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NOTE.

TrE increasing bulk of the annual volume of Transactions has induced the
Publication Committee to discontinue the insertion of the full list of members
among the preliminary matter therein. The list which would appear is that
which was published under date of July 1, 1891, as the second edition of the
Twelfth Catalogue. The following summary records the members in each grade :

SUMMARY.
Honorary Members. ............ccceeeieinnnnnns cerene e 18
Life Members. . ......c.covitiiieninenieeeieennnnennennns 18
Members .......oiiiiiiiiiti ittt e ataneaann 1,119
ASBOCIALES .. .. cviiiiiiiii ittt i i aeaaaean 52
JUNIOTS . .....eiiiiiiiiiiitiieei ittt riaeeaan 142
Total....ooovvinninnnnnnns Cereeiiieaaes ceeee 1,844



AMENDED.

RULES

OF THE

AMERICAN SOCIETY OF MECHANICAL ENGINEERS.

(Adopted November 5¢h, 1884.)

OBJECTS.

Art. 1. The objects of the AmericaN Socrery or MECHANICAL
EXGINEERS are to promote the Arts and Sciences connected with
Engineering and Mechanical Construction, by means of meetings
for social intercourse and the reading and discussion of profes-
sional papers, and to circulate, by means of publication among its
members, the information thus obtained.

MEMBERSHIP.

Azt. 2. The Society shall consist of Members, Honorary Mem-
bers, Associates and Juniors.

ArT. 3. Mechanical, Civil, Military, Mining, Metallurgical and
Naval Engineers and Architects may be candidates for member-
ship in this Society.

AgT. 4. To be eligible as a Member, the candidate must have been
so connected with some of the above-specified professions as to be
considered, in the opinion of the Council, competent to take charge
of work in his department, either as a designer or constructor, or
else he must have been connected with the same as a teacher.

ArT. 5. Honorary Members, not exceeding twenty-five in nam-
ber, may be elected. They must be persons of acknowledged pro-
fessional eminence who have virtually retired from practice.

AgT. 6. To be eligible as an Associate, the candidate must have
such a knowledge of or connection with applied science as quali-
fies him, in the opinion of the Council, to co-operate with engineers
in the advancement of professional knowledge.
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ART. 7. To be eligible as a Junior, the candidate must have
been in the practice of engineering for at least two years, or he
must be a graduate of an engineering school.

The term “Junior” applies to the professional experience, and
not to the age of the candidate. Juniors may become eligible to
membership.

Agr. 8. All Members and Associates shall be equally entitled to
the privileges of membership. Honorary Mewmbers and Juniors
shall not be entitled to vote nor to be members of the Council.

ELECTION OF MEMBERS.

Arr. 9. Every candidate for admission to the Society, excepting
candidates for honorary membership, must be proposed by at least
three members, or members and associates, to whom he must be
personally known, and he must be seconded by two others. The
proposal must be accompanied by a statement in writing by the
candidate of the grounds of his application for election, including
an account of his professional experience, and an agreement that
he will conform to the requirements of membership if elected.

Agrt. 10. All such applications and proposals must be received
and acted upon by the Council at least thirty days before a regu-
lar meeting, when the Secretary shall at once mail to each mem-
ber and associate, in the form of a letter ballot, the names of can-
didates recommended by the Council for election.

Arr. 11. Any member or associate entitled to vote may erase
the name of any candidate, and may, at his option, return to the
Secretary such ballot enclosed in two envelopes, the inner one to
be blank and the outer one endorsed by the voter.

ArT. 12. The rejection of any candidate for admission as mem-
ber, associate, or junior, by seven voters, shall defeat the elec-
tion of said candidate. The rejection of any candidate for admis-
sion as honorary member by three voters shall defeat the election
of said candidate.

Agr. 13. The said blank envelopes shall be opened by the
Council at any meeting thereof, and the names of the candidates
elected shall be announced in the first ensuing meeting of the So-
ciety, and also in the first ensuing list of members. The names
of candidates not elected shall neither be announced nor recorded
in the proceedings .

AgT. 14.—Candidates for admission as honorary members shall
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not be required to present their claims; those making the nomi-
nations shall state the grounds therefor, and shall certify that the
nominee will accept if elected. The method of election in other
respects shall be the same as in case of other candidates.

Art. 16. All persons elected to the Society, excepting honorary
members, must subscribe to the rules and pay to the Treasurer
the initiation fee before they can receive certificates of member-
ship. If this is not done within six months of notification of elec-
tion, the election shall be void.

Arrt. 16. The proposers of any rejected candidate may, within
three months after such rejection, lay before the Council written
evidence that an error was then made, and if a reconsideration is
granted, another ballot shall be ordered, at which thirteen nega-
tive votes shall be required to defeat the candidate.

ArT. 17. Persons desiring to change the class of their member-
skip shall be proposed in the same form as described for a new
applicant.

FEES AND DUES.

Agr. 18. The initiation fees of memberr and associates shall be
$15, and their annual dues shall be $10, payable in advance. The
initiation fee of juniors shall be 810, and their annual dues $5,
payable in advance. A junior, being promoted to full membership,
shall pay an additional initiation fee of $6. Any member or as-
sociate may become, by the payment of $150 at any one time, »
life member or associate, and shall not be liable thereafter to
annual dues.

ART. 19. Any member, associate or junior, in arrears may, at
the discretion of the Council, be deprived of the receipt of publi-
cations, or stricken from the list of members, when in arrears for
one year. Such person may be restored to membership by the
Council on payment of all arrears, or by re-election after an inter-
val of three years.

OFFICERS.

ART. 20. The affairs of the Society shall be managed by a Coun-
cil, consisting of a President, six Vice-Presidents, nine Managers
and a Treasurer, who shall also be the Trustees of the Society.

All past (Ex) Presidents of the Society, while they retaiu their
membership therein, shall be known as Honorary Councillors, and
shall be entitled to receive notices of all meetings of the Council
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and may take part in any of its deliberations ; they shall be en-
titled to vote upon all questions except such as affect the legal
rights or obligations of the Society or its members. .

Agxr. 21. The members of the Council shall be elected from
among the members and associates of the Society at the annual
meetings, and shall hold office as follows :

The President and the Treasurer for one year; and no per:on
shall be eligible for immediate re-election as President who shall
have held that office for two consecutive years ; the Vice-Presi-
dents for two years and the Managers for three years ; and no
Vice-President or Manager shall be eligible for immediate re-
election to the same office at the expiration of the term for which
he was elected.

ART. 22. A Secretary, who shall be a member of the Society,
shall be appointed for one year by a majority of the members of
the Council at its first meeting after the annual election, or as soon
thereafter as the votes of a majority of the members of the Council
can be secured for a candidate. The Secretary may be removed
by a vote of twelve members of the Council, at any time after one
month’s notice has been given him by a majority of its members
to show cause why he should not be removed, and he has been
heard to that effect. The Secretary may take part in any of the
deliberations of the Council, but shall not have a vote therein.
His salary shall be fixed for the time he is appointed by a majority
vote of the Council.

AxT. 23. At each annual meeting, a President, three Vice-Presi-
dents, three Managers and a Treasurer shall be elected, and the
term of office of each shall continue until the end of the meeting
at which their successors are elected.

ARrT. 24 The duties of all officers shall be such as usually per-
tain to their offices or may be delegated to them by the Council
or by the Society. The Council may, in its discretion, require
bonds to be given by the Treasurer.

ArT. 25. The Council may, by vote of a majority of all its
members, declare the place of any officer vacant, on his failure for
one year, from inability or otherwise, to attend the Council meet-
ings, or to perform the duties of his office. All such vacancies
and those occurring by death or resignation shall be filled by the
appointment of the Council, and any person so appointed shall
hold office for the remainder of the term for which his predecessor
was elected or appointed; provided that the said appointment
shall not reader Lim ineligible at the next annual meeting.
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Agrr. 26. Five members of the Council shall constitute a quorum ;
but the Council may appoint an Executive Committee, or business
may be transacted at a regularly called meeting of the Council, at
which less than a quorum is present, subject to the approval of
s majority of the Council, subsequently given in writing to the
Secretary and recorded by him with the minutes. Absent mem-
bers of the Council may vote by proxy upon subjects stated in the
call for a meeting, said proxy to be deposited with the Secretary.

Agrt. 27. The President on assuming office shall appoint a
Finance Committee and a Publication Committee and a Library
Committee of five members each. The appointment of two mem-
bers of each Committee shall expire at the end of each year. The
Secretary shall, ez officio, be a member of all three Committees.

Agr. 28.—The Finance Committee shall have power to order
all ordinary or current expenditures, and shall audit all bills there-
for. No bill shall be paid except upon their audit. When spe-
cial appropriations are ordered by the Society, they shall not take
effect until they have been referred to the Council and Finance
Committee in conference.

ART. 29. It shall be the duty of the Publication Committee to
receive all papers contributed, to decide which shall be published
in the T’ransactions, and which shall be read in full ut the meetings.

Art. 30. It shall be the duty of the Library Committee to take
charge of the collection of all material for the Library of the Sn-
diety, and to supervise all regulations for its use.

ELECTION vt OFFICERS.

Arr. 31. At the regular meeting preceding the annual meeting
8 uominating committee of five members, not officdrs of the Soci-
ety, shall be appointed, and this committee shall, at least thirty
days before the annual meeting, send to the Secretary the names
of nominees for the offices falling vacant under the rules. In ad-
dition to such regularly appointed committee, any other five mem-
bers or associates, not in arrears, may constitute an independent
nominating committee, and may present to the Secretary, at least
thirty days before the annual meeting, all the names of such can-
didates as they may select. All the names of such independent
nominees shall be placed npon the ballot list with nothing to dis-
tinguish them from the nominees of the regular committee, and
the Secretary shall at once mail the said list of names to each
member and associate in the form of a letter ballot, it being un-
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derstood that the assent of the nominees shall have been secured
in all cases. -

Arr. 32. In the election of Vice-Presidents, each member and
associate may cast as many votes as there are Vice-Presidents to
be elected. He may give all these votes to one candidate, or dis-
tribute them among more, as he chooses. Managers shall be
voted for in the same way.

ART. 33. Any member or associate entitled to vote may vote by
retaining or changing the names on said list, leaving names not
exceeding in number the officers to be elected, and returning the
list to the Secretary—such ballot inclosed in two envelopes, the
inner one to be blank and the outer one to be indorsed by the
voter. No member or associate in arrears since the last annual
meeting shall be allowed to vote until said arrears shall have been
paid.

ART. 34. The said blank envelopes shall be opened by tellers
at the annual meeting, and the person who snall have received the
greatest number of votes for the several offices shall be declared
elected.

MEETINGS.

ART. 35. The annual meeting of the Society shall be held on
the first Thursday in November of each year, in the City of New
York, unless otherwise ordered, at which a report of proceedings
and an abstract of the accounts shall be furnished by the Council.
The Council may change the place of the annual meeting, and
shall, in that case, give timely notice to members and associates.

ART. 36. Cther regular meetings of the Society shall be held in
each year at such time and place as the Council may appoint. At
least thirty days’ notice of all meetings shall be mailed by the
Secretary to members, honorary members, associates and juniors.

ART. 37. Special meetings may be called whenever the council
may see fit; and the Secretary shall call a special meeting at the
written request of twenty or more members. The notices for
special meetings shall state the business to be transacted, and no
other shall be entertained.

ArT. 38. Any member, honorary member or associate may
introduce a stranger to any meecting ; but the latter shall not take
part in the proceedings without the consent of the meeting.

Art. 89. Every question which shall come before the Society
shall be decided, unless otherwise provided by these rules, by the
votes of a majority of the members and associates present, pro-
vided there is a quorum.
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Art. 40. At any regular meeting of the Society thirteen or more
members and associates shall constitute a quorum.

Agr. 41. Unless otherwise ordered, papers shall be read in the
order in which their text is received by the Secretary. Beforc
any paper appears in the 7ransactions of the Society a copy of
the paper shall be sent to the author, and, so far as possible, a
copy of the reported discussion shall be sent to every member
who took part in the same, with requests that attention shall be
called to any errors therein.

Art. 42. The Society shall claim no exclusive copyright in
papers read at its meetings, nor in reports of discussions, except
in the matter of official publication with the Society’s imprint, as
its Transactions. The Secretary shall have sole possession of
papers between the time of their acceptance by the Publication
Committee and their reading, together with the drawings illustrat-
ing the same ; and at the time of such reading, or as soon there-
after as practicable, he shall cause to e printed, with the authors’
consent, copies of such papers, “ subject to revision,” with such
illustrations as are needed for the 7ransactions, for distribution
to the members and for the use of technical newspapers, American
and foreign, which may desire to reprint them in whole or in part.
The policy of the Society in this matter shall be to give papers
read before it the widest circulation possible, with the view of
making the work of the Society known, encouraging mechanical
progress, and extending the professional reputation of its members.

Agr. 43. The author of each paper read before the Society
ghall be entitled to twelve copies, if printed, for his own use, and
all members shall have the right to order any number of reprints
of papers at a cost to cover paper and printing ; provided, that
said copies are not intended for sale.

ArT. 44. The Society is not, as a body, responsible for the
statements of fact or opinion advanced in papers or discussions,
at its meetings ; and it is understood that papers and discussions
should not include matters relating to politics or purely to trade.

AMENDMENTS.

AgT. 45. These rules may be amended, at any annual meeting,
by a two-thirds vote of the members present; provided, that writ-
ten notice of the proposed amendment shall have been given at a

previous 1neeting.
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PROCEEDINGS

OF THE

RICHMOND MEETING
(XXI1d)

OF THE

AMERICAN SOCIETY OF MECHANICAL ENGINEERS,

November 11th to 14th, 1890.

LocAL COMMITTEE OF ARRANGEMENTS :—MEsSRS. E. F. C. Davis, Ckairman ;
A. H. Raynal, Secretary; Archer, Brooks, Burgwyn, Delaney, Mellin, Greenwood,
Sherrell, and Simpkin.

FirsT Day. TuEspAy, NovexBer 11, 1890,

The XXIId meeting of the American Society of Mechanical
Engineers was also its Eleventh Aunnual Meeting, and was con-
vened in the city of Richmond, Va., the sessions being held in the
Assembly Hall, in copnection with the Exchange Hotel, of that
city.

The opening session was called to order by Mr. E. F. C.
Davis, Chairman of the Committee of Arrangements, who intro-
duced his Honor Mayor J. T. Ellyson, of Richmond.

After an appropriate address of welcome by the mayor, the
retiring president, Oberlin Smith, delivered his annual address,
entitled “ The Engineer as a Scholar and a Gentleman.”

The tellers to count the ballots cast for officers of the Society
for the ensuing year were appointed under Article 34, and the
session adjourned.

In the evening a reception was tendered to the Society at the
house of Governor Philip McKinney, of Virginia, in the historic
mansiocn in Capitol Square.

SeEconp Day. WEeDNEsSDAY, NovEMBER 12.

The first session for business was convened in the Assembly
Hall at half past nine o’clock. The Secretary’s register in

" # Presented at the Richmond meeting of the American Society of Mechanical
Engineers (1890), and forming part of Volume XIIL of the Transactions.
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headquarters showed the following members in attendance
during the couvention :
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Alberger, Louis R.............. teretenneeanans New York City.
Allison, Robert...... cerenaen Ceeeseressanans Port Carbon, Pa.
Almond, Thos. R.......ccovviunnnn. [N Brooklyn, N. Y.
Albree, Chester B.......c.vovvvninne civennn. Allegbeny, Pa.
Ashworth, Danjel............c.oevevinii.. Pittsburgh, Pa.
Archer, Edward R...........ccciieeennnnn.n. Richmond, Va.
Babbitt, Geo. R..........cciiiviinnnnnnns ... Providence, R. 1.
Ball, Frank H. (Manager).......ccc.couuvennn.. Erie, Pa.

Bang, Henry A... ......ccviiveiiiniiiccnnen. New York City.
Barmes, Abel T......coovveinnnireniiennnnnne. Jamaica Plain, Mass.
Barr, William M........cooeiiiiimeininnnnn.. Philadelphia, Pa.
Barrus, Geo. H.....oovivvvivniinaan.. “....Boston, Mass.
Beach, Chas. 8........ccccevviiinninnnns ....Bennington, Vt,
Bennett, Frank M...............covo0ee «+... Washington, D. C.
Bond, Geo. M. (Manager)................. ....Hartford, Conn.
Bray, Chas. W.......oiiiiiiieiiiiiiiieennns. Youngstown, Ohio.
Britton, J. W. . ieeiiiiiiietirennrieencnnnn Cleveland, Ohio.
Brooks, Wm. B.........ccceievieiineinnnenns Richmond, Va.
Brotherhood, Fred........ccoonvieeiinnennenn. Richmond, Va.
Bulkley, Henry W..... ............ PN New York City.
Campbell, Andrew C..........ccoviunnnnn ...Waterbury, Conn.
Carr, C. A.......... e tecreriacsessaerseainas Washington, D. C.
Coleman, Isaiah B.. .. ....iiiiiiieeeeiinnnnes Elmira, N. Y.
Comly, George M. ......ccceivinieniiinnnnnnn Edgemoor, Del.
Cooper, John H............c.cciiieiivinnnnne. Philadelphia, Pa.
Cullingworth, Geo. R............cccountn .....New York City.
Dallett, W. P..... Certceeeiarenteisaaes ceeens Philadelphia, Pa.
Darling, Edward....... ettt eiaaeaees Pawtucket, R. I.
Dashiell, Benj. J.,Jr.....ccovvniiiiniinn .t Baltimore, Md.
Davis, E.F.C............ teeiesesecccsses...Richmond, Va,
Delaney, Alexander................covnnnunn. Richmond, Va.
Denton, James E. (Manager)............. .... Hoboken, N. J.

) 0110 T 1) 1Y Meadville, Pa.
Doran, Wm. S......cciiieviiiiiiiiineiann. New York City.
Draper, T. W. Morgan ......c.oovinennnnnnnnn Norfolk, Va.
Eberhardt, F. L'H.......coiiiiiiiencnnnnneans Newark, N. J.
Engel, Louis G .......c.coviiiviiiniiiinnnnns Brooklyn, N. Y.
Field, Cornelius J......ccooveeineensninccanns New York City.
Fladd, FredericC............. eteieenneeaann New York City.
Foster, Charles E..........cciviiiinee venennn Washington, D. C.
Gantt, Henry L......coveeiiieniiivnieaninnn.. Philadelphis, Pa.
Gobeille, Jos. Leon......coeveeriariiieriennnn. Cleveland, Ohio.
Graves, Erwin.......ccoivieenieneinncennnan. Camden, N. J.
Gray, G. A......iiiiiiiieiniiiiiinnnnianaannn Cincinnati, Ohio.
Greenwood, P. F..............iiiiiviinnnnn.. Richmond, Va.
Grimm, Paul H .................. ceeeceanans Glen Cove, I.. 1., N. Y.

Hand, Frank Ludlam..........c.cec00ees.... . Philadelphia, Pa.
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Hand, 8. Asbton.......ccovvuiiee cininnnnnnn. Philadelphia, Pa.
Hawkins, John T..............cciiiiaiennn... Taunton, Mass.
Hemenway, F. F..........coiiiiiiiinninan. .. New York City.
Henderson, Alexander.................. ceeaen Boston, Mass.
Henderson, Geo. R .............coveiennnnn. Roanoke, Va.
Hillard, Chas. J........coiiiiiiiiinennnnnnnn. Pittsburgh, Pa.
Holland, John........coiiiiiiiiiinninnennns Dover, N. H.
Holloway, J. F. (Past-Presidenl).............. New York City.
Hunt, Charles Wallace...........ccouvnnn.en. New York City.
Huston, Chas. L...................... eeeaaes Coatesville, Pa.
Hutton, Frederic R. (Secretary)............... New York City.
Hyde,Chas. E ......c.iv0 tiiiiiininninnnnen. Bath, Me.

Jacobi, Albert W..........ooiiiiiiiiiiinnnnn. New York City.
Jacobus, D. S..............¢ S e iitiecernean Hoboken, N. J.
Jewett, L. C..ovivvneriiniiiennineccnananes Erie, Pa.

Jones, Willis C..................... [P Cincinnati, Ohio.
Laforge, Fred’k Henry.............cecinunnnne Waterbury, Conn.
Laird, John A....c..ooiiiiiiiiiiiiiininennn. St. Louis, Mo.
Lane, Harry M........ ..o iiiiiiiiiinnnnnns Cincinnati, .Ohio.
Leonard, Samuel A......... N Washington, D. C.
Lipps, Henry, Jr........coiiiiiiiiiinniee, Raleigh, N. C.
Low,Fred. R ......ciiiiiiiiiiiiiiinannnas New York City.
McBride, James...........ccoiieiieiiiieiieans Brooklyn, N. Y.
McFlroy, Samuel...........ccovviiennennnnnn. New York City.
MacFarland, Walter M..............c.cco..... Washington, D. C.
McKinney, Robt. C.................. ... ....Hamilten, O.
Mattes, Wililam F................... ool West Superior, Wis,
Mellin, Carl J... .ottt ie i teneenenn Richmond, Va.
Mirkil, Thos. H., Jr.......ooiiiiiiit.. Philadelphia, Pa.
Moore, D.G.........ccivivnann.. ceeeieeeaan .Elizabeth, N.J.
Mumford, EdgarH........ .. ... el Detroit, Mich.
Nason, Carleton W. (Manager)................ New York City.
Painter, William..................oiiiieinnen Baltimore, Md.
Parker,Chas. D.......cvviiviiiniiniennnnnnn. Worcester, Mads,
Parks, Edward H........................c.0. Providence, R. I.
Passel, George W............ ereaee seeaens Cincinnati, Ohio.
Phillips, Geo. H........ ........cooiiiien oo Newark, N. J.
Philp, C. ¥..oviiiiiiiiiiee i Bethlehem, Pa.
Pickrell, James M...........ccoviiivinnnnnnn Richmond, Va.
Raynal, Alfred H............coeiiiiiiniinns Richmond, Va.
Redwood, I. 1...... Ceeeeeneecreeenaenees sans Brooklyn, N. Y
Reiss, Geo. T.......cooi tveiiiiinnninnnnes Hamilton, Ohio.
Roberts, William..........coiiviiiveiiineenns ‘Waltham, Mass.
Rogers, Winfleld 8.................c0iinnent. Troy, N. Y

Rood, Vernon H....... . ......cciivvinnnn. Luzerne Co,, Pa.
Ross, Edward L...............ccceeiiiinnnnn. Indian Orchard, Mass,
See, Horace (Past President)...... o eieeeeneenn New York City.
Shirrell, David...........coiiiiiiiiiiieinen Richmond, Va.
Simpkin, Willlam..................coooiaiae Richmond, Va.
Smith, Geo. H...........ciiiiiiiiiiiiinnnns Providence, R. I.

Smith, Jesse M.............. F N Detroit, Mich.
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Smith, Oberlin (President) . .........cccoueenn. Bridgeton, N. J.
Smith, Scott A................c.ciiiiiiiie. Providence, R. 1.
Bnell, Henry L. ......coiviiiiiiiaiieinannnn. Philadelphia, Pa.
Spaulding, H. C.....c.ooiviiiiiiiiiinnnn.. Boston, Mass.
Sperry, Charles...........cocvviiiiiiinnnnnn. Queens Co., L. I, N. Y.
Stillman, Francis Hill..............ccoienttn New York City.
Stirling, Allan............ovieeiinnenss ceeeann New York City.
Svenson, John..........cc0uuens eereeseeaans Scranton, Pa.
Swasey, Ambrose....... e eeieserseeieeneans Cleveland, Ohio.
Thomson, Johm.. .. .ceeieriinninenenannnn. New York City.
Tompkinsg, 8... ... .iciiiiiiiieiriniinns Charlottesville, Va.
Torrey, Herbert Gray..... .................New York City.
Tucker, Wm. B........ c.ciineiieniiinnnnnn. Elizabeth, N. J.
Vanderbilt, Aaron................ . RPN New York City.
Webster, John H..........coviiiiiiniiennnnn. Boston, Mass.
Wellman, Samuel T........ccvviee ceveinnens Cleveland, Ohio.
Wheeler, F. Meriam..........co00veiennncnnns New York City.
White, William, Jr..........cciivviiencnnnas Pittsburgh, Pa.
Whitehead, Geo. E. ... ...c.cveieiiinrnnnnn.. Providence, R. 1.
Whitney, Baxter D........c.coivieniinniann.. Winchendon, Mass.
Whitney, W. M........c.oiiiiiineiinninnnns Winchendon, Mass.
Wightman, D. A..........oiiiiiiiniennns Allegheny, Pa.
Wilcox, John F.......c.iiiiiiiiiinnninnn, Pittsburgh, Pa.
Wiley, Wm. H. (Treasurer)........ccccvuvnn..- New York City.
Wood, W. H..oooiii i Philadelphia, Pa.
Wood, Walter............. ...ciiieienniinn., Philadelphia, Pa. -
Woolson, Orosco C........coee coviininnnnnnn. Newark, N. J.
Wolcott, Frank P............coiiiieernnnnnnn. Carteret, N. J.

There was also a number of guests present and a large delega-
tion of ladies.
The first order of business was:

THE ANNUAL REPORT OF COUNCIL.

The Council would beg leave to present its Annual Report as
follows

It has held seven meetings during the year for the transaction
of business, and the following is a summary of its action, in addi-
tion to the usual routine of labor:

The committee proposed, in a resolution of Henry R. Towne,
at the annual meeting of 1889, to consider the advisability of
establishing in this country, what has been called provisionally
“ An Institute or Academy of Engineering,” was duly appointed
by the Council, to consist of Messrs. Towne, Thurston, and Sellers,
of this Society, and at their request three members were ap-
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pointed from each of the other Engineering Societies to confer
with them. .

The Society of Civil Engineers appointed Messrs. Brush, Col-
lingwood, and Michaelis.

The Institute of Mining Engineers appointed Messrs. McDon-
ald, Rolker, and Kirchhoff ; and the Institute of Electrical Engi-
neers appointed Messrs. Martin, Upton, and Crocker.

The committee of this Society reported several times during
the year the steps which they had taken in connection with the in-
dividual members of the other committees, and a draught for a pro-
posed scheme for such an organization was prepared by the com-
mittee of this Society, and submitted, confidentially, for criticism.

The Association of Engineering Societies of Chicago appointed
a committee to prepare an address to the Engineering Societies of
the United States, also with reference to the formation of a Na-
tional Engineering Society. 'This committee, since March 12, 1890,
has consisted of Messrs. J. B. Johnson, Wm. B. Knight, and B.
Williams.

On April 25, 1890, the committee of the Institute of Mining
Engineers wrote: “We feel that we cannot pledge the Institute
to the conclusions reached by your deliberations, or that we could
add mauch of value to the latter on the specific points considered
in the proposals.” ‘

On Juue 10, 1890, the Society of Civil Engineers, through its
Secretary, reported that they deemed the consideration of the pro-
posed organization inexpedient at the present time.

‘Whatever, therefore, may be planned hereafter by the committee
of this Society will obviously be upon different lines from those
proposed when the committee was first constituted.

The committee of the Society on “ Standards ” received from the
Council an appropriation, not to exceed $250, for the furtherance
of the work intrusted to them.

The committee appointed to express to the mayors of the
leading American cities their sympathy with the movement to
hold a World’s Fair in the near future, presented a report at the
meeting in May, 1890, which will be found in Volume XL

The Society has moved during the year from its former quar-
ters at 64 Madison Avenue to the house owned by the Mechanical
Engineers’ Library Association at No. 12 West Thirty-first Street
The steps leading to this action have been very carefully considered
at special meetings of the Council, and the action was only consum-
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mated after very careful advice taken from interested members of
the Society. The Society rents from the Mechanical Engineers’
Library Association the parlor floor, which it uses as an office
and members' rendezvous, and the auditorium at the rear. On the
floor below, it occupies the front room as a stenographer’s office
and writing-room for the transaction of office routine; and the
large room in the rear, under the auditorium, has been fitted up
as a banquet or collation room, for social purposes in connection
with reunions in the auditorium above.

The Society also has the privilege of the use of certain rooms
on the third and fourth floors, as bachelor apartments or sleep-
ing rooms for members of the Society, at the rate of $1.50 per
night, or $10 per week for longer occupancy. While these rooms
are plainly furnished, the beds have been made particularly Jux-
urious; and it is the desire of the Council that the members
of the Society coming to New York should mgke the house their
home during their stay in the city. This move was particularly
intended to secure for the non-resident membership benefits
in the occupancy of the house which it is hoped they will appre-
ciate.

The Society Library is rented to the trustees of the Library
Association, who maintain it as a free public library, and it is
open to every one between the hours of ten in the morning and
ten in the evening. The evening opening of the library and build-
ing has proved itself a conspicuous success, and will be continued
indefinitely, except upon the evenings of the Fourth of July,
Thanksgiving, and Christmas.

The cooperation of this Society was requested through its
Council in the matter of extending its courtesies to the Iron and
Steel Institute of Great Britain, and the cognate organization from
Germany which made its visit with them to the United States.

Besides the cooperation extended by individuals, the Council
put its house quarters at the service of the Institute before they
left England, and repeated these offers on the arrival of the party
in this country. Quite a number of them made it a point to visit
the Society’s house during their stay.

The Council has received from the committee managing the
details of the Cincinnati convention a gift of the surplus remain-
ing in their hands after all the expenses of the meeting had been
paid. This gift, amounting to $218.90, the Council were requested
either to apply to the library or the house fund. The Council
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directed that it should be turned over to the library trustees to
meet the obligations which they had incurred.

In response to an overture from the committee of the Western
Society of Engineers of Chicago, a committee of this Society was
sppointed to confer with the representatives of other societies, in
reference to holding an international congress of engineers, and
providing an international headquarters during the Columbian
Exposition. William Forsyth, Jesse M. Smith, Henry B. Stone,
R H. Thurston, and Henry R. Towne were appointed such com-
nittee, and the report of this joint committee will be presented to
the Society at a later point in the meeting.

The Hon. B. F. Tracy, Secretary of the United States Navy,
requested that the Council of this Society should -appoint a com-
mission of three to decide upon the relative merits of the designs
of lathes for the new gun factory of the Ordnance Bureau. That
commission was appointed, to consist of John E. Sweet, S. T.
Wellman, and Charles H. Morgan, who met in -Washington, and
performed its delicate duty to the satisfaction of all concerned.

The Council has appointed a committee of the Society to report
upon standard methods for testing the efficiency of locomotives,
to consist of William Forsyth, Chairman; F. W. Dean, J. W.
Cloud, A. S. Vogt, Allan Stirling, J: E. Denton, and R. H. Soule.

The memorial adopted by the Society’s committee, and ap-
proved at the May meeting of 1890, to memorialize the United
States Government in regard to a suitable monument or other
recognition of the important services to the nation of Captain
Ericsson, late member of the Society, have directed that the
memecrial be printed and circulated where it would do good, and
the Council have directed that an engrossed letter of transmittal
of that memorial to the Secretary of the Navy be sent to him, in
the fartherance of the work of the committee.

The issue of a second edition of the first three volumes of
this Society’s Transactions has been decided upon, the present
membership having subscribed for an amount in excess of two-
thirds of the expenses of such re-issue. These first three volumes
will therefore be issued during the year and printed from plates,
so that there will be no difficulty in the matter of subsequent
issues.

The Council has directed thatits Library Committee have power
to expend, for the purchase of books, such proportion of the fund
in the savings-bank to the credit of the Library Association as



10 PROCEEDINGS OF THE

the discretion of the committee may indicate. Thatsum isnowin
excess of $2,100, as will appear from the report of the Finance
Committee ; and the Council, while thanking the members for
the suggestions which they have made as to desirable books, will
be glad to have a wider interest taken in this inatter by members
other than those from whom they have heard.

A fine life-sized portrait of the late Alexander L. Holley, deceased
founder of the Society, and created honorary member in perpetuity,
has been presented to the Society by Mrs, Mary H. Bunker, for-
merly Mrs. A. L. Holley. This portrait will be hung upon the walls
of the assembly room of the Society, and the Council has directed
that at an early day suitable ceremonies of unveiling be held in
the Society's house, to give expression to the sentiment of recog-
nition for the gift and of the distinction which the donor has con-
ferred. _

By the kindness of Mr. James Dredge, honorary member of
this Society, a portrait of Sir Henry Bessemer, who was clected
honorary member of the Society by the Council at its meeting,
April 20, 1882, has been presented to the Society, and is also hung
upon its walls.

The Council have directed that a suitably engrossed minute be
sent to Sir Henry by the executive of this Society, copies of which
are appended below.

The Council has had presented to it the question of the advisa-
bility of the issue of a handbook of engineering similar to that
issued by the cognate society in Germany. They have directed
that the question of the expediency of such procedure be presented
to the Society under the head of new business at this meeting,

The Council, in addition to the routine of scrutiny of applications,
has considered favorably a number of requests to present sets of
its Transactions to libraries of technical schoolsin this country and
abroad, and is now considering the question of increasing its ex-
change list, particularly with French societies and organizations.

The Council has passed favorably during the year upon 204
applications for membership in the several grades.

The losses by death during the year since the last annual report
have been as follows :

Fred. B. Rice, Hector V. Havemeyer, Chas. A. Ashburner,

Horatio Allen, Gustave Adolph Hirn, Chas. B. Smith,
Henry J. Davison, Edward H. Owen, Jr.

The present membership of the Society, including those joining
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at this meeting and favorably acted upon by the voting members,
is distributed among the grades as follows :

Honorary members. .............iiiiiiiiiinrieneiancenas 18
Life members.........c. coiiiiiiitiniieiieiiiiteeannenns 10
Members. .coociiiiiiiinecneeaaeaiietianatacacrsctssnonans 1,025
ASSOCIALES. . ..o irnieeaennntitreesnineciitticssnssannnns 52
B L YT 117

Total....cooe wuunn 1,220

The Council would also present the report of the tellers of elec-
tion as follows :

The undersigned were appointed a committee of the Council to
act as tellers, under Rule 13, to count and scrutinize the ballots cast
for and against the candidates proposed for membership in the
Society of Mechanical Engineers before the XXIId meeting of
the Society in November, 1890.

They would report that they have met upon the designated days
i the office of the Society and proceeded to the diecharge of
their duties. ’

They would certify, for formal insertion in the records of the
Society, to the election of the appended named persons to their
respective grades upon lists Nos. 3 and 4, respectively green and
blue.

There were 427 votes cast in the ballot upon the green list, of
which 23 were thrown out because of informalities.

STePHEN W. BALDWIN,

CARLETON W. NasoN, } Tellers.

There were 452 votes cast in the ballot upon the blue list, of
which 34 were thrown out because of informalities.

STEPHEN W. BALDWIN,
Tellers.
CARLETON W. NasoN,
November 7, 1890.
The lists are appended below.
MEMBERS
Adams, Wm. H.....oooviiiiiiiiaiiaia.. New York City.
Adsit, John O... ... ...ciiiiiiiiiiiieinannn. Hornellsville, N. Y.
Apndrews, Geo. C.......cciiiiiiieeiiiiinn, Minneapolis, Minn.
Archer, Edward R...........ciiiiiiiiiiinnns Richmond, Va.
Bailey, Cyrus.........ocoivviiiiienninaaens .Akron, O.

Bartlett, John E. T....cooievvevennncnnes oe. Navy Yard, B’klyn, N. Y.
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Berg, P..T...ccoiviiiiiiiinieiiiinniinnnnnnns Howmestead, Pa.
Bixby, Edgar M .......oiiiiiiiiiieiien contn Boston, Mass.
Blake, John H... .......ciiiiiiiiainnnnnnnns New York City.
Boyden, N. N..... . iciiitiieianeonnencecnanns Macon, Ga.
Breckenridge, L. P............oo000 ciala.. Bethlehem, Pa.
Brotherhood, Fred...........c.cveviininnnn.. Beaufort, 8. C.
Bull, Goold H..........coiiiiiiiiiiin cevnnnn Cambridgeport, Mass,
Bull, Storm. ...c.cvviiieiinn tiiiiiiiiaeaae., Madison, Wis.
Cake, H. W .o i Lake Linden, Mich.
Carnegie, Andrew.......cccovvvnieiniennnensn. New York City.
Christie, E. W.. .. . iiiiiiiiiiiiiiiiiiinanans Jersey City, N. J,
Christensen, Chas. C..........coiiiiiiinnnnn. Chicago, Il
Colahan, Chas ................ ereaeesecnenns Cleveland, O.
Crooker, Ralph, Jr........coiiiiiiannnninnnns Pittsburgh, Pa.
Davis, Wm, C....... ciiiiiiiiiiiiiineinnnn. Denver, Col.
Dripps, Wm. A......coovvviiiiinnen. . eenee Philadelpbia, Pa.
Ferguson, Geo. R.......cceveinnuinnnn, cerens Brooklyn, N. Y.
Foster, Chas. F....coovivvivrniiniinnancnnn. St. Louis, Mo.
Freeman, F.J .. ..iiiiiiiiinniinnieennnnen. Warren, O.

Fry, Chas. A........ ceecaresenas teetcteensans New York City.
Gangdy, Fred’K......cooiie teieiinnnnnencenns Hamilton, O.
Greenwood, P. F........... PO eeeenenns Richmond, Va.
Grover, Lewis C .....cciiviiienenncannnncnn. Hartford. Conn.
Hammond, Richard ..... eesectncesernatannann Buffalo, N. Y.
Henderson, Geo. R....covvviiiicinninnnnncsn. Roanoke, Va.
Hobart, Frank G........ccoccviiierennnnneanns Beioit, Wis.
Hoffecker, W. L .....coviirviiieinineannnnan. Elizabeth, N. J.
Holman, M. L ... ... ..ot tiiiiiiiiiinennnnns St. Louis, Mo.
Hoppes, John J......coovt tiiiiineiiinnnne. Springfield, O.
Houston, Chas. Robb............. ceesescrnans Cincinnati, O.
Jackson, D.C.......oiiiiiiiiiiiiiiieiieninns New York City.
Jarvis, Chae. M........coiiiiieiinninanennnns E. Berlin, Conn.
King, Wm. R........... teesenetessteiantsans New York City.
Leonard, Sam’l H......... eeeetenesaannanaes Washington, D. C.
Lyon, J. Wyckoff......... «iiviiiiienineninn. Brooklyn, N. Y.
Mackiewicz, Victor......... ceesann veseesss...New York City.
Marshall, Geo......ocovvvenennannnnn Ceeerennes Dayton, O.
Marshall, Robt. E......coivitrniinnrnnnnennes Wilmington, D. C.
Mason, Frank S.....cocoiviiiiiiiiniiiiinn.. Jersey City, N. J.
Maury, Dabney H......oovvvvnneiinniiennn... New York City.
Maxwell, James R........c.cvviiiereennnennn. Cincinnati, O.
Melcher, Chas. W..... ceten teterereaneecans St. Louis, Mo,
Morison, Geo. S... .. Geeeeietetaeteetteteanns Chicago, I11.
Morton, Geo. L ......covvuviiiniiiiiiienennn. ‘Washington, D. C,
Newell, Augustus.......oooiviiineieennnnnn Chicago, Ill.
Padgham, Frank W...........ooiiiiinaen. Oil City, Pa.
Painter, Wm.......coiiiiiineeinne covennnnen Baltimore, Md.
Philp, C. V.o iiiiiiiiiiiiiiienennreeencannnns Bethlehem, Pa.
Pickrell, Jas. M..... teeeen ieceecttiennaaanas Richmond, Pa.
Pike, Wm. A........ ..ciiiiiiiieiiinnnn. Minneapolis, Minn.

Pollock, James.............. Ceetereteaeanenns Wilkesbarre, Pa.
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Porter, William ............coivvevvnnnnn. .. Chester, Pa.
Potis, Salvator, Jr............... teereeerennnns Chicago, Il
Reed, W. I........cciiiit tiiiinrnnnecnannns St. Paul, Minn.
Richards, Chas. R ............cooiiiviiinenns Brooklyn, N. Y.
Schmid, Albert .............coiiiiiiiiiiann. Pittsburgh, Pa.
Sheldon, Wm. H............coiviiiiines oune New York City.
Simpeon, Wm. L..........coiiiviiiiniiiin.., Philadelphis, Pa.
Smith, Robert W........c.coiiieiieniinenn... Wilmington, Del.
Spaunlding, H. C.......cooviiiiiiiienennennnns Boston, Mass.
Suppes, Max. M........ eeeeeretecetennnaeans Johnstown, Pa.
Swenson, Wathier................oioiiii, New York City.
Thackray, Geo. E ... ........... ..ol Johnstown, Pa.
Theil, Chas.....coociie cieiiineenncneennanns Chicago, 111
Tobey, Wm. L........cc....... e Boston, Mass
Vivian, Simon .......ccciiiiiiiiiiiiiiiaea.s Brooklyn, N. Y.
Wales,Chas. M.......c.oiiiiiiiits toennnn New York City.
Wallace, Wm..........cviiiiiinninnnnnnnnn. Ansonia, Conn.
Whitney, Edwin H..............cooiiieaaat. Providence, R. L.
Wright, Ernest N....oovviiiiiiiiiinnnnennnns Boston, Mass,
ASSOCIATES.
Foster, Chas, E......... cetestacasanans ceeies Waslington, D. C.
Foster, Rufus J... ..... teeseseetcaietesnannn Scranton, Pa.
Roux, Paul........coccviieniineccnonnnnanas Paris, France.
Stratton, W. H.....oiiiiinriinnnneinannnnnns Providence, R. I.
Ware, Justin A..............ccuunnn s Worcester, Mass.
JUNIORS
Bailey, Chas. L..... Ceeieneiiiiietiiee seoans ‘Washington, D. C.
Bardwell, A. F.. .. iiieiiiiiiiiiii e, Stamford, Conn.
Bissell, Geo. W.. . ..oiiiiiiiiiiiiinnnnnnnnn. Ithaca, N. Y
Buchanan, A. W. ... ... ... i, 8t. Louis, Mo.
Chamberlin, Paul M.......................... Waynesboro, Pa.
Cuashman, C. G..........ccivvrnnnnnennnnnns Roanoke, Va.
Grist, JamesE..............c.cciiiiiiiiia., Philadelphia, Pa.
Hollingsworth, Loftus, Jr............. ...... Holyoke, Mass.
Inowye, Yasumaro........covviiiniinniinnnn. Japan.
Johnson, Arthur E............ciiiiiiiiinnn. Stamford, Conn.
Lockwood, E H .........coiiiiiiiiiieinnne. New Haven, Conn.
Shaw, Edwin C.......c..coviiiiiiiiiiiiennen Binghamton, N. Y.
Shepherd, Wm. G..........cciiiiiiiiennnenn. Trenton, N. J.
Snyder, Robert M.........cociiininiinnnn.n. Wilkesbarre, Pa.
Trask. Geo. F. D.....oovviiiiiiiiiineennns Louisville, Ky.
White, Ambrose H...............cccvunnn.. Trenton, N. J.

PROMOTION TO FULL MEMBERSHIP.

Bailey, W. H..............o0oii ceereraneas New York City.
Edwards, Victor E.......... heereenceaseeans Worcester, Mass.
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The Council would further report that an invitation has been
received from the members resident in the city of Providence, R. L.,
inviting the Society to hold its spring meeting, or XXTIIId con-
vention, in that city during the month of June, 1891. It has been
thought advisable that the annual meeting in the autumn of 1891
should be held in the Society’s house in New York, to introduce
its facilities and attractiveness to the membership in due form,

Respectfully submitted
By the Council.

As appendix to report of the Council were presented the follow-
ing copies of minutes referred to therein :

The Council of the American Society of Mechanical Engineers desire, on
behalf of that Society, to express their indebtedness to Mrs. Mary H. Bunker for
the kind feelings which prompted her to present to the Society the well-executed
portrait of her late husband, Alexander Lyman Holley, one of its founders and
most steadfast friends.

While the occasion is one which will not permit an extended review of the
_ efforts of Mr. Holley, in the early formation of the Society, we cannot but con.
gratulate its members, now that they are so pleasantly installed in a house of
their own, in having hung on their walls the portrait of one whose earnest wish
was for its growth and success, and whose pleasant face will serve as a reminder
of the past, as well as an inspiration, for the future.

In tendering the donor, on behalf of ourselves and our associntes, our warmest
thanks for this most treasured gift, we hold ourselves as among those who will
ever keep in plearant remembrance the name of Alexander Lyman Holley,
honorary member in perpetuity, deceased founder of the Society.

By order of the Council,
OBERLIN SMiTH, President.
F. R. HoTTON, Sccretary.

NEw YORK, October, 1890.

To TnE HoN. BERJAMIN F. TRACY, SECRETARY OF THE NAVY, WASHINGTON,
D. C.

Stk :—By direcrion of this Society, a committee, especially appointed for the
purpose, and consisting of friends of the late Captain Ericsson, and officers or
past officers of the Society, has prepared the accompanying memorial, asking
that Congress take action lovking toward the proper acknowledgment of the
great indebtedness of our country, in its time of greatest need, to that great
inventor and engineer.

This memorial is intended to present, as well as language permits, a statement
of the earnest desire on the part of the members and the colleagues of that
distinguished man, that some fitting monument be erected ia memory of the man
and the engineer, to testify to the gratitude which his adopted country frels
toward him ; a permanent memorial of the people and the Government of the
United States ; erected, not to immortalize a name already too well kuown to be
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forgotten, but to give never-failing testimony to the fact that our gratitude is
equally enduring. .

In compliance with the suggestion implied in the communications of the depart-
ment to the chairman of the committee, and by special direction of the Council
of this Society, this memorial is now transmitted to the Navy Department, with
the request on the part of its framers, and of the undersigned, representing the
Society, that it be forwarded to the President, to be by him communicated to
Congress ; preferably with a special message, together with such suggestions or
recommeadations as your department may see fit to offer.

The work of Ericsson was done for the Navy Dupartment directly, and it is,
as you have already remarked, fitting that this document should be passed
through that channel, that it may have the indorsement and re&nforcement of
that branch of the Government to which his great work was most importaut.

We remain, sir, with greatest respect,

Your most obedient servants,
OBERLIN SMITH, President.
F. R. HurroN, Secretary.

To Si2 HENRY BESSEMER, LONDON, ENGLAND.

DEAR Sir: The Council of the American Society of Mechanical Engineers
ackunowledge with great pleasure, on behalf of that Society, their obligations to
you for the portrait of yourself which they have just received through the kind-
ness of Mr. James Dredge, of London.

The American Society of Mechanical Engineers have but recently established
themselves in their own house, in the city of New York, and they are now
engaged in decorating and embellishing the same, with the hope that for long
years to come it will be the home, and as well the centre of interest, of the
Mechanical Engineers of the United States.

Among the regrets of the engineers of our country is that fact that you could
not have made a visit, in connection with the other members of the British Iron
and Steel Institute of Great Britain, and have seen for yourself, and known as eye-
witness, something of the extent and growth of this comparatively young land.
Tuis marvellous growth is, we are glad to think, to a large extent due to the im-
portant invention which bears your honored name.

While the written thanks of a society whose members may duubtless be
somewhat unknown to you may not, of itsclf, convey much cf pleasure, we can-
not but hope that there will come to you something of delight and ratisfaction in
the thought of the fact that your portrait on our walls, three thousand miles
away, will be gazed upon by a vast number of engineers,who hold in kindly ap-
preciation one who, through difficulties and disappointments aund trials which
wouald have shaken the faith and made despondent many another, Las persevered,
upheld by an inspiration unfelt by others, until at last triumphant, you won,
not only for your countrymen, but for all the world, an inestimable boon, and
for yourself a renown which naught else could equal.

It ie with this hope and belief we send you our hearty thanks for your kind
remembrance, and to which we add our own earnest wish that you may live long
to enjoy, not only the honors of our motherland, but as well the respect of engin-
eers the world around. :

By order of Council,
OBERLIN SMITH, President.
F. R. HUTTON, Secretary.
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At the close of the report by Council, the second order of busi-
ness was the report of the Finance Committee of the Society,
presented as follows :

The Finance Committee of the American Society of Mechan-
ical Engineers would respectfully report to the Council the follow-
ing statement of the receipts and expenditures on behalf of the
Society, under their diyection, during the Society year from No-
vember, 1889, to November, 1890:

ANNUAL REPORT

Reccipts.

Initiation Fees....coee.veureeeineerennnnnns ceerense.s $2,505 00
Current Dues .............. teeees seecenecnnns eesess.. 10,162 08
Past DUES.......covvuereaernninncnenseaccssnnens eees 04770
Advance Dues ........co.eieiiiiiiinannnnns [ . 167 11
Sales of Publications. ..........ccooviuinnn tereiiaiiann 653 21
Binding.......c..oiiiiiiiiiiiiiiiae, e teeereanaaens 503 69
Library, Permanent................... ... P 85 00
Library. Carrent........... Ceeeeees seseseesiaeanns ... 30500
Badges. ....iiiiiiiiiiiiiiiiiii ittt eraaeiaeaas 714 58
Engraving ...........ciiiiiiiiiiiia, tereiteeenenes 118 01
Life Membership......c.vveeieierrieinccranne connannnns 800 CO
Sinking Fund....... ..ottt iiiiiiiiiiie 808 50
Profitand Loss .......ccvvvvvennnnn eeeestesieasacanes 5 00
Rent....oieiiiiiiiiiiitiiei i iiiiiiiiiieiinesaaaes 847 50
Work of Committees..........cccovveiereretrseionacnns 5 00
Interest in Savings-Bank..........cciceeiiiiiiinaiinns 85 08
Balance, November, 1889........ eearesens eeceecennes 277 4

$17,720 40

Ezxpenditures.

General Printing and Stationery..............c.. 0000 101771
Printing Transactions.........cc.cciiviiiinninincnnnns 4,761 15
Postage ............... Ceteeiereetacannans teresesenans 685 59
Library .....cco0.0enee cegeertereiititatiiaieies cesees. 164 55
Balaries. ......cociiiiiieiiinnanns teessessacatisocsans 8,918 25
Office Expenses......cccccviieenaenns N 429 42
Engraving. ....cooiiiiiiiiiiiiiis tiiiiieiieiinnea.n 1,057 80
Contingencies. .......ouviuiue viieiiieenneennsenannans, 61 25
Binding..coooeieneerarnreentecroiasanns eerereaeeas 470 70
Meetings......ooiienieiininiriieiieianenaceenennnns 1,041 75
Work of Committees...... ..cciviiiiiereaeseinnnees 167 72
Furniture and Fixtures...........c.coiiiviiveiennnns 686 89
Badges. . ... oottt ciiiieiie i, 695 26
Interest Deposited in Savings-Bank..................... 85 08
Travelling......c.ocov0 tresacetesenntensasestanniians 38 00
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Brought forward ................... ... $15,775 61
Savings-Bank (Library account) ..........ccvuivunnnnn. 815 45
InBarance . .......coeviiiiiir ceiiiiiiii e 24 00
Rent........oooiiviin tiiiiiinnen ettt 1,568 31
Balance, November 1,1890..........00cvvvvnininn... 87 08

$17.720 40

There also remains uncollected dues from members to the
amount of $176, from nine members resident in this country and
four resident abroad. There is no doubt of the collectibility of
this sum, and the committee would call the attention of the
membership to the fact that there has been inaugurated the
practice of drawing upon the members for their dues when eleven
months overdae. ’

The amount in previous years uncollected at the end of the
fiscal year has almost always been in excess of $700, and the
Society is to be congratulated upon the healthy and interesting
condition of the organization, when out of a membership of nearly
twelve hundred, when this report is made, there should be only
nine persons behind in their annual dues.

There stands also to the credit of the Society, for its Library
Fund, the sum of $2,163.48, deposited in savings-banks and draw-
ing Jinterest.

Respectfully submitted
By the F iifance Committee.

The next order of business was the report of the Society's
Committee on Library, presented as follows:

REPORT OF LIBRARY COMMITTEE.

While the incorporation of the Mechanical Engineers’ Library
Association, acting in the interest and sympathy with the Society
of Mechanical Engineers in the development of an engineer-
ing library, may perhaps appear to render of less moment the
work of the Library Committee of the A> S. M. E., yet it is the
intention of those in authority in both organizations that their
work should be completely distinct, and that there should be no
abatement in the efforts of the Library Committee to secure, in
particular, gifts of books to the library, and an increase of the
fond for current expenses, for binding of periodicals, exchanges,
ete., which will necessarily draw upon the finances of both organ-
izations.

3
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While the Council of the Society of Mechanical Engineers has
directed that the books under the control of its Library Com-
mittee should be loaned to the trustees of the Library Associa-
tion, that arrangement is purely a business matter, such loan
being a part of the consideration passing between the two organ-
izations in the form of a rent charge for the space occupied in the
library building.

The plan outlined in the original report, in Vol. VI. of the
Transactions, page 11, has been continued through the year, and,
with the interruptions incident to a change of .location, with a
reasonable degree of success. Circulars were sent out in the
beginning of the year, with the bill for the Society dues, to each
member who had not heretofore subscribed. These circulars ex-
plained the scheme of the committee, and were accomrpanied by
a form of agreement as to contributions to the library, in one of
three forms.

First: A subscription to a permanent fund, in installments, if
preferred, for the purchase of books.

To this fund since the last report there have been subscribed
from members as follows :

Vincent G. Hazard, H. H. Scoville.

Second : Subscriptions to an amount of $2 to a fund for current
library expenses, binding of periodicals, exchanges, etc., payable
as an increase of the dues and at the same time.

To this call there have been responses since last report in Vol.
XTI. from members as follows :

s James Atkins, W. 8. G. Buker, William Burnham,

D. L. Barnes, Percy M. Blake, Francis J. Cole,
. Walter L. Clark, James Christie, J. J. Dekiuder,

W. P. Dallett, Edward L. Dent, H. A. Gillis,
Julius 8. Horuig, Edward L. Jones, W. V. Lowe,
Asa M. Mattice, Edward F. Miller, James McBride,
Edward 8. Renwick, <David W. Robb, Edwin Ruud,
Louis Schutte, Coleman Sellers, " Frank L. Shepherd,
Geo. A. Suter, Jesse M. Smith, William W. Snow,
Isaac G. Sowter, Henry R. Towne, A. Verastegui,
Ezra J. Whitaker, Chas. H. Wilcox, H. H. Westinghouse.

There are therefore now 213 members regularly contributing to
this fund, and members not now interested in it are urged to co-
operate in the further extension of this plan, and thus induce
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even more widespread interest in the thoroughness of the
library.
The total available annual income from this fund is now $432.
Third : Direct contributions of books, photographs, drawings,
and manuscripts of value. Under this subdivision there have
been many responses during the year, which the following list is
intended to catalogue, and to cover contributions received since
last report in Vol. XL ;

From R. H. Davies:
Link-Motion and Expausion Gear, by N. P. Burgh, Engineer.
Philosophia Britannica, 1771, 2 vols., by B. Martin.
A Practical Treatise on Railroads, by Nicholas Wood.
Britannia and Cooway Tubular Bridges, by Wm. Fairbairn, C.E.
Essays on Millwork and other Machinery, by Robertson Buchanan.

From H. L. Binsse :
International Centennial Exhibition, 11 vols., by Dorsey Gardner.

From W. C. Lambert :
The Technologist, Vols. 1 and 2, 1870-71, Industrial Pub, Co., New York.

From W. J. Silver:
Key to the Universe, by Orson Pratt.
Current volume of Deseret Weekly.

From B. E. Fernow :
3 copies of Tratman's Report on Metal Track.

From R. H. Thurston :
Patent Office Reports from 1847 to 1835, inclusive.
Journal of Franklin Institute for 1863-64-65-67, and two numbers of 1860,
viz. : July and August.
Set of Spanish drawings,

From Warren 8. Locke:
The Five Orders of Architecture, 1 vol., by Giacomo Barezzi.

From Aug. W. Colwell :
Pateot Office Reports and Official Gazette, 91 vols., including General
Index from 1790 to 1878.

From J. M. Allen:
Hartford, Conn., as a Manufacturing, Business, and Commercial Centre,
1 vol., by Hartford Board of Trade.

From Mrs. Mary H. Bunker, through Mr. L. G. Laureau:
8 years of Zerah Colburn’s American Railway Review.
2 years of Mann & Holley’s Railroad Advocate. .

From 8. W. Robinson:
Appendix, 1884-5, Special Reports to the Commissioner of Railroads and
Telegraphs of Ohio,
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From R. H. Thurston :
Paris/Bibliotheque Scientifique Nationale.
Histoire de la Machine & Vapeur, Vols. 1 and 2, bound.

From J. Hirsch :
Lecons sur les Machines & Vapeur. Paper, Vol. L.
Reports du Jury Internationale, Group 4, Class 54.
Les Machines et les Appareils. De La Mechanique Generale.

From M. J. Hirsch:
Notice sur les Elevateurs et Plas Inclines pour (‘anaux.
Note sur L'Explosion D'eine Chaudiere & Vapeur.
Frein Continu Systeme Wagner.
Theorie des Machines Aerothermiques.
Rapport Commission Centrale des Mach & Vapeurs.
Rapport Congress Internationale de Mechanique Applique.
Annales des Conservatoire des Arts et Metiers.
Reservoir des Mettersheim Deversoir Syphon.
Rapports Deleguees du Ministre des Trnaux Publics, de France sur les

Traaux du Congres. )

From J. F. Klein :
The Law of Proportionate Resistances.

From Anon: )
Catalogue Junior Engineers Society of L.ondon.
Electric Cable Traction.
Journal of Engineer’s Society, Lehigh University.

From C. E. Billings:
Hartford, Conn., Board of Trade Circular, 1889, bound.

From De Volson Wood :
Thermodynamics, Second Edition, bound.

From Dwelshauvers-Dery :
La Machine a Vapeur. Pampblet.

The library still needs Vol. I of Engineering of London, having
acquired Vol II. during the course of the year.

The series of the Journal of the Franklin Institute begins with
Vol. XXIX. for 1855, and is complete to the end of Vol. XXXIX.,
1860. There is then a gap to Vol. LV., January, 1868, after which
the series is complete to date. Members who may be able to supply
the missing volumes of this series are cordially urged to interest
themselves in doing so.

The following is a résumé of the finances of the Library Fund
of the Society, from its establishment in 1854 to date :

There has been actually paid in as cash to the Library Perma-
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nent Fund and reported in previous reports of the Treasurer and
Finance Committee:

For the year 1884-85........cccovieiiiiniiiinaiennnnns $408 40
R T L. 110 00
R L - 145 00
R L. . 7 e 95 00
L *  (gift of Philadelphia Committee)... 206 86
e 188889, .. L.iiiiiiiiiiiiee vh ceeieenen. 89 00
B {1 85 00
AL ‘  (transfer from current fund)........ 280 45
L *“  (transfer from current fund)........ 9 25

Interest account previously rendered.......... $178 84

Interest to July 1, 1890................ [

To the fund for current expenses the payments have been as
follows :

For the year 1884-85......... eeteeitetateeeetaatennan $164 00
SR D L. 1 L At 254 60
e T (- 266 52
S - 301 00
¢ttt 1888-89.....iiiiiinen. . et 836 00
S 1889-90. .. iiiei e ereeeeeen 395 00

Total current Expense Fund........cocoviviiiiininn.n, $1,717 12

Total Permanent Fund........ccovvveeneeennrenenneans 1,861 88

Grand total. .. ....c.iiiiiiiiiienenneecinenanns . $8,379 00

The sums which were not to be immediately ex-
pended were put in savings-banks by order of
the committee, and have been there accumu-
lating interest, as the above memorandum
indicates,

The disbursements on account of the Library
Funds for the purchase of baoks and binding
of exchanges and periodicals, bas amounted in

Previous YearS t0....o..cvvvvvn cvveneeannnnn $741 27
Add expenditure this year..... Ceerrreitareenes 164 55
Total expenditure. ...... ..cooovveuenen. $905 82

Transferred from Current to Permanent Fund.. 309 70
—_ 1,215 52

So that in the savings-banks is a balance of... .. $2,168 48
as per the Report of the Finance Committee
given elsewhere.

The Library Committee would also call attention to the »ésumé
at the end of its report, of the report of the Mechanical Engineers’
Library Association, which is to be presented at its annual meet-
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ing in New York shortly, for the information of those who are
members of that association.
The following is a list of exchanges which are continually on
file in the library :
SOCIETIES, AMERICAN.

American Society of Civil Engineers, New York City.
American Institute of Mining Engineers, New York City.
American Institute of Electrical Engineers, New York City.
Associated Engineering Societies, St. Louis, Mo,

Boston Society Civil Engineers, Boston, Mass,

Society of Arts, Boston, Mass.

Canadian Society Civil Engineers, Montreal, Canada.

Civil Engineers’ Association of Kansas, Wichita, Kan.
Eugineers’ Club of Kansas City. Kansas (iiy, Mo.
Engineers’ Soclety of Western Penua., Pittsburgh, Pa.
Engineers’ Club of Phila., Phila., Pa.

Franklin Institute, Phila., Pa,

Indiana Society Civil Engineers and Surveyors, Remington, Ind.
Master Car Builders’ Association, New York City.
- U. 8. Naval Inatitute, Annapolis, Md.

Technical Society of Pacific Coast. San Francisco, Cal.
American Society of Naval Engineers, Washington, D.C.

SOCIETIES, FOREIGN.

Iron and Steel Institute, London, England.

Institute Engineers and Shipbuilders of Scotland, Glasgow, Sootland
Institution Civil Engineers of Great Britain, London, England.
1nstitution Mechanical Engineers of Great Britain, London, Eugland.
Institution Civil Engineers of Ireland, Dublin, Ireland.

Ingenoirs, Forenginens, Forhandlinger, Stockholm, Sweden.

Liverpool Engineering Society, Liverpool, England.

Mining Institution of Scotland, Hamilton, Scotland.

N. E. Coast Inst. Eng. and Shipbuilders. Newcastle-on-Tyne, England.
North of Eng. Inst. of Mining and Mech. Eng., Newcastle-on-Tyne, Eng.
Polytechnic Society of Norway, Kristiana, Norway.

Sociéte des Ingenieurs Civils France, Paris, France.

Annales du Conservatoire des Arts et Metiers, Paris, France.

JOURNALS, AMERICAN.

American Machinist, New York Cite,

American Engineer, Chicago, Iil.

American Journal of Raiiway Appliances, New York (ity.
American Miller, Chicago, Il

Boston Journal of Commerce, Boston, Mass.

Chicago Journal of Commerce, Chicago, 111.

Eogineering News, New York City.

Eungineering and Miuing Journal, New York City.
Electric Power,
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Electrical Review, New York City.

Fire and Water, New York City.
Industrial World, Chicago, 111
Mechanics, Philadelphia, Pa.
Manufacturers’ Guzette, Boston, Mass.
National Car Builder, New York City.
Power, New York City.

R. R. and Engineering Journal, New York City.
Railway News, New York City.

R. R. Gazette, New York City.

Steveus Indicator, Hoboken, N. J.

The Locomotive, Hartford, Cona.

The Locomotive Eugineer, New York City.

JOURNALS, FOREIGN.

Architektu’ 8’ Inzenyru’, Prague, Bohemia.
Engineering, Loudon, England.

Engineer, The, London, England.

Electric Review, London, England.

Qiornal del (Genio Civile, Rome, Italy.
QGlaser’s Annalen, Berlin, Germany.

Indian Engineering, Caleutty, E. I.

Tron, London, England.

Industries, London and Maunchester, England.
L’Industria, Milan, Italy.

Practical Engineer, Manchester, England.
Proceedings Royal Tech. Mech. Laboratory of Instr.
Stahl und Eisen, Diisseldorf.

The Transactions of the Society may also be found in the fol-
lowing institutions, to whose libraries they are regularly sent,
either as donations or in return for certain publications issued
by them :

Stevens Inst. Tech., Hoboken, N. J.

Fisk University, Nashville, Teon.

Vanderbilt University, Nashville, Tenn.

Royal Technical Institution of Research, Charlottenburg, Germany.
The Yorkshire College, Lecds, England.

Arkansag Industrial University, Fayetteville, Ark.

Barean of Naval Intelligence, U. 8. N., Wacshington, D. C.

Ohio State University, Columbus, Ohio.

American Institute, New York City.

Rensselaer Polytechnic Institute, Troy, N. Y.

Sibley College, Cornell University, Ithaca, N. Y.

Guiveraity Library, Cornell University, Ithaca, N. Y.

University of Illinois, Champaign, Iil.

U. 8. Naval Observatory, Washington, D. C.

U. S. Patent Office, Scientific Library, Washington, D. C.

C. 8. Patent Office Library, London, England.

Massachusetts Inct. of Technology, Boston, Mass. (Society of Arts.)
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Conservatoire des Arts et Metiers, Paris, France,

Free Public Library, Worcester, Mass.

Purdue University, Lafayetie, Ind.

University College, London.

University of Michigar, Ann Arbor, Mich.

Columbia College Library, New York City.

Lehigh University, Bethlehem Pa.

McGill University, Montreal, Can.

Iowa Agricultural College, Ames, lowa,

Glasgow and West of Sc;tland Tech. College, Glasgow, Scotland.
Smithsonian Institute, Washington, D. C.

Verein Deutscher-Eisenhuttenlente, Dusseldorf, Germany.
Mechanic’s Institute, San Francisco, Cal.

Sheffield Scientific School, Yale College, New Haven.
Pratt Institute, Brooklyn, N. Y.

University of Wisconsin, Madison, Wis.

Free Public library, Providence, R. I.

University of Minnesota, Minneapolis, Minn.

University of Tennessee, Kuoxville, Tenn.

Washington University, St. Louis, Mo.

The success of the practice inaugurated in 1889, of having the
Society library open in the evenings, has been unmistakable,
and has had a decided influence in inducing the trustees of the
Library Association to continue the practice, which the Society
of the Mechanical Engineers inaugurated.

The library building ard the offices of the Society are open
until ten o’clock every evening, with the exceptions of Sundays,
Thanksgiving, Christmas, and the Fourth of July. Whether the
evening openings shall also be maintained during the months of
July and August will remain a matter of experiment, which the
use made of the library hereafter will be allowed to deter-

mine.
Respectfully submitted

By the Library Commuttee.

As appendix to the Library Report was presented the following
transcript, altered before publication to state the condition of the
finances of the Library Association at the date of its annual
meeting at the end of November, 1890 :

SumMARY OF REPORT OF BoARD OF TRUSTEES OF THE MECHANICAL
ENGINEERS’ LIBRARY ASSOCIATION.

The Trustees of the Mechanical Engineers’ Library Association

received the title from the Trustees of the New York Academy of

Medicine to the house and lot, No. 12 West Thirty-first Street, at
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noon on the 8th of May, 1890. The price for the building and

lot, with library shelves and a certain amount of furniture, was
fixed at $60,000, of which $33,000 was left by the former owners
upon a first mortgage, and the balance, $27,000, was paid in cash,
contributed for this purpose by the friends of the library move-
ment. This money was raised by the sale of bonds, covered by
a second mortgage, held in the interest of the bondholders by the
“ Title Guaranty and Trust Company,” of New York.

In order to adapt the house for the uses to which the trustees
designed it, there had to be considerable outlay made in the way
of equipment and decoration, including the working over of the
plumbing of the house, painting, papering, and kalsomining, from
the fourth floor to the basement. The arrangements which the
trustees had made to lease the fourth floor and basement to
another organization fell through without great disappointment
to the trustees, inasmuch as it left these desirable parts of the
house free for other uses; and the only tenants of the library
building are now the American Society of Mechanical Engineers,
and the American Institute of Electrical Engineers, and certain
individuals to whom furnished apartments are let, which they are
occupying as bachelor quarters.

A description of the house and its arrangements has been
already published, and need not be repeated.

The summary of the receipts and expenditures of the trustees
from May to November, 1890, is appended below :

Receipts.
Loan on 18t Mortgave New York Academy of Medicine. $33,000 00
Loans by Bonds covered by Second Mortgage......... 81,500 00
Rent of Offices. .........coocivineiiiiinnniennnnnnns 1,643 81
Rentof Rooms........cocvviveniiieiinniiinnnnnnnnn. 109 62
Sinking Fund..............cociiiiiiiiiiinl, 5 00
Bills Payable........ et tiee it s aisaera s 1,000 00
Fellowship Fund..................... ... e 45 00
Equipment Acoount.................... eeeeereaenes 218 90
$67,821 88
Ezpenditures.
House and Lot, No. 12 West 31st Street :
Paurchase Money Mortgage. .................. ... $33,000 00
L0 7,000 00
Equipment Account :
Furnitare..............ccoiveeinnnn. $1,060 41
Decoration and Plumbing............. 4,331 69
Repairs toold Work.................. 53 15

—_— 5,431 25
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Brought forward..............cciiiiieian, $65,451 25
Contingencies, Searches, Fees, €tC...........coccunnsn 1,485 21
Interest on Mortgage, Jaly 1........c.cviineeienennns 215 60
Insurance, three years..............ccvevveneceianans 48 00
Lighting, Electricity, and Gas...........cccevvienenns 144 11
Fuel...cooovviviiiiiiiiiiinnne. cesseescccncasesnas 159 00
Janitor’s Salary......... Ceeesciscnacencanaannnasans 221 00
‘Janitor's Supplies..........cciiiiiiiiiiien cenennn 105 86
Laundry. . .oociniiiiiiiii it e e ctae e 19 56
Balance, November 28, 1890.............cccc0eiennenes 22 4

$67,821 &8

The Society Committee on “ Standard Flanges” reported prog-
ress, a8 did the Committee on ¢ Uniform Methods of Test,” but
had no formal report to make.

The Committee on “Standards” reported by a telegraphic de-
spatch from its chairman, James W. See, the usuil Congressional
delays.

The Tellers to count the ballot for the officers presented the
following report, which was accepted and ordered on file:

The Tellers of election to count the ballots for officers of the Bociety for the
ensuing year present the following report :
Nevember 11, 1890.

Whole number of Ballots casi........cooivvvinneneenneennn. 465
President............ ....... R W.Hunt................... 463
Vlce-Presndent ................ S. W. Baldwin................. 459
E AR J. F. Paokharst. .............. 462
e A.Gordon............cc00nnnn 467
Treasurer.................... W.H. Wiley........ocvvnnnn. 465
Mamgen .................... A.Fletcher.................... 459
.................... W. R. Warner............... 461
L C. Sellers,Jr......coiveene... 466
Respectfully submitwd,J H W
. WEBSTER, :
G. H. SMrTH. } Tellers.

Geo. H. Barrus, Chairman of Committee on “ Standard Methods
of Conducting Duty Trials of Pumping Engines,” read a discus-
sion of that report by R. H. Thurston, F. W. Dean, A. F. Hall,
William Kent, John R. Freeman, A. M. Wellington, John E.
Codman, and his own reply thereto, after which additional matter
was presented by Messrs. Jacobus, Denton, F. M. Wheeler, W.
M. Barr, and J. T. Hawkins.

Upon the question of the acceptance of the report, it was
explained that the Society’s policy in accepting such technical
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reports and proposed standards was to direct their acceptance
and incorporation in the Transactions as the committee’s mature
opinion, but that the Society did not thereby make itself respon-
sible, nor did it formally adopt the standards recommended.
The report was, on motion, accepted and ordered on the record.

Notice of amendment to Article 31 of the Raules, by D. K.
Nicholson, was presented as follows :

TO THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS, RiCHMOND MEET-
ING, November, 1890 :

Notice is hereby given, according to the rules, that a motion will be made at
the aunual meeting in 1891 to amend Art. 31 of the Rules to read as follows : At
the regular meeting preceding the annual meeting a nominating committee of
five members, not officers of the Society, shall be appointed, and this committee
shall, at least thirty days before the annual meeting, send to the secretary the
names of at least two nominees for each and every office falling vacant under the
rules. In addition to such regularly appointed committee, any five members
or associates, etc., as per printed rules.

Very respectfully,
DavIiD KIRK NICHOLSON,
Steelton, Pa.

Nocember 5, 1890.

This called for no action of the Society at this time, but was
merely read under the rules.

The secretary read the report, in the abstract, of the committee
appointed by a convention of representatives from the leading

» engineering societies, in reference to the establishment of an

Engineering Headquarters, and of holding an international con-
gress in Chicago during the Columbian Exposition in that city.
The complete report is as follows :

REPORT OF CONVENTION HELD IN CHICAGO, OCTOBER 14, 15, 1890, TO CONSIDER
THE ESTABLISHMENT OF AN ENGINEERING HEADQUARTERS AND THE HOLD-
ING OF AN INTERNATIONAL ENGINEERING CONGRESS DURING THE WORLD’S
CoLUMBIAN EXPOSITION, 1892.

The convention met at ten A.M. in the rooms of the Western Society of Engi-
neers, 78 La Salle Street, Chicago, Tuesday, October 14, 1880. The societies
represented and the delegates present were as follows :

THE AMERICAN SOCIETY OF CIVIL ENGINEERS:
Wm. P. Shinn (president), C. L. Strobel, A. E. Hunt.
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS :
Wm. Forsyth, Jesse M. Smith.
THE AMERICAN INSTITUTE OF MINING ENGINEERS :
Wm. P. Shinn, A, E. Hunt.
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CANADIAN SocieETY OF C1viL ENGINEERS :
J. D. Barnett, O. Chanute.

THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS:

E. M. Izard.
THE ENGINEERS’ CLUB OF PHILADELPHIA :

H. W. Spangler, Wilfred T. Lewis, E. V. d'Invilliers.
THE CiviL ENGINEERsS’ CLUB OF ST. Louis:
J. B. Johnson, E. D. Meier, Robt. E. McMnth
CiviL. ENGINEERS' CLGB OF ST. PAUL:
L. W. Rundlett, W. W, Curtis, 8. D. Mason (president).
WisconsIN ELEcTRIC CLUB :
‘Warren 8. Johnson.

ENGINKKERING ASSOCIATION OF THE SOUTHWEST :

E. L. Corthell,
C1viL ENGINEERS' CLUB OF CLEVELAND:

Wm. T. Bluat, John Eisenmann.
ENGINEERS’ CLUB OF MINNEAPOLIS:
Wm. A. Pike, F. W. Cappelen.

THE SocIETY OoF CIVIL ENGINEERS, PAurs, FRANCE:

E. L. Corthell.
THE ENGINEERS' SOCIETY OF WESTERN PENNSYLVANIA :

A. E. Hunt,
TuE WEesTERN SOCIETY OF ENGINEERS :

0. Chanute, D. J. Whittemore, E. L. Corthell, C. L. Strobel.

Mr. E. L. Corthell explained the object of the meeting, and the following
letters were read by the secretary :

OFFICE OF THE DIRECTOR-GENERAL, WORLD'S COLUMBIAN
ExposIiTiON, PULLMAN BUILDING,
Cnicaao, Iur., U. 8. A.,October 9, 1890.

MR. J. W. WESTON, SECRETARY WESTERN SOCIETY OF ENGINEERS, 78 La
Salle Street, Chicago.

DEAR SiR : Having been informed by Mr. E. L. Corthell that it is proposed to
Lold an International Engineering Congress in Chicago in 1898, and that it is
desirable that this congress be held under the auspices of the World's Columbian
Expo-ition, I wish to say that the holding of this congress meets with mny hearty

. approval, and that I will furtler its interest so far as I may be able to do so.
Yours very truly,
[Signed] GEo. R. DAvis,
Director-General.

SECRETARY’S OFFICE OF THE WORLD’S COLUMBIANX EXPOSITION,
CHICAGO, October 11, 1890.
JOHN W, WEsTON, EsQ., SECRETARY WESTERN SOCIETY OF ENGINEERS, 78
La Salle Street, Chicago.
My DEAR Stk: I am informed by Mr. E. L. Corthell, chairman of a commit-
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tee of your society, on a proposed International Engineering Congress, to be held
in this city in 1898, and am now more fully informed by you of the object of this
congress. You derire to know if the Directory of the World’s Columbian Expo-
sition approves of this congress being held, and of its being held uunder the
auspices of the Exposition, your society making arrangements for the assembling
of the congress, and providing for sach expense as may be incurred, the Expo-
sition, however, to furnish such suitable building or hall as it may have, or con-
trol, for the use of the congress.

The matter was laid before the Directory last evening at its regular meeting,
and your wishes in the premises explained.

Iam requested to inform you that the Directory heartily approves of your par-
pose, and will do what it can properly to make the congress a thorough success.

I will be glad to confer with you at any time in that behalf.

With great respect, I have the honor to be,
[Signed] BENJ. BUTTERWORTH,
Secretary.

——

8ocIETY OF C1viL ENGINRERS, PARIS, FRANCE.
PaRis, September 22, 1890.

MR. PRESIDENT: In reply tn yours announcing the convention to be called
by the Western Society of Engineers, Chicago, October 14 next, to consider an *
International Engineering Congress to be held in 1893, at the celebration of the
400th anniversary of the discovery of America, I regret to say your invitation to
us arrived too late to advise our colleagues in France in time to enable any of
them to report in your city on the date named.

In fact, our society has been on vacation since August, and will not meet again
until October.

But we thoroughly believe that our society should he represented at your coun-
vention, and we have written to our corresponding member in Chicago, Mr. E.
L. Corthell, to accept the office of delegate from the Society of Civil Engineers
of France, on that occasion. We shall then be very certain of our representation.

With most sincere wishes for the fall success of your important enterprise,
and with fraternal good will,

Yours truly,
V. CONTAMIK,

President.
To L. E. CooLEY,

President Western Society of Engineers, Chicago, U. S. A.

After organization and discussion, a committee was appointed to formulate a
plan and to report to the convention, which adjourned to meet again next
morning.

October 15. The following report was submitted :

CHICAGO, ILL., October 15, 1896.

To THE CHAIRMAN OF THE CONVENTION OF DELEGATES FROM ENGINEERING
SocIETIES OF THE UNITED STATES AND CANADA.

DEAR SR : Your committee on plan for establishing and maintaining a joint
Engineering Headquarters in Chicago in 1893, during the World’s Columbiau



80 ' PROCEEDINGS OF THE

Exposition, and for holding an International Engineering Congress at some time
during the Exposition, beg leave to report :
It finds itself unable to present at this time more than a brief outline plan.
The proposition advanced by the committee of the Western Society of Engin-
eers to this convention yesterday embodies our views, with some changes which
we have made in the plan herewith submitted :

First : Engineersing Headgquarters.

In view of the existence in this country of several large engineering societies of
high rank which will desire the use of headquarters for their own members, and
for the entertainment of foreign visitors, and the inconvenience and expense which
would result from the maintenance of separate establishments, we think it very
desirable that all the engineering societies of recognized standing in the United
States and Canada be requested to unite in establishing and mnaintaining a joint
Engioeering Headquarters during the continuance of the Exposition.

The Exposition management will probably furnish space free of charge within
the Exposition buildings, but it may be deemed advisable to provide additional
quarters outside ; the headgunarters to be a rendezvous for all the members of
the engineering societies in this country, and their use to be freely tendered to
all foreign engineers.

It is expected that the staff shall consist of a joint secretary and two or more
assistants, some of whom shall speak the principal European languages. The
staff to be charged more especially with :

(@) To give information concerning the location of various engineering exhibits
within the Exposition.

(b) To give visiting and foreign engineers information about points of engineer-
ing intereat outside of the Exposition, and to aid their investigations in other
ways.

(¢) To give visiting and foreign engineers introduction to those whom they
may desire to meet, and to promote social intercourse.

(d) To keep a record of the addresses of visitors, and to invite them to the
International Engineering Congress hereinafter outlined. .

It is estimated that the expense will amount to about $10,000. This, it is sug-
gested, may be met by an assessment of one dollar per member on each engineer-
ing society of this country which shall join this proposed association, and also
by voluntary contributions. The details to be hereafter adjusted.

It is evident that this plan will be far more economical than that of maintain-
ing separate headquarters by the several societies.

Becond : Bngineering Congress.

At some time, to be hereafter designated, during the Columbian Exposition, it is
proposed to hold within the Exposition, in a building which the management
thereof proposes to furnish, an International Engineering Congress open to
engineers of all nations. This congress to last six days and to be conducted in
the English language.

The opening session of welcome and organization to be a jolnt session, and if
warranted by the attendance and the number of papers offered, the congress
then to be divided into sections to consider and discuss the various branches of
Civil, Mechanical, Mining, Metallurgical, Electrical,” Military, and Naval Engin-
eering.
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A chairman and secretary for each section to be designated in advance, and
the sessions to be so timed that papers and discussions on allied subjects shall not
occur simultaneously so as to preclude those interested from attending several
sections.

The congress to terminate with another joint session.

All papers, so far as practicable, to be furnished in advance, to be carefally
examined by the proper committees under rules to be hereafter laid down, and, if
found acceptable, to be printed for distribution in advance to the members of the
congress, at which they are to be chiefly read by title so as to admit of immediate
discassion.

Intending contributors to be requested to confine their papers, so far as possi.
ble, to such new and recent constructions, machines, processes, methods, experi-
ments, and investigations, including proposed standards of tests and measurement,
as are of engineering importance. Papers on purely speculative subjects should
ot be received.

A small fee (say $2.00) to be paid by members attending the congress, to defray
its expenses. The papers and discussions to be subsequently printed and
furnished to such members asuanay so request at a stipulated price.

A Permanent Committee to be chosen in advance, to organize the above pro-

posed headquarters and congress.
Respectfully submitted,

N E. L. CoRrTHELL,
O. CHANUTE,
Jesse M. SmITH,
D. J. WHITTEMORE,
C. L. STROBEL,
W. W. CURTIs,
J. B. JOHNSON.

The report was unanimously adopted in the following resolution :

Resolved, That the report of the committee on an International Congress and
joint Headquarters be accepted, and that we report the same to our respective
societies, with the recommendation that action in approval or in disapproval of the
same be taken within the next two months, and that we desire the present com-
mittee to be continued with power to carry on the correspondence and organiza-
tion until its successor is appointed.

In furtherance of the plan adopted the following resolution was passed by the
convention :

Resolved, That it is the sense of this convention tbat the geueral permanent
committee on International Congress and Engineering Headquarters be composed
of one member from each of the societies which shall join in the plan, except
that the American Society of Civil Engineers, the Americau Society of Mechanical
Engineers, the American Institute of Mining Engineers, the American Institute
of Electrical Engineers, and the Canadian Society of Civil Engineers may each
appoint two members, and the Western Soclety of Engineers may appoint three
members of such committee,

The following resolutions were also passed ¢

Resolved. That the secretary be instructed to prepare minutes of the proceed-
ings of this convention and the resolutions adopted, and that he, as soon as possi-
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ble, have the same printed and sent to each delegate, and the secretary of each
of the societies represented.

That the Executive Committee of the convention be empowered to call the first
meeting of the delegates provided for in the resolution adopted, at such time as
they may see proper after January 1, 1891.

JorN W. WESTON,
Secretary.

Jesse M. Smith, the representative of the Society in the Conven-
tion, spoke in explanation of its action as follows:

Mr. Jesse M. Smith.—As a member of the committee which
was sent to the conference in Chicago, I wish to make a state-
ment. It was understood from the beginning that nothing
that was done at the conference should in any wise be bind-
ing on any of the societies there represented ; that the meet-
ing was simply one for conference, and was held for the purpose
of talking over what might possibly be done with a view to a
closer relation of the various engineering societies during the
World's Fair ; and to discuss the possibility of an Engineering Con-
gress being held during the Exhibition and in the Exhibition build-
ing. Tke questions were very fully discussed, as already stated
in the report, and the recommendations which have been printed,
and read to you by Professor Hutton, were very fully indorsed.
It was proposed that a permanent -committee, the delegates to
which would be appointed by the different societies, would take
the place of the committee chosen by the conference which met
at Chicago, and that the delegates which were sent by the different
societies should be sent with power fully to represent their respec-
tive society and to do whatever seemed best for the interests
of their society. I have received from Mr. Chanute, who was
president of the convention, a statement of the number of socie-
ties which would probably be asked to join in the movement.
There are the four national American societies, the Society of
Civil Engineers of Canada, and sixteen other local societies—that
is, having their headquarters in the diflerent prominent cities of
the country, New York, Philadelphia, Boston, Chicago, ete. Of
these sixteen, the Western Society of Engineers, which sent out the
invitation for the conference, is counted as one. It was the senti-
ment of the conference which was held in Chicago, that, as the
Chicago Society is to bear the brunt of the hard work to be done,
it seemed no more than fair that it should have a larger represen-
tation than the other local sociaties.
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The President.—What is the membership of the Western Society,
Mr. Smith?

Mr. Smith.—The Western Society of Engmeers is put down on

the list sent me by Mr. Chanute as having 318 members ; the Am-
ericau Society of Civil Engineers as having 1,013 ; our own society
as having 840, which is evidently a mistake, for it already num-
bered at that time over 1,000, and at the present time it numbers
over 1,200 members. The American Institute of Mining Engineers
isput down on the list as having 1,636 ; the Canadian Society, 265.
The local clubs vary in membership from 482, in the Philadel-
phia club, to aslow as 32, in the Civil Engineers of St. Paul. The
representation as set forth in this report would stand as follows:
The five national societies, two members each—ten members ; the
fiteen clubs, fifteen members; and the Western Society, three
members ; making a total of 28 members on the permanent com-
mittce. Of course, the permanent committee would divide itself
into working commiittees as it thought proper.

On motion, the report was approved by the Society, and under
its acceptance the Council will appoint its permanent commxttee
to represent the organization.

Henry L. Binsse presented the following letter in reference to
the issue by the Society of a technical handbook. The proposi-
tion received little discussion, and was finally laid on the table.

NEWARK, N. J., Norember 6, 1890,

F. R. HcrroN, EsqQ., SECRETARY AMERICAN SOCIETY OF MECHANICAL EN-
GINEERS, NEW YORK CITY.

DEaR SIR : A year or 8o ago my attention was called to n German engineers’
maoual by the remark of a S8wedish engineer that it excelled every other book
on the rubject. An examination of the work disclosed that it differed very
widely in its plan from all of our well-known and excellent hand-books.

It is publizhed by the German engineers’ society called Hiltte, being edited
by 2 committee chosen from the scciety, and the discussion of cach topic has
been intrusted to one or more experts in each field of engineering. Twenty-nine
names are mentioned in the present edition of those who have added new sub-
ject-matter to the work, from which may be estimated the large number of men
who have taken part in the work. It stands to reason that the work of <o many
mirds, each one excelling in its epecial study, should be more complete, more

, correct, and far morc useful than a hand-book written by a single author, no
matter how talented and capable he may be. I have thought that the book
might be made available 10 American engineers by a translation ; but a short
inspection shov:ed that it would have to be re@dited and many chapters rewritten
inorder to make tae book a useful one for thiscountry. The value of a book of this
kind peeds neither argument nor proof. The book has run through fourteen
editions in Germany, and it seems probable to me that a work on a similar plan

8
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should meet with an equal success here. ¥ suggest, therefore, that the American
Society of Mechanical Engineers might undertake for the United States what the
Germans have done for their country, and compile a similar manual, restricting
the field, however, to Mechanical Engineering only. It is thought that such a
work would not only be a great aid to the advaucement of the profession, but
that it would add also to the good name of the Society.

It is clear that our own hand-books have outlived a portion of their useful-
ness, for I am assured that a well-known engineer, a member of this and other
societier, has been engaged by a publishing firm to compile a new hand-book,
and he is busy with that work at present.

The first and perhaps the strongest objection to the plan is the practical one
that our engineers are very busy men, and that it would require from them a eacri-
fice of time. Have, then, the German engineers a greater love for their profession
than we have? Is their professional feeling stronger and are they more willing
to sacrifice a part of their time than their American professional brethren? It
maust be borne in mind also that while the book would represent a great deal of
labor when taken altogether, the amount of work of each contributor would not
be very large.

It seems to me that the heaviest burden would be borne by the Committee.

I do not wish to wander beyond the limit which I et for myself, which was
merely to present the suggestion for the consideration of our members. So I
conclude with the earnest wish that this suggestion may bear a useful fruit for
the Society.

Very respectfully yours,
HexRY BINssk.

I append certain details and the table of contents.

The German hand-book is divided into two parts; the first consisting of eight
chapters, 771 pages, devoted to mathematics, mechanics, heat, strength of mate-
rials, strains in girders and similar structures, machine construction, and motors.

The second part, 573 pages, treats of surveying, railways, architecture, ship-
building, iron metallurgy, mill-work, and electricity. to which several tables are
added. It will be seen that this field is very large, and that the second part has
nothing to do with mechanical engineering, if we except a few chapters like those
upon the locomotive and wire-rope transmission. Therefore, the proposed work
would be only one-half of the size of the German Land-book. The American
manual ought to have a great advantage over the German one by this concentra-
tion.

In conclusion, I offer the following table of contentsof Part I. from the Ger-
man hand-book, s0 that you may form an idea of the scope of the book and its
possibilities for usefulness.

FIrsT DIvisiON, MATHEMATICS, 115 PAGES.
I. Tables.
1I. Arithmetic.
III. Trigonometry.
IV. Calculus.
V. Analytics.
VI. Kinematics.
VII. Mensuration.
VIII. Axonometic Projections.
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8Ecoxp DrvisioN, MEcHANICS, 101 PaGEs.

I. Statics.

11. Dyoamics.
II1. Hydrostatics.
IV. Hydrodynamics.
V. Aerostatics.

V1 Aerodynamics.

THIRD DIvisiON, HEAT, 24 PAGEs.

L General formula and tables.
I1. Mechanical theory of heat.

FourTH DIivisioN, THEORY OF STRAINS, 74 PAGES.

L General laws and constants.
1L Tension and compression.
IIL. Rhearing.
IV. Bending.
V. Torsion.
V1. Compound strains.
VIL Strength of vessel walls, and flat bodies.
VIII. Springs.

Frrra DIvISION, STATICS OF CONSTRUCTION, 71 PAGEs.

L. Calculation for bridge and roof constructions.
II. Earth pressure.
II. Arches.
IV. Choice of safe coefficients.

V. Safe loads for bridges and roofs.

SIxTH DIVISION, PARTS OF MACHINERY, 132 PaAGEs.

L Connections, keys, screws, and rivets.
II. Machine parts of rotations, tooth and friction gearing, belt and rope
driving, pivots, journals, and rollers, couplings and bearings.
III. Ropes, belts, chains, together with drums and rolls.
IV. Brakes.
V. Machine parts for receiving and conducting fluids ; pump and press cylin-
ders, pipes, and valves,
VI. Pistons, piston-rods, and stuffing-boxes.
VIL. Crank motion.
VIII. Regulating machinery, fly-wheels, centrifugal governors.

SeveNTH DiIvisioN, TooLs, 74 PAGEs.

I. Machine tools : iron-working tools, wood-working tnols.
11. Lifting machinery : pulley blocks, windlasses, cranes, power cranes.
L. Hydraolic lifting machinery : hand power, machine power, hydraulic
cranes, direct working plunger lifts.
IV. Hoists : winches, and power hoists.
V. Lifting machinery for fluids : water engines, pumps, and lifting pumps.
VL. Veutilating machinery : fans and blowers.
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E1GHTH DrvisioN, POWER MACHINERY, 148 PAGESs.

I. Animal motors.

II. Water Motors : vertical water wheels, turbines, and turbine construction.
I1I. Steam engines : calculations, valve motions, and particulars concerning.
IV. Boilers : general data, principal systems ard particulars concerning.
Laws : principles and directions for boiler and steam-engine trials:

The size and type of the German manual is about the same as that of Traut-
wine.

A paper by W. H. Adams, member elected at this meeting, was .
taken up by special vote of the Society, in advance of other papers,
in view of the interest of the paper in connection with the excur-
sion of that afternoon. This paper was entitled “ An Engineer-
ing Problem at Richmond, Va.,” but elicited no discussion.

Two other papers were read before ndjournment, by Frank Van
Vleck, of San Diego, Cal., entitled “ Light Cable Road Construc-
tion,” and by Professor Thurston, entitled “ Authorities on Steamn
Jackets.” The discussion of this latter paper was adjourned
until the evening session, the afternoon being devoted.to an ex-
cursion upon the James River.

TrIRD SESSION, WEDNESDAY, NOVEMBER 12, 8 P.M.

Professor Thurston’s paper on “ Steam Jackets ” was discussed
by Professor Denton and Mr. Scott A. Smith.

Professor Thurston’s paper on “ Chimney Draught” was dis-
cussed by Professor Denton.

Mr. T. R. Almond read a paper entitled “ A Novel Form of
Flexible Tubing,” and Professor Carpenter’s paper on *“ Heat
Transmission through Cast-iron Plates” was discussed by Pro-
fessor Denton and Mr. W. M. McFarland. .

Three papers by Professor Wood, “ Some Properties of Am-
monia,” “ Theoretical Investigation of the Efficiency of Vapor
Engines,” and “ Mechanical and Physical Properties of Sulphur
Dioxide,” and one by Professor Jacobus, “ Experimental Deter-
mination of the Latent Heat of Ammonia,” were presented, but
elicited no discussion.

James McBride read a paper on “ Automatic Regulation of
Injection Water,” which was discussed by Messrs. Wheeler, Web-
ster, Grimm, and Engel.

At the close of these papers, the “ Topical Question” was
taken up: “Is there any reason why corrosion should be more
active in cne place rather than another inside of a steam-drum
properly piped to connect several boilers in a battery ? ”
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This was discussed with blackboard illustrations by Messrs.
McBride, Stirling, Babbitt, Nason, Grimm, Engel, Barr, Hawkins,
E. F. C. Davis, F. M. Wheeler, Scott A. Smith, G. R. Henderson,
and J. W. McElroy.

FourTH SEssioN, THUBRSDAY, NOVEMBER 13.

The fourth and concluding session for papers was called to
order at 9.30 o.M, in the Assembly Hall of Exchange Hotel.

A paper on “ Hydraulic Hoisting Plant for Brooklyn Sugar
Refinery” was read by L. G. Engel, and that on *“Hydraulic
Travelling Cranes” received discussion by Messrs. Engel, D. G.
Moore, and Huston.

A paper on “ Rope Driving,” by C. W. Hunt, was discussed by
Messrs. Samuel Webber, T. S. Miller, Scott A. Smith, Grimm,
and Denton.

John H. Cooper’s paper on.* Accident-Preventing Devices for
Machinery ” was discussed by J. L. Gobeille and Oberlin Smith.

Amnbrose Swasy’s paper on “ New Process of Generating and
Cutting Teeth of Spur Wheels ” was illustrated by samples, and
was discussed by Messrs. Kimball, Oberlin Smith, Hawkins, Den-
ton, McFarland, and Tompkins.

A paper by G. W. Bissell, entitled “Interesting Experiments
with Lubricants,” was discussed by Messrs. Thurston and Denton.

Professor Denton presented two papers: ¢ Performauce of
Seventy-five-ton Refrigerating Machine,” and * Special Experi-
ments with Lubricants,” and that by W. A. Bole, on “ Single-
Acting Compound Engines,” received no discussion.

At the close of these papers, the following resolutions were pre-
sented and carried unanimously with acclamation, whereupon the
president announced the meeting adjourned :

Resolved, That the thanks of the Society be tendered to his Honor J. Taylor Elly-
son, mayor of the city of Richmoud, for the noble and full-hearted welcome to
the hospitality tendered by Lim in behalf of the citizens and for the freedom of
the city so generously given. Our closer acquaintance with our friends of the
South has not failed to impress us with the fact that they have entered upon an
era of manufacturing prosperity which they richly deserve, and which they are
well qualified to carry forward for the betterment of their own city and State,
and the country at large, and which prosperity must be due largely to the knowl-
edge, skill, and industry of the American engineers.

Resolved, That the thanks of the Society, and especially of the visiting ladies,
are hereby tendered his Excellency Governor Philip McKinney, and his wife,
not only for the opportunity of making a most pleasing acquaintance with them-
selves, as well as other prominent citizens, but for the opportunity of inspectiug
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a mansion so full of historic memories, clustering around the home of along line
of governors of a State that may proudly call herself the Mother of Presidents.

Resolved, That the-American Society of Mechanical Engineers desires to convey
the thanks of its members and their ladies to Col. C. T. E. Burgwyn and to Mr.
Lewis D. Cutshaw for a delightful excursiou on the historic James River, «nd
for the opportunity of examining the admirable river improvements under their
charge. May the completion of this great work make real the dream of the
beautiful city of Richmond of becoming a seaport of the first order. May the
sight of Fort Darling and the mounitors resting peacefully side by side remind us
‘forcibly that whereas we were for a time divided we are now united more closely
than ever before, in one strong patriotic and prosperous nation.

Resolved, That conspicuous among the numerous attentions showered upon us
during our visit to Richmoud are those by Messrs. P. H. Mayo and brother, and
Allen & Ginter, who not only kindly opened to us their vast establishments, in
which we were entertained by the melodies so peculiar to the sunuy South, but
who took especial pains that we should bring away with us mementos which
shall hereafter serve as pleasant reminders of an interesting and novel experience
in the line of manufacturing nowhere else revealed.

Resolved, That while our visit to this city has been replete with new and inter-
esting sights, we cannot but express ourselves as under special obligation to the
Tredegar Iron Company and the Richmond l.ocomotive Works.

It is in such establishments and amid such industries that the mechanical engi-
neer feels himself quite at home. Our visit to the works of both companies hasan
added pleasure for the reason that both have a history reaching over many years,
and both have contributed during that time much to the importance and value of
the iron industries of the South.

The lady guests of the Society are under many obligations to Mr. F. W, Burke
and Messrs. A. Hoen & Company for the Leautiful and tasteful souvenirs ¢o
pleasing to the eye and tickling to the palate, which the gentlemen members were
permitted to admire as works of art and fine examples of the many and growing
industries of the city of Richmond.

Resolved, That to the Chesapeake & Ohio, Atlantic & Danville, Norfolk &
Western, and Richmond, Fredericksburg & Potomac Railways the American
Society of Mechanical Engineers desires to render its hearty thanks for the
courtesy shown to its members, and for the generous tender of a special train
and free transportation to the many places of interest in the vicinity of Richmond.

Resolved, That our Society were greatly pleased for the courteous attention of
Mr. Dellie Sutherland in directing their conveyance about the city of Rich-
mond, and desire to render him many thanks.

Resolved, That to Mr. Scott A. Carrington, proprietor of the Exchange and the
Ballard hotels, the members of the American Society of Mechanical Engineers
express themselves as much pleased with the courtesies extended to them during
the meeting in Richmond, and especially for the use of the hall in which the
meetings are held.

Resolved, That the American Society is thankful to the Virginia Electric Light
& Power Company for the opportunity given its members of visiting the clectric
stations, and for the return of their watches properly demsgnetized.

Resolved, That the society is especially indebted to Mr. T. W. Morgan Draper,
our fellow-member here, for the elaborate entertainment proposed for us at
Norfolk and vicinity, which cannot fail to be most enjoyable and a notable fea-
ture of our Richmond meeting.
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Resolved, That the Press of Richmond has placed the American Society of
Mechanical Engineers under mauy obligations for its kindly words of welcome
to the city of Richmond, and for its highly intelligent reports of the proceed-
ings of the meetings of the Society.

Resolved, That the American Society of Mechanical Engineers kindly thank the
street railway companies of Richmond for the free use of their cars Ly their
members, which has greatly assisted them in seeing the wany beauties and
places of historic interest of this hospitable city.

Resolced, That the assembled engineers, while unable to thank individually the
various firms who have opened their doors to us and invited our attention to
their eeveral places of industry, especially desire to thank the Richmond &
Danville Railway Company for having done so, and we ask that our inability to
name the long line of other persons to whom we are indebted will not be by
them understood as indicating on our part a want of appreciation of their cour-
tesies, but rather an indication of our dearth of words to properly express our
thanks to them.

Resolved, That the thanks of the Society be tendered to Newport News Dry
Dock & SBhip Building Company for the interest they have taken to make this
first visit of the Society to the South one of pleasure and enjoyment, and the
fact that we cannot enumerate the various methods they have adopted to bring
this about is the only reason we do not mention them more in detail.

Resolved, That knowing how important and essential to the success of the
local committees who have had in charge the entertainment of the American
Society of Mechanical Engineers in the various cities we have virited is the
codperation of the citizens thereof, it gives pleasure to ask that our warmest
thanks may be accepted by the Citizens’ Committee of the Chamber of Com-
merce, who by their hearty codperation huve honored thewselves and the body
they so well represent by their efforts to make our visit to the city of Richmond
one of pleasure, and our going away one of regret.

Resolved, That the thanks of this Society are due to the local committee of
arrangements—Messrs. Davis, Raynal, Archer, Brooks, Burgwyn, Delaney, Miller,
Greenwood, Sherrill, and Simpkin, for their taste and appropriateness in pro-
viding this beautiful assemblage hall, and particularly for their untiring energy
In arranging and providing for the comfort and pleasure of the members in
attendance.

Resolved, That we recognize in all the efforts made by the committee for our
entertainment, a certain potential emanating from the ladies of Richmond.

Resolved, That we shall leave this city bearing with us a most happy remem-
brance of the hospitality extended us everywhere.

EXCURSION Days.

On the afternoon of Wednesday, an excursion barge, convoyed
by two tugs, conveyed the party down the James River to visit
the historic. ¢ Drewry’s Bluff.” A luncheon was served on the
upper deck of the barge, and a stop was made at the United
States monitors anchored in the James River. Not a little interest
was elicited when it became known that several of the members
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of the party were connected with these monitors, either in their
construction, or in engagements during their history.

THURSDAY.

Carriages conveyed the memnbers and their ladies, at the close
of the fourth seasion, to the historic Tredegar Iron Works, where
they were received by the veteran General Anderson, and con-
ducted to a luncheon served in one of the rooms of the works.
In the luncheon apartment was pointed out a drill-press which
had been used for the purpose of drilling cartridge shells for the
use of the Confederate army. At the close of the luncheon, a
touching address was made by General Anderson, to which the
president responded, and one or two others who were informally
called upon.

After visiting the Tredegar Iron Works in its various depart-
ments, the party was conveyed to the Richmond L. & M. Works,
where the machinery for the United States battle-ship “ Texas™
was in process of construction.

At the close of this visit the drivers were instructed to convey
those filling the carriages to points of interest in Richmond, in-
cluding Hollywood Cemetery, the Lee Statue, the old St. John’s
Church, the Jefferson Davis and Lee mansions, and the residence
portion of the city. The ladies had also been previously taken to
certain of the cigarette factories, and had been honored by special
souvenir gifts from the committee who escorted them.

On the evening of Thursday a social reception was tendered to
the members and their ladies by the residents of Richmond, in the
Richmond theatre. The seats had been floored over, and the
building specially draped, and dancing and a handsome supper
completed the evening.

On Friday, a special train on the C. and O. R.R. conveyed the
party to Newport News, where they were to accept the hospital-
ities of the Newport News Dry Dock & Suip Building Com-
pany.

A stop was made by the way at old Providence Forge, wiicie
matters of historic interest were exhibited, and where the visitors
saw the curious cypress growth which manifests itself in the
waters of the Dismal Swamp.

After the inspection at Newport News of the new shops and
the dry-dock of the company, the party were conveyed to the War-



RICHMOND MEETING. 41

wick Hotel, where the ladies had already been enjoying a part of
their luncheon, and a most enjoyable collation was spread for
them.

A speech of recognition was made by the president, and the
response was by Horace See, consulting engineer for the company.

Leaving the hotel, the party were guided to the steamer wharf,
where boats of the Atlantic & Danville Co., under the general
charge of Mr. T. W. M. Draper, conveyed the party across the his-
toric waters of the bay to Norfolk and Portsmouth. After a stop
at the Portsmouth navy yard, the boats brought the tourists
across the Elizabeth River to Norfolk, where a part of them took
a special train on the N. & W. Ry., back to Richmond, to make
connection by north-bound evening trains, and the rest, after vis-
_ iting a cotton compress, were carried across to the Hygeia Hotel
at Old Point Comfort, from whence they returned at their own
convenience. .

The railroad company furnished special trains on Friday even-
ing, northward, from Richmond to Washington, for the party who
came from Norfolk desiring to make north-bound connections.
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CCCCXV.*
PRESIDENT'S ANNUAL ADDRESS.

THE ENGINEER AS A SCHOLAR AND A GENTLEMAN.

BY OBERLIN BMITH, BRIDGETON, N. J.
(President 1889-90.)

Far back among the ages, in times beyond the ken of His-
tory's written page, the young world invented the Engineer,
as the creator of its coming civilization. He it was who estab-
lished synthetic methods, and sewed together fig-leaves into a
mantle which was a prototype of our textile fabrics, and, in
analogous metal patchwork, our steam-boilers and ship-hulls of a
later age—one large piece made from many small ones. He it
was who, with sticks and puddled clay, established the first order
of architecture—Adamesque, if we may so call it. He it was
who, before he happened to think of a Pullman car on a steel
rail, built the roads and rude wagons which made the dawn
of commercial and social life possible. He built the bridges
which brought tribes and nations into communion, and helped
them to reduce their uncomfortable excess of population by
making machines with which they could kill each other.

Throughout the earth, in all ages, the Engineer has' wrested
from nature her well-kept secrets, and has made his non-engineer-
ing friends comfortable by showing them how to deal with the
material world around them. But for him, as we now know him,
practising his art in its present stage of development, we should
be set back a century, without railways, or telegraphs, or steam-
power manufactories. There would be no electric-lights, nor
telephones, nor electric-bells; no sewmg—machmes, nor gasfix-
tures, nor modern plumbing. Our farmers would work with the
sickle and the flail ; our sailors, as of old, would keep ws tossing
months, instead of days, upon the sea. Following time logically
backward, and robbing each age of its ministering angel, with his

* Presented at the Richmond meetiug of the American Society of Mechanical
Engineers (1890), and forming part of Volume XII. of the Transactions.
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acquired knowledge reénforcing the accumulated experience of
his predecessors, we would soon arrive at the blackness of social
darkness. We can therefore say that were it not for the Engineer
in history, our fashionable society would probably all be modelled
upon that of Terra del Fuego, where an entire wardrobe consists
of a piece of fur, held upon the windward side of its wearer. Our
roofs would be the caves and trees ; our food, shellfish and fruits
and nuts—good enough dinner courses in their way, but not
followed by champagne ; our roads would be but foot-trodden
paths ; our bridges fallen logs ; our weapons'stones and clubs.

So much for a cursory negative view of engineering in the
past. A positive exposition, in a concrete form, even if for a lim-
ited period of time, might occapy too many pages should I follow
what has been a frequent custom in this Society, and an obliga-
tory duty in one at least of our American sister societies ; namely,
to make the annual address a resumé of the important engineer-
ing news of the world for the preceding year. Tempting to an
essayist, and interesting in itself, as this field may be, I venture
to leave it to be harvested by our members with their individual
sickles—or should I say self-binding automatic reapers ?—that I
may touch upon a theme which, though not less important, is
less often brought to your attention. This I feel the more
willing to do, from the fact that I have more than once been
requested to make public certain views which I have at various
times strongly expressed in private conversation.

The term Engineer, the subject of my title (and of the foregoing
brief historical sketch), should, to my mind, include in the per-
son described thereby all the attributes implied in the two nouns
which follow. If it always had been thus inclusive, then that
higher professional standard would have been attained which
our clients in the world outside demand, as well as our own
interest and happiness, and this essay would have remained
unwritten. Assuming that the great majority of the men who
are styled, and who style themselves, ‘‘engineers” are really
worthy of the title—that in some one or more of the numerous
departments of their calling they know how to get the better
of Dame Nature, so to speak, by designing and constructing a
good road, or bridge, or railway, or canal; by locating and
digging a good mine, and knowing what comes out of it; by
plaoning and building a good machine, without the scrap-heap’s
credit-entry showing more avoirdupois than the bill of lading;
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by taming the lightning as a gentle beast of burden in its modern
harness of copper and silk and iron ; by creating beautiful build-
ings not of the order of the ephemera; the following questions
arise : , .

Does this aggregate mass of engineers aftain to as high a pro-
fessional standard as, all things cousidered, our modern civiliza-
tion would lead us to expect? Does this body of men, who,
without question, are of vastly more importance to the world than
those of any other one profession or trade, stand as high in the
estimation of their fellow-men as their important position would
seem to demand? Is their craft (one which, if properly prac-
tised, requires as much learning as do the crafts of law or
medicine) thoroughly recognized as one of the learned profes-
sions ?

To these queries we engineers cannot, unqualifiedly, give an
affirmative reply. In the first place, we do not in all cases make
high enough and absolute enough our standard of qualifications
for admission to our ranks. In the second place, we do not have
our forces systematically organizéd into a mighty army, with un-
broken front, which would compel, to a proper degree, the admir-
ation and respect of the non-engineering world for the profession
as a whole. We have, on the contrary, been fighting too much
upon the guerilla principle, and have too often shown the world
brilliant dashes by individuals, unsupported by the great body of
their fellow-fighters. In a retrospective glance through history,
we may perhaps trace some of the causes which have prevented
engineering from being definitely organized as a learned profession
in early times. Among these causes was possibly the fact thal
the men on whom alone, among the intellectual classes, devolved
the bulk of the hard work of the world’s advancing civilization,
the engineers and architects, were too busy even to cultivate
each other’s acqnaintance, to say nothing of that of the lazy
kings and knights and priests, who were the leaders of influential
society. In times of war these kings and knights—lazy no longer
——called upon their men of practical science to build their roads
and forts and towers, their ballistas and their catapults. Thus
arose the military engineer. He was far too important a man to
have his eyes put out, or to be walled-up alive in one of his own
buttresses, after the completion of his first valuable piece of work,
as had been the pleasant experience of some of his civil
brethren. He grew to rank with other high officials of the army
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which he helped to keep in existence, and organized his work
after the methods of his fellow-soldiers. Hence the systematic
education and training, the esprit du corps and high professional
status, of the body of men who should in some respects be the
model for the now larger body of their lineal descendants, the
civil engineers.

I here use the term * civil engineer ” in its general, rather than
its restricted, sense ; and it seems to me that we Americans should
follow the practice of our European brethren in giving to the
word “civil ” its proper and original meaning—simply * non-mili-
tary.” It is bad enough, in these days of friendship and earnest
codperation between our government engineers in both Army
and Navy, with the much larger body of those in civil life, to have
the general distinction between military and civil. The classifica-
tiou is not a logical or scientific one, as much of the work in these
different branches is identical. A military engineer, in these
times of wonderfully rapid mechanical evolution, must be a good
deal of a machinist and electrician and aeronaut, as well as a
digger of ditches and builder of forts. Even in the last mentioned
work (the one thing which distinguishes him from his civil brother,
and which the latter is supposed to know. nothing about), his
knowledge is becoming very uncertain; for the conventional
science of fortification, with its visage grim of brick and granite,
seems to be crumbling into débris and ashes, from which the
young pheenix of mechanical engineering shall spring with a
shining countenance, bearing in its lineaments the similitude of
nickel-steel.

From this general view of the case, it would seem that the pro-
fession as a whole should designate its members by the simple
word “ engineer.” The public would in time follow this example,
but, meanwhile, persistent and organized effort should be made to
discourage the “ Americanism ” of using the word to describe the
driver of a locomotive or the engineman of a factory; nay, even
the clodhopper who stuffs straw into the fire-door of an agricul-
tural engine, smears lard upon its feverish journals, and hangs his
boots and jacket upon the safety-valve, for a maximum test
of the elastic limit of the boiler-shell.

Allowing the distinction between military and civil work to be
expressed only when necessary, it seems to me that the normal
we of adjectives as prefixes to our general name should be
simply for classification into specialties of practice, as topo-
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graphical, mining, metallurgical, mechanical, electrical, hydranlic,
railway, bridging, architectural, sanitary, etc. These terms are
written in a somewhat natural order of progression from nature
to art; but are not, of course, in strictly logical form and sequence.
This and the preceding paragraphs may be somewhat in the way
of a digression from my subject, but are in sympathy with the
general idea intended to be expressed of fixing a definite status
for the man (or woman, if ‘'she be so minded) who shall be called
an engineer. Having briefly and sketchily traced his past his-
tory and present position, let us, following the motif of my title,
see whether the term * engineer " includes those of * scholar” and
“gentleman.” If such is not wholly the case, how far should it
do 8o, and how may it be made to ?

As a matter of fact, the modern engineer, if he be worthy of
the name, must be a scholar as regards many important branches
of knowledge. To have become this, he must possess a trained
intellect and must have been through a course, whether in col-
lege, or office, or shop, in which he has fulfilled the most impor-
tant condition of all scholarship, by learning how to learn. The
particular branch of learning into which his natural talent, his
inclination, and the necessities of his chosen profession have led
him, will have required as much study as if he had, for a spe-
cialty, chosen Sanserit, or archsology, or astronomy, or Spanish
literature.

In stating the case thus, I do not wish to disparage classical
learning. If a young man about preparing for any branch of
engineering has time and money enough to take a classical
course in addition to the scientific course, which is absolutely
essential (if not at college, then at home, or somewhere else), so
much the better. The delay of a year or two in starting upon his
practical life-work will be well paid for by the increment of men-
tal culture obtained, and by the additional opportunity for class
friendships, in after life, with scholarly men, who are not running
exactly in his own grooves of thought. If, however, he can by
no possibility give to the schools all the time necessary for both
courses, let him go through the scientific course thoroughly,
remembering the masterly epigram once uttered upon an occa-
sion like this, by my talented predecessor in this chair, Prof.
Sweet, which, as I remember, ran thus: “’Tis better to know
what wants to be done, and Aow to do it, than to know what Aas
been done, and who did it.” Surely, no comparison between the
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study of practical science and of history in literature could be
more crisply, yet more powerfully, formulated.

Our embryo engineer should not, however, take sides so strongly
in favor of pure science as to ignore entirely the claims of polite
literature. Too many of our young men who are faithful stu-
dents and earnest workers, but who are too poor to take a full
college course, or who, yet more unfortunately, can take no course
at all, beyond the common school or academy, are apt to imbibe
a contempt for belles-lettres, and even, in some cases, for the
shade of Lindley Murray himself. They wish to be intensely
engineers, and are willing to be nothing more, ignoring social
life and other pleasures in their zeal for their chosen work.

To such young men the advice cannot be too strongly given :
Do not limit your future happiness and that of your friends and
associates by becoming mental hermits—one-sided, unsymmetri-
cal characters, with ideas running in a single groove. Not only
for your social happiness, but for your professional advancement,
for your worldly prospects in wealth and reputation, make your-
selves fit to appear as educated men of the world, not in the bad
sense of being familiar with its vices and ready to sneer at its
homely virtues, but in the larger sense of being ready to meet
men anywhere, of any degree, upon their own ground, familiar
vith their methods, and acquainted with their ways. For all this
you need not be able to instruct a learned Rabbi in decipher-
ing Hebrew inscriptions ; nor a Harvard professor in extracting
Greek roots ; nor even an astronomer royal, regarding the width
and straightness of the bands on Mars; they could not tell you
the area of an anchorage-plate in your suspension bridge, or the
best diameters for the piston-rods in your latest triple-compound
engine. You should all four, however, be ready to meet on
common ground at your club, or in each other’s drawing-rooms,
and be not wholly at sea should discussion arise about Shakes-
peare’s iconoclasts ; or the most-talked-of article in the last Nine-
teenth Century or Forum ; or as to how American was last week's
American Order of Architecture, as exemplified in some fearfully
snd wonderfully made new public building. For all this, it is not
sbeolutely necessary that you should be able to translate even a
page of Homer into flowing English rhymes. ’

Continuing the imperative mood, the advice to our hypothet-
ical young man would be more definitely formulated: Before
Yyou begin engineering, ground yourself with a thorough English
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(if Eogland or America be the home of your birth or adoption)
common-school or academical education, learning as much of the
classics and of modern languages as time and circumstaunces may
permit. For your professional training, enter the best technical
school, college, or university available, the larger and more fully
equipped it is, the better. Adapt your personal course of study
especially to the branch of engineering which you intend to follow,
bringing in as much of the classics as may come, without hamper-
ing your science. If your time for languages, dead or alive, is
limited, choose German, French, Latin, Greek, in the order named,
uunless you need Spanish, Italian, etc., for local reasons. If the
curriculum of your school does not include ample practical work
in field, shop, mine, or laboratory (according as your future work
may lie), take care to have had enough such practice, either
before, during, or after your school course, as to amount to
three or four solid years of such work, before you announce
yourself as a practising engineer. In addition to this, do not
neglect your commercial education, if possible spending such
time in store, bank, or counting-house as will give you a general
idea of accounts and commercial law. In these days an engineer
must be & man of affairs, and must be something of a merchant
and lawyer, as well as a scientist. With all this, keep in mind, as
before indicated, the great importance of writing and speaking
your own language correctly, and of attaining at least a cursory
knowledge of general literature, and something of the shibbo-
leths of cultivated society. .
So much for the engineer as a scholar. Answering a ques.
tion propounded earlier in this essay, I will express the opinion
that the best modern engineering courses of study do include such
scholarship ; and that the great majority of studious men who
have been fortunate enough to graduate therein, with their cul-
ture supplemented by a few years of active professional life,
whether as manufacturers, consulting engineers, or what not, may
lay claim to the true scholarship, which consists of a general
knowledge of the world at large, combined with such particular
knowledge of, and experience in, their chosen vocation, as to
make it a success. That minority who have not reached the ideal
just pictured, though perhaps more or less eminent technically,
are either men who have fought their way up through early dis-
advantages, or men who, having had the advantages, have a
natural distaste for the refinements and amenities of intellectual
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and social life. If emineut, they are so in spite of this neglect,

not because of it. Happily, our modern technical schools, a
course in which is now considered almost essential as a prepara-
tion for any branch of engineering, are creating a new and higher
standard than did or could exist even a score or two of years
ago, especially in the casa of mechanical engineering. Many of
us now only in’ middle life can remember the times when this
branch of the profession had hardly begun to be a science, and
but very crudely was an art. Not so very long since our machin-
ery was designed, empirically, by the machinists (or white-smiths,
as the English termed them), who were to build and operate it.
A mere shop experience was considered sufficient education for
these designers, and the resulting machines showed their father-
hood. Their chief pride was to be “practical,” and they vied
vith each other in scoffing at theory and at science. Unfortun-
ately, some of these men are alive yet, and are still at work.
Mechanical engineering as a science has, however, sprung up like
a young giant ready for the fray. Its influence has pervaded all
other divisions of the profession, until the “ civil,” the mining,
and the electrical engineer are largely dependent upon its meth-
ods and its men. The scholarship which, but comparatively a
few years ago, was monopolized by the older branches of the
engineering family, has become necessary to all ; and the time
vill doubtless soon come when nobody will attempt to practise
vithout having enjoyed the rigid training and culture of the
schools, or, at any rate, such private training as will pass their
examinations. )

Having seen that an engineer who is worthy of the name gen-
erally is, and always should be, to a greater or less degree, a
scholar, we come to the more delicate and difficult question sug-
gested by the title of this address: Is he, or should he be, a gen-
tleman, in the highest and most perfect sense of the word? So
embarrassing is this matter that I feel loath to speak of it, and do
80 only with the hope of adding my mite of influence in favor of
the good work, which is already in progress, of elevating the tone
and standard of the personnel of our moble profession tothe
highest possible degree, intellectually, morally, physically, and
socially.

To the second portion of the query propounded in the last
paragraph, we shall all without doubt unhesitatingly say yes!
No standard of gentility, no patent of nobility, can be too high
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for a profession which leads the civilization of the world, and
which is probably destined, in the not too far off future, to mark
out pathways of material and moral advancement in the life of
the race, which are beyond all our present conceptions. Taking
a lower and merely selfish view of the case, there can be no ques-
tion about the great advantage which will accrue to the engineer, in
common with the architect, the lawyer, or the physician, from the
ability to meet his wealthy and cultivated clients upon their own
level ; to excel them, if anything, in the intelligent appreciation of
their mutual affairs, and in the amenities of social intercourse.
This social aspect of professional work, and its great import-
ance in farthering his success in life, not only in the way of
pleasure, but of profit and reputation, is too often ignored by
big-brained young men who are full of scientific zeal, but who
have not learned sufficient practical respect for the ways of the
world.

Answering last the first portion of our query, we may all con-
gratulate ourselves that engineers as a body rank high as gentle-
men the world over. There are, of course, exceptions, as there are
in all vocations, whether with priest or doctor, counsellor or
gowned judge. Happily, the tendency of an engineering educa-
tion is to refine, rather than coarsen ; and this is, I think, the case
with the study of science in any of its forms. As we have seen
that the very name of engineer is apt to include and carry with
it a fair degree of scholarship, so this scholarship carries with it
and includes a certain inherent gentility, just as does scholarship
in other and quite different branches of learning. Engineering
has, however, the advantage enjoyed by other purely scientific
studies ; it commands an absorbing interest in its devotees which
entices away from frivolity and dissipation, and the dealing with
pure truth and with the resistless logic of nature leads to veracity
and accuracy of character and speech. Who, that has mingled
freely in engineering circles, has not noticed the comparatively
high moral tone and solidity of character prevalent in their per-
sonnel ? Temperance in all things is in the very nature of the
engineer's daily line of thought. He is too much accustomed to
trace carefully every effect to its cause, and to modify his causes
that his desired ends may be accomplished, to fall an easy prey
to dissipation of any sort.

So firmly do I believe in the elevating tendencies of our profes-
sion that I might well have added to my title the words “and a
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moralist.” Not only do the studies of the votaries of science tend
toward scholarship and gentility, but toward morality ; and these .
altributes act and re-act upon each other. Science is truly the
bandmaid of religion ; * her ways are ways of pleasantness ;" she
. seeketh but the things that are true, “ that are lovely, and of good
report.”

Assuming and believing that the status of engineers as a body
is good, and that on the whole we rank before the world with
other learned professions, the question arises just as it does with
one of our “ perfected ” machines): “ How can we make it better?”
How can we outrank all the others, and make ourselves fit to
stand before the world so that it will acknowledge us as the lead-
ers of its advancing civilization and large factors in it, as openly
doing what we really have been doing subd rosa through all the
passing centuries? How shall we make it consider us, when
in properly organized form, a body so wise and powerful as to be
fit advisers not only in matters of applied physics, but in social
science, in commercial economics, and perhaps even in politics
itself (if that subtle profession is not killed out by that time)?

And why not such added functions? They fall within the
line of thought which I have projected—a line reaching from
before the dawn of history to a bright era in the future, when the
affairs of men shall be run on the engineer’s time-table ; that is,
by the rules of common sense. This, being interpreted, doth
mean simply that we shall try to win nature’s gifts by using
nature’s laws, not by controverting them.

Answering the questions above propounded, as to how we can
in all ways elevate our professional standard, I will suggest that
the best way is to have a standard, and then to elevate it. To
do this we must have such general organization as will give con-
certed action, and then command general respect. Furthermore,
this standard should have some sort of a legal status, at any
rate as regards its minimum limitations. Just as firmly as I be-
lieve that no doctor, nor architect, nor lawyer, nor chemist, should
be allowed to invite fees from the public, without first passing an
examination and receiving a degree from some reputable school,
which, in its turn, should be subject to examination and regula-
tion by the general government as much as should a national
baok, 80 do I verily believe that the practising engineer should
be suthorized to be such by some higher and more uniformly
acting power than his own choice. Not only do we want such
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regulation for the protection of the public, but more particu-
larly for our own protection, that we may not suffer from the
charlatans and quacks who infest our ranks, with symbols
ending with an E appended to their names. We may not yet be
ready for any such system of unification, but it seems to me that
we should duild toward something of the kind in the future, as
the surest way of fixing our status in the eyes of the world as be-
longing to one of the definite and recognized learned professions.
Should such a system once be established, there would be no
more chance of a reversion to the present systemless style than
there is of our American national banks changing back to the
old-fashioned “ wild-cat” banks of forty years ago.

In the meantime, whilst we as asbody are educating ourselves
up to, and preparing for, some scheme looking toward more unity,
power, and usefulness, how shall the average tone of the profes-
sion be improved by the cultivation of the individual? Here the
advice regarding the Scotchman in the story may be followed :
“Catch him young.” The rising generation of engineers must be
trained to-higher ideals than has been any preceding one, and
this is largely the work of the schools.

We have, in this conntry, many excellent technical colleges.
Generally speaking, their standard of scholarship is high, their
methods thorough. Their chief fault is, perhaps, lack of uni-
formity with each other, in certain things where standard methods
of study and experiment would be desirable ; and, more impor-
tant yet by far, some standard regarding the conferring of degrees.
The evils due to these sins of omission may perhaps be remedied
by some system of official conference between their respective
faculties, some intellectual “ pooling of their issues,” so to speak.
Not only would this be proauctive of uniformity where uniformity
might be an advantage, but it would improve the average char-
acter of the schools themselves, and tone up the weaker ones by
exciting a spirit of more active emulation.

We have assumed that our coming engineers, many of whom
are now in our colleges and “ institutes " training for the develop-
ment of brain and eye and hand, will there find all needful helps
to the scholarship which is to prepare-them for their calling.
They will there be trained, also, to some extent, in manners and
personal habits, both by precept and example, especially those of
them who, by reason of poverty or geographical isolation, have
not had the early advantages enjoyed by some of their more
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Chesterfieldian fellow-students. Recurring once more to the
second natural attribute of an engineer mentioned in the title,
we may ask : Do these schools establish and maintain the high
standard which they should do in regard to good breeding, ele-
gant manners, tasteful costume, and those graces and accom-
plishments which, as before intimated, will so much aid any
professional man in gaining the desirable prizes of life? The
answer must be, that our civil schools do not, to the extent thev
might, provide this culture as yet.

In this respect they should follow some of the methods of gov-
ernmental military and naval schools, whose curriculum includes
not only a rigid technical and professional course of study,
mingled with enough of classical and general literature to culti-
vate the mental graces, and a superabundance of military drill
and other systematic physical culture for strength and grace of
body, but also instruction and practise in dancing, in dress, and
in the nameless other social arts which make for politeness and
refinement. Nor do we see that attention paid to these matters
in any way cuts short the more severe culture which is the chief
aim of education. To disprove this we need but think of the
long list of names, which it would be invidious to specify, among
the regularly educated army and navy men of this country and
Earope who have become distinguished in science and in general
engineering.

We cannot take all our young engineers from cultivated bomes
and teach them only technics. Many are blessed with such
homes, but many others must come from orphan asylum, from
factory, from distant farm. We are all, in a certain sense, chil-
dren of the people. Class distinctions are gradually disappear-
ing not only in America but in Europe and the Islands of the
Sea. Notably is this the case in what we may almost term our
sister republic of England. The ultimate social distinction will
simply be between gentlemen and non-gentlemen. Only the men
with sufficient “voltage” of brain-power will survive in the
struggle for a properly standardized engineering education. If
they happen to need it, why should they not incidentally re-
ceive, a8 they pass through the mill, the polish of gentility ?

It is an observed fact, that many a mere “ cub,” drawn from his
lair in backwoods or mine by some benevolent congressman, and
entered at West Point or Annapolis, has, if showing brains enough
to go through at all, been turned out a scholar and a gentleman.
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He, throughout his after life, mingles with ladies and gentlemen,
is one with his fellow-officers, for nowhere is esprit du corps
stronger than in army and navy circles. Let us do likewise with
any engineering cubs that we may catch. Let our schools imitate
successful methods wherever found. Let them throw such a
mantle of refinement over each of these young men as not only to
conceal, but to absorb his cubbishness. Make him not alone
truthful, temperate, scientific, skilful, business-like, scholarly ; bat
healthy, erect, graceful, socially accomplished, possessing “ man-
ner,” as well as manners. Give him a love for moral and physi-
cal cleanness—morally a cleanness shining out from soul and
mind, and physically one which shall be manifested not only
upon his face and upon his shoes, but shall reach even to the tips
of his fingers. Give him a horror of careless pronunciation and
orthography, but such a practical respect for etiquette and fash-
ion as will cause him to use either at will, as an expedient tool,
while, perhaps, contemning it theoretically. Teach him that
there is raiment fit for the morning, and raiment meet for the
evening; or, at any rate, that he may find chances to make some
pleasant hostess happier by assuming such a proposition to be
true, whether it be strictly logical or not. Search the effects of
a youth thus trained for personal and well-used implements of his
calling, and expect to find not only tape-line and calipers, but
a thumbed-up volume of Shakespeare or Emerson ; not only a
two-foot rule and an * aneroid,” but a card-case and the ac-
cessories of a dainty toilet.

The general and social culture which our schools should pro-
vide for these young men cannot be a matter of precept only,
but must be one of example also. There must be a high stand-
ard among professors and instructors as well as among students
—not only in scholarship, but in manners and morals. While
speaking again of morals, as among the attributes of a gentleman,
I fain would utter an earnest plea for the nurture and cultivation
of that knightly sense of personal honor which is regarded all too
lightly in the money-getting strife and turmoil of our modern
commercial life, but which possibly we may find more prevalent
in military than in civil society. Such honor is above all bribe-
taking, and should be sacredly held as a part of the capital of
every engineer. It should keep him (if for his reputation’s sake
only) infinitely above the consideration of such loot, for example,
as commission upon material, the sale of which might be affected
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by his professional opinion thereupon. It should lead engineer-
ing influence to reform our wretched system of expert testimony,
wherein two reputable scientific men are paid by interested clients
to draw two opposite sets of conclusions from the same premises,
instead of being paid by the courts to tell the truth, as should
be the case, and will be—when we engineers make it so. This
high honor, and the gentle courtesy by which it should be mani-
fested, are but the “applied science” of that Golden Rule which
was preached by the Greatest of Gentlemen, in Galilee, eighteen
centuries ago. It merely causes us to treat all men and all
women as we ourselves would be served by them. Shall not our
schools include it, more definitely than now, among the things
which it is good to learn ?

Catch we thus young the rising generation, thus lead them and
guide them toward the highest possible ideals of morality, science,
work, scholarship, and gentlemanhood, meanwhile organizing our
forces by standardizing our methods, and by federating our socie-
ties, great and small, for unity of action in matters where unity
may seem desirable (but retaining their autonomy for local and
departmental objects), and the early half of the twentieth century
vill see and recognize a noble guild, girdling the earth both
intellectually and materially, whose power and influence will
lead mankind forward, yet more than in the long past, toward
all that makes for prosperity, for purity, for pleasure, and for
peace.
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CCCCXVI*
LIGHT GABLE R0OAD CONSTRUCTION.

BY FRANK VAN VLECK, LOS ANGELES, CAL.
(Member of the Society.)

THE main objection urged against cable roads for small cities
has been the almost prohibitive cost of construction. Advo-
cates of electric traction have even asserted that cable roads
could not be built as a single-track system, thus making the
cable road a luxury.only for the metropolis. In the far West
there are a few good examples of single-track cable road work,
and’ the object of this paper is to present another case where
a single-track cable road has been put under construction—a
road in which the main aim has been to combine the elements
of a thoroughly good plant with such economy in cost as would
warrant the erection of such a system in a town of between
thirty and forty thousand inhabitants.

In these days, when it is almost universally recognized that
for the purposes of intra-urban traffic the emancipation of the
street-car horse is at hand, it is asked and demanded, which,
then, shall be cur steed for our new rapid transit, electricity or
the cable? Electric railways, under the enterprising energy of
special corporations formed to develop them, have made enor-
mous strides, and their success has been well merited; for,
in truth, it must be said their attainments, both mechanical
and electrical, have been almost phenomenal. Yet there are
some things the electric railroads cannot do, or cannot do,
as at present constructed; notwithstanding some amusing
claims of the electricians that certain grades can be ascended
which the steam-railroad men know to be impossible of - ascent
under all conditions of track and weather. The writer, although
connected with the development of the cable system, cannot but
conclude that the day of usefulness for the cable on the level is
forever gone, and that the electric road stands the champion of
the field. When the ascent of steep hillsis to be undertaken by

* Presented at the Richmond Meeting of the American Society of Mechanical
Engineers (1890), and forming part of Volume XII, of the Transactions,
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any street road, then the advantages of the cable over any other
means of locomotion are apparent. Representatives of the elec-
trical companies have claimed, and even attempted, grades ranging
up as high as 16 per cent. for their motors, and have repeatedly
asserted that, when using the return current by the rail, the trac-
tive effort is increased by the electric adhesion between rail and
wheel. The amount and character of this adhesion has not as
yet been as fully explored as the demands of tramway engineers
would wish, and with the electrical engineers themselves this
feature has not been made as much use of as the merits of the
discovery would seem to warrant. Therefore, in the present
condition of the system, it would appear unwise to assume that
any electric-motor car could have any greater capabilities of
ascending hills, or for traction, than steam-motors with same
conditions of weight, wheel base, and track. .

Most of the cities of our country are located on the level, and
as such are eminently adapted for electric railway work, while
often other cities have the misfortune to be built on hills. He
would indeed be a bold projector who would claim the possi-
bility of ascending some of the San Francisco hills with any
form of traction locomotive, some hill streets in that city
being entirely given over to the cable roads, as no vehicle can
with safety ascend or descend. The inclines of either the Ho-
boken Elevated or the Brooklyn Bridge would also be a difficult
ascent under all loads and wet tracks.

Space has been taken for allusion to the relative merits of
these two systems, as the consideration of them has been an
important feature in the San Diego Cable Railroad, about to be
described.

This San Diego franchise was first operated as an electric
road, and as such continued in operation for about a year. De-
fiiencies of comstruction, improper design, inability to ascend
grades with any reasonable speed, or at all, and large leakages of
electricity and consequent loss of power, compelled the company
{o cease operation at an early date.

The electric road’s franchise and equipment were then pur-
chased by a company purposing the adoption of the cable sys-
tem. This new cable road has just been put into operation,
and its description constitutes the subject-matter of this sketch.

Before breaking ground the officers of the road had already
determined for the engineer that the road was to be a single-
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track system, and was to be constructed with thoroughness, yet
at a cost which was to be materially less than that considered
moderate for other roads. For it must be understood that the
city of San Diego is of such size that neither heavy traffic nor
receipts could be expected for some time to come. It there-
fore may be observed in the following descriptions that, while
many of the best elements in cable engineering are employed,
the designs also show that the items of cost have in each case
been pared down to lowest figures. In many cases new depart-
ures from usual practice were adopted for economy, yet, when
such new designs have been completed and installed, they have
been found to be more satisfactory than the older forms.

It will be seen that the construction of a single-track system
produces a complexity of design which is practically a simple
matter to the double-track system—a case where the apparently
simple is yet the mest complicated.

The double-track roads have but one cable moving in their
conduits, and moving invariably in the same direction. The
underground passage of grips and the movements of surface
cars are therefore positive and in the same direction. But in
the single-track system, although it may be the essence of sim-
plicity in the streets, yet underground its ways are devious.
Two cables demand attention, each hurrying in opposite direc-
tions, yet side by side. The grip likewise must be capable of
holding to its proper advancing cable and not to the other.
Curves present a maze of difficulties. For the uninitiated can
see that two cables, each running in opposite directions, cannot
pass around the same curve-pulley at the same time.

PERMANENT WAY.

The backbone and foundation of a cable system is the.road
substructure, the form of the iron yoke binding all the rails and
shaping the conduit, and the concrete foundation. The influence
of a fine California climate had not a small share in the deter-
mination of the iron which forms the yoke, for in this part of
California frost in the ground is a contingency which engineers
never consider.

This yoke is shown in Fig. 1. The positions of track-rails
and slot-rails are as shown. The form of the central conduit
was determined by these considerations: Two cables must trav-
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erse the entire length of the conduit. They must not be so close
together as to chafe each other in oscillating sideways, nor so
close as to touch the rims of the sheaves carrying the opposits
cable ; nor, again, must they be so far apart as to swing against
the concrete sides of the conduit, or so close to those :ides as
to render difficult the passage of the grip, which must em-
brace the cable from the sides. The sizes and position of the
sheaves carrying the cable also had their claims. Drainage had
to be provided below all, in order to allow free passage of water
and dirt below boih cables and sheaves—for it must be said of
Southern California, with somewhat of the reputation for being
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during most months in the year a semi-arid region, yet it does
have the accompaniment of rain sometimes during the winter
months, and when it does so rain vast volumes of water fall in
short spaces of time. Insuch cases cable roads may run like small
sewers, and not to make provision for water would be ruinous
to the cable ; for the grit thus carried about and into the strands
of the cable doubtless is a prominent factor in decreasing its
life. Finally, the cross-section of the grip must determine the
main form of the conduit, for this grip must pass every point
of the road and must be capable of taking the rope only at the
proper level, and taking the correct moving cable according to
the position in which the car is headed.
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Therefore, in a road of this kind it was necessary that, even
before any other mechanical details were determined upon, the
grip itself should be designed, or, at least, the form of its cross-
section unalterably fixed.

The form of conduit thus derived will be observed to depart
from the usual practice of double-track roads, in that the grip -
necessitates an angle in the side of the conduit where ordinarily
is but a straight, side, as seen at 4, Fig. 1. In the matter of the
gauge between rails the directors of the road simply consuled
expediency, nor did they hunt up any absurd regulations, if
such existed, requiring street lines to conform to some old
rustic’s idea that street tramways should always be made to
conform to the supposed gauge of all the local wagons and car-
riages. Many cities have enacted such ordinances, with the
thought that it was the right and privilege of all vehicles to
have the pleasure of riding in the “flats” of the street rails.
Thus in various cities of the country do we see ganuges running
from six feat to three, and even less. It may be that the “battle
of the gauges” is yet unfought for trammway work. It almost
appears that the standard 4’ 8}" has not a proper raison d’étre
for this class of eonstruction, which is scarcely comparable with
steam railway work, and rarely exchanges traffic with such roads.
Therefore this San Diego road, following the example of nu-
merous other cable systems, promptly decided for the 3" 6"
gauge, and would even have decided for six inches less and
reaped further benefit of still diminished cost of construction,
bad they thought that public sentiment would look with favor
upon such a narrow gauge in a city already compassed by the
wider standard gauge. The outside width of the yoke being
thus determined by the gauge, the yoke as completed is some-
what of a V form with the bottom rounded. The conduit or
tunnel extends to within six inches of the bottom. From the
figure it will be seen that the tendency of the yoke to close.is
resisted mainly by the metal in the cross-section at the bottom of
the conduit ; this, therefore, was given as much iron as could be
conveniently done in a yoke of so light a weight—150 pounds.

The rail used is of twenty-five pounds section, and although
light for cable road service, yet, as large quantities were left as an
heirloom by the former electric road, it was decided to use it for
whatever might be its term of life, and then, if the traffic so de-
manded, lay a heavier rail. T rails can never be regarded as
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the best tramway section to lay in a city street, yet where the
paving outside is close to the head of the rail, and the paving
inside is at the height of the top of the rail, with but a flange-
groove between rail and paving, the objections to the T section
almost disappear. This was easily arranged, as the paving be-
tween rails on the entire road is of asphalt, or what is more spe-
cifically termed, at the Pacific, bituminous lime rock.

The slot-rail (Z, Fig. 1) is a special section rolled for this
road, the desire here being to secure one of the lightest pos-
sible forms, one which would be inexpensive to adjust, and one
which should avoid what with many other roads has been inevi-
table—the use of paving-plates. What are known in cable con-
struction as paving-plates are strips of cast or wrought iron
extending from yoke to yoke, near the slot-rail, to prevent the
concrete from being pushed from its sharp angle into the con-
duit or tunnel.

This matter of paving-plates alone is one which may affect
the cost of a mile a thousand dollars or more.

A few cable roads, on the ground of pinching economy, have
attempted to save a considerable amount by the abandonment
of concrete as a binding medium to hold yokes and roadway
together. Although this saving may be material in first cost,
yet the expenses of general repairs and the hosts of nuisances
of bad alignment and closing slots render it unsuited to
what aspires to be a satisfactory system. Therefore it was
early decided to use concrete throughout this new system, but
not in such large cross-section as would require a large out-
lay. The external bounding of the concrete cross-section fol-
lows the outline of the yoke, except that at the bottom the
concrete is run three inches below the yoke for the purpose
of forming a better foundation, and a bond between the con-
tignous blocks of concrete between yokes. This concrete was
formed with the proportions usual to many roads, three parts
sand, six of broken stone, and one part of best imported Eng-
lish Portland cement. The mixing was in all cases done on
the road, beside the work, and at once thrown into position
between the yokes in the trench, and then thoroughly tamped.
Yokes were spaced at four feet centre to centre, and at every
tenth yoke was placed a “ pulley yoke,” this being such a one as
is shown in Fig. 1. The plain yokes do not have cast on their
conduit curve the two brackets shown at B, B. In other single-
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track cable systems it has heretofore been the custom to place
a pulley or rope sheave on one yoke, and on the next yoke an-
other pulley for carrying the opposite-going cable. This requires
two yokes to be prepared for the reception of the pulley-boxes,
and then on each yoke two boxes are to be attached, usually by
bolting, and brought into proper alignment. To make each of
these two pulleys with their four boxes accessible from the
street required either two manholes through the paving or one
long and expensive manhole spanning from yoke to yoke. .

. By the system here employed for the first, both pulley shafts
are brought close together, and can therefore be carried in a
single frame (see Fig. 2). This frame passes around and carries
both pulleys. Having them both in the same frame, whenever
the frame is adjusted to proper position then are all four
bearings in correct line. This frame is simply passed in over
the brackets attached to the yokes until it comes to its mid-posi-
tion, when a depression in the frame drops over the bracket ; if,
then, a thin, wedge-shaped piece is driven in on each side, the
frame is rigidly held to place and can neither back out nor move
forward.
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Another advantage of this frame-carrying device is that the
oil-box on one side embraces both journals; thus, one oiling
oils the two shaft ends. It also affords a large receptacle for
containing the oil or oil-waste, or “dope.” The whole thing is
also readily accessible from one small manhole in the street.

The small carrying sheaves (Fig. 8) are ten inches in diameter
with a three-inch face, and are mounted on cold rolled steel
shafts about twelve inches long. The sheaves are of cast-iron
throughout. To the uninitiated in cable work it appears strange
that cable engineers persist in letting their splendid steel cables
wear themselves out by passing along and around wheels whose
surface is hard cast-iron, while theory would seem ta dictate the
invariable practice of using a softer material for this rope to
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pass about on. Some roads do, indeed, use sheaves with grooves
filled with Babbitt or wood. Whether such use has lengthened
the life of the cable appears to be doubtful, while its manifest
disadvantages have been often too evident. The great disadvan-
tages are greater wear and consequent frequent renewal of the
softer material and the greater difficulty experienced by the
soft wheels taking the “lay of the rope.” This latter is an effect
which all cable men seek to avoid. When a cable is considered
in its best condition, its depressions between contignous strands
irz uniformly filled with tar or pitch, so that the appearance of
the cable is not unlike a well-tarred gas-pipe. In this condition
at resists better the wearing action of sand or grit, which may
chance in the conduit, and is far smoother in its action in pass-
ing through the jaws of the grip. When a wheel or sheave takes
the “lay of the rope” it has formed in its groove the matrix of
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the cable or the opposite of the space between strands. This
matrix gradually increases its resemblance to the space be-
tween strands, with the consequence that it pushes all the
" tar from between the strands, thus setting back the cable
to its original naked condition. When such a wheel or
sheave is found it is promptly taken from the road and
thrown away, or the groove, if the stock in the rim permits,
is re-turned. , ‘

The manhole through the paving whereby the oiler has the
opportunity to perform his duties is perhaps smaller in this
road than any other. As this is a detail of coustant repetition

Fig. &
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on the road, it is evident that five or ten dollars saved in its con-
struction means a comfortable saving at the end of the road. The
size is only 12” x 14,” yet a small man or youth can pass through
it and along the conduit of the road. During the progress of
construction oxn’ many roads it is desirable or necessary that a
man should pass into the conduit for the purpose of bolting up
parts or attaching sheave supports, but on this road all can be
done from outside, even to the attaching of the pulley-frames,
for neither do these nor other internal devices require any work
of bolting. Practically, then, the main and only use for these
manholes is for oil-holes. The manholes and frames are shown
in Fig. 4, and although they are but made of cast iron, yet they
are so braced that they give maximum strength. In fact, not
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one of them has yet been broken by heavily loaded wagons, by
fire-engines, or road rollers.

The line of the road in two places crosses deep gullies, in one
of which the roadbed is some seventy feet above the bottom of
the ravine. In both of these cases high wooden bridges have
been built. As it was possible for vehicle traffic to come upon
these bridges, it was decided not to leave the space between rails
open, and accordingly the problem was presented—to carry the
slot-rails in the centre and to carry any load which might come
between rails, and to preserve accurately the gauge distances
between all rails; and, finally, to have the yoke so formed that
it might be afterward filled with concrete, should the ravine be

Fig. 5.

filled and graded. The yoke devised for this purpose is shown
in Fig. 5.

This yoke was given a little more metal through the central
section in order to resist closure, should heavy loads come upon
the slot-rails, and in this case it was the more desirable as no
concrete was here used to bind or to strengthen the yokes. The
ravines over which these bridges pass will probably be filled and
graded to the proper street-level later, when these yokes can
be arranged for the usual track work by attaching a triangular
bracket to each side of the yoke and under the rails, and then
filling in with concrete in the usual manner.

Scarcely any street railway-system can be built without
curves, and these to the cable system are perhaps a necessary

5
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yet an unmitigated nuisance. Costly to a degree which make
stockholders sigh, they are a source of endless care and anxiety
to the management; and not content with that, these crooked
tracks still demand further extravagance by eating the life from

Fig: 6.
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the cable. Curves are bad enough for the double-track systems,
but with a single track the difficulties increagse. For how shall
these two cables, each moving in opposite directions, be taken
around the horizontal curve-pulleys? For neither can both ropes
be carried on the same sheave—for no wheel revolves in two



LIGHT CABLE ROAD COXNSTRUCTION. ' 67

directions at once—nor can alternate pulleys be used for either
rope. Practically, there are but two methods for accomplishing
this feat. The method first made use of was to carry one rope
at a higher level than the other, and have it pass over curve-
pulleys above the pulleys carrying the opposite-moving rope.
This required that the gripman, when having the lower rope, must
invariably release his rope from the grip, and then let his car
“float” over the curve either by momentaum or gravity. Usu-
ally these curves were located on a grade in order specially to
make use of gravity to carry the car around. In these cases,
when the gripman did not release and drop his rope, the grip,
from its construction, carried the rope into the wrong pulleys,
and trouble ensued at once. To add to the difficulties, after
passing the curve provision must also be made for picking the
rope up, for grips as usually constructed have not the power to
go down after the cable. The other solution of the problem is
to separate the ropes and to construct the curves as double
tracks. This was necessary in the road described, as no curve
was on an incline which could be depended upon to float the car
over by gravity. As a single-track road requires a certain
number of passing places or turnouts, these double-track curves
were so arranged on the line as to serve this same purpose of
passing places. Fig. 6 shows in diagram the manner in which
one of these curve turnouts was arranged.

This is a right-angle curve, where the turnout is located on
the inside of the curve. It will be noticed that the inner curve
is not included by the same angle as the outer one. This was
caused by the fact that this arrangement would give a short
piece of straight track between the ends of the inner curve and
the switches, thus doing away with a number of curve-pulleys
and their corresponding disadvantages. The turnouts, whether
arranged as thus indicated for the curves or whether con-
structed at the side of the straight track, invariably have passing
through them the moving cable to insure that the car will al-
ways be able to move in its proper direction. The entrance toa
tarnout on the straight is shown in Fig. 7. This diagram also
indicates the manner in which the slot is deflected from the
centre line in order to insure that the grip will not strike the
curve-palleys. At no point on the road between termini, except
at power station, does the grip have to let go the cable. Thus at
all points, whether on curves, turnouts, or switches, the car can
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always retain its rope. This releases the gripman from a vast
amount of responsibility and insures greater safety for the pas-
senger traffic.

The form of yokes for the curves were designed with many
differences from the yoke required for the straight, as the curve
demands features of strength which the other need not possess.

Fg.7.

'The form of curve-yoke is shown in Fig. 8. The main outline is
made in the form of a square, for the purpose of strength, and
for holding a greater body of concrete’ than such a depth of yoke
would if made in the V form. For if concrete in sufficient mass
has not been put in a curve, the curve has been known to be
pulled either up or out of shape by the heavy tension of the
cable. The conduit, it will be noticed, is shallower than the
straight yoke ; this is due to the fact that each alternate curve-
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yoke is fitted with a wooden block whose top surface is but a
short distance from the cable. As this impedes the flow of
water through the conduit, it was decided to form the channel-
way for water under the frames for the pulleys, where it might
have unobstructed flow, and which space of necessity is left
unfilled with concrete, for the action of the curve-pulley. The
vokes as thus constructed are strong, and when concreted up
form a rigid construction capable of withstanding any of the
strains to which curves may be subjected. The frame which
carries the pulley is attached between two brackets cast on
the yoke at 4. The grip is prevented from being drawn against

Fig. 8.
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the pulleys by the grip-guard at B, against which the grip
slides in its entire passage about the curve. The grip, pre-
vious to its entering the curve, is deflected three inches to
the outer side, by a deflection made in the track-slot to that
amount. This permits the cable to run directly from the tan-
gent to the first curve-pulley in its own proper line, while the
grip by this means is carried to one side enough to clear the
pulleys, and the strain imposed upon the cable by this bending
is taken by the grip-guard mentioned.

The curve-pulleys are carried between each yoke by the
special frame of wrought iron shown in Fig. 9. These pulleys
are of cast iron with chilled rims, the width of rim being but
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3} inches. This narrowness of rim is made possible by the fact
that the rope is lifted but 3 inches by the passage of the grip,
and, consequently, after the grip has passed the rope falls to its
mid-position on the sheave. Even should the rope come higher
it could not remain above the rim of the sheave, due to the
presence of the grip-guard. As these sheaves are so small in
width it is deemed cheaper to renew the whole sheave when
worn than to use a larger pulley with a renewable tire. The
diameter of the wheel is 22} inches on the pitch circle, thus
striving to attain what the present best cable practice deems
most desirable, “as large curve pulleys as possible, and spaced

fig. 9.
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as closely as yokes permit.” The distance from pulley centre
to pulley eentre is about 3 feet. The details for keeping the
journals of these pulleys under a sure condition of good lubri-
cation will be seen from the drawing. Above each pulley is
placed in the paving of the street a manhole of sufficient size to
permit of the removal of the pulley and its frame complete.

THE GRIP.

Perhaps the one thing about which the whole design of a cable
road hinges, from roadway to rolling-stock, from curves to turn-
outs, is the form of the grip. The grip early decided upon was
a modification of the “bottom grip,” now in most general use in
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San Francisco—a form which has been known as the San Fran-
cisco grip ; but as so many of the grip constructions have ema-
nated there and have received the same appellation, it is now no
longer a designation of any definiteness. Single-track roads
have heretofore used the grip known as the “side grip.” But
for its manifest disadvantages, it would have been adopted in
this new work. Itdoes, however, have one feature recommending
it to single-track work—the ability to grasp the cable at the side
—for, necessarily, where two cables are in the same conduit, each
must be at the side of the centre line. The bad features of the
grip for this new plant were that it lifts the cable too high from the
normal position which it occupies on the carrying sheaves, thus
requiring a deeper conduit; and its general unmanageableness
when the cable has to be dropped and picked up. For in case
the gripman by carelessness neglects to let go the cable at the
proper time, the cable must either be torn or the grip demol-
ished, and there is no escape from the alternative. At certain
points on the road, as at power stations and turn-tables, the cable
must plunge down, and for the grip to “ hang on” requires that
something must give way. The “bottom grip ” offers the two
advantages that it lifts the cable but little from its normal posi-
tion, and that in cases of neglect it can spring open itself before
doing great damage either to itself or the cable. '

It was found on investigation that these San Francisco bottom
grips had never been constructed on the side, for the purpose of
taking the-cable, as would be necessary in single-track work;
accordingly, the writer designed the form of grip shown in Fig.
10, which is possibly the first attempt to construct this grip as
a gide and bottom grip.

Fig. 10 shows the general view, and Fig. 11 a cross-section
through the grip-jaws. The shank plate 4, below the slot-rail,
passes through the upper part of the grip-box B, and carries the
hinge-piece C. This hinge-piece has hinged to it the two jaws
oJ,J : these jaws constitute the vice for gripping the cable. The
special surface which grasps the cable is an inserted piece, nsu-
ally of cast steel, dovetailed in the inner side of each jaw. The
softer metals are often employed for this purpose, but, as the
wear is so rapid and the renewals so frequent, the expense
counts up to such an item that it is considered as good practice
to put in hardened jaws and assume the possibility of a trifling
greater wear upon the cable. The pressure upon the jaws caus-
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ing them to tighten upon the cable is produced by pulling up-
ward on the outer side of the jaw a steel roller Z, carried in the
bottom of the grip-box. This grip-box is fastened to the two
side shanks of the grip, and when the gripman pulls up his lever
to the position for tightening, this movement causes the two side
grip shanks to be drawn upward, thus by means of the rollers
causing the closure of the jaws upon the cable.

This subject of grips is perhaps one of the most important
ones in cable road management, and, like many other important
details, istreated differently by different companies or engineers.
Each road is found to be using its own device. The relative
merits and demerits of each have caused considerable discussion,
and yet offer a fruitful field for engineers to balance practical
considerations against theorized advantages. Thus, for example,
may be drawn out the case of the ingenious device of Colonel
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Paine, on the Brooklyn Bridge, contrasted with the direct rub-
bing grips of some other cities.

The rolling-stock for this road presents a fow new features, but
such perhaps as, in detail, would only be interesting to tramway
men.

To those of the East it may be well to mention that the cars
are equipped entirely with trucks, as it is found that a much
larger and more convenient car can be built than is possible for
one which is simply to ride on a comparatively inflexible wheel
base of four wheels. As the wheel base of the trucks is only
four feet, it is seen that curves of extremely small radii can
be turned with ease. The height of car body is no more than
is ususal with the standard Eastern build, yet the trucks are
given a freo angle for swinging and the wheels do not necessi-
tate ugly covered holes in the car floor. This is made possible
by using smaller wheels than the four-wheeled cars. As neither
draught considerations nor tractive adhesion need be regarded in
cable work, wheels, therefore, of smaller diameter are not only
possible but desirable. '

THE POWER PLANT.

. The limitations set by the directors were not unusual—a
power house and equipment to be supplied at mininum cost,
yet as designed throughout to be not only satisfactory, but, if
possible, ornate.

The engines at once contracted for were of the Corliss type,
one being 18 x 42 and the other 22 x 42. Compound engines
would have been considered’were it not for the fact that the
expense of the engine plant was already heary, due to the neces-
sity for two separate engines, where but one was in use with the
other in reserve. High-speed engines might have been desira-
ble for their well-known advantages, but in cable work they are
practically inadmissible, as the reduction in speed must be con-
siderable, in order to bring the speed down to the comparatively
slow speed of the cable. Even with the slower-going Corliss,
in the case before us, the reduction in velocity ratio between
engine-shaft and cable-winder was as four to one.

The steam-plant of the power station consists of four steel
shell boilers, 62" x 15/, arranged in batteries of two. Tubes are
4" in diameter. The smoke flue is taken over the tops of
the boilers to the rear wall of the boiler room, and thence to
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the stack, which is located on a higher level in the car-yard of
the power house. The boilers are capable of furnishing steam
at 100 pounds, and not more than two or three boilers are ex-
pected to be in use at the same time, thus affording a reserve
for alternation in case of the break-down of any one of them.
The disposition of engines is such that either one can be
coupled to the intermediate transmission shaft. This inter-
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mediate shaft is shown at 4 in Fig. 12. This fizure also shows
the general skeleton on which all the details of the winding
machinery have been built. Of the two principal methods of
driving cable-winding machinery, one by gearing, and the other
by belting, the latter has been adopted as being the one nearest
fulfilling the local requirements. The belting from the engine-
shaft to the main winding-drum -is effected by means of cotton
ropes. This system of power transmission, although so much
despised by some engineers, yet for cable work offers decided
advantages. Foremost of all, it is noiseless, which is more

=
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than can be said of most cable plants furnished with cog-wheel
gearing, but in justice to later builders of gears it must be said
that some of the recent large-cast gears are models of quietness
and perfection. Cotton-rope transmission also has the one
greater feature of ease in renewing any part or parts without
disturbing the action of the remainder. Any rope can be cut
out, or a fresh one turned in, while the machinery is in motion.
The foundation plan for the winding machinery is perhaps
rather new in this class of work. The main foundation consists
of a mass of concrete, represented by the sectioned portions of
the drawing. Each end is raised to a height sufficient to
receive the ends of the iron-work of the frame. This main
frame of the “winders” is built entirely of heaviest sized sec-
tions of 12" steel I beams. The use of steel thus for founda-
tion beams was found not only to conduce to most satisfactory -
economy, but to a lightness of structure which would be impos-
sible with cast iron, and rendered possible a form of design
which brought all parts of the mechanism to view at a glance
—a feature of no small importance when directors had requested
that all mechanical movements of the power station should,
whenever convenient, be made visible to the publiec.

The diameter of the cotton-rope drum on the engine-shaft is
6'3". The large driven drum is 25 feet in diameter, thus
reducing the engine revolutions four times. The shaft B, on
which the 25-foot drum is carried, is prolonged at each side
beyond its bearings, and carries a 12-foot diameter cable sheave
on one end and a 16-foot diameter cable sheave on the other.
Midway between the engine-shaft and the large drum shaft is
placed the shaft C, carrying the cable “idlers.”

The method of pulling the cables can now be seen. The line
marked “city cable” is atthe right hand of the drawing, and
its motion is in the direction indicated by the arrow. This
_cable is drawn up on the cable sheave in its first groove, the
cable passes but half a revolution about this sheave, and is car-
ried off at the top to the idler sheave on shaft . The centre
line of the groove in the idler wheel is half the groove pitch be-
hind the groove in the other sheave, as will be seen in a follow-
ing drawing. After passing half a revolution around the idler it
again passes to the other sheave. This constitutes one wrap,
and on roads performing ordinary service from three to four
wraps are considered necessary. After the last wrap the cable
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passes to the temsion carriage, and thence is returned to the
road. The city cable, it will be noticed, is wound about sheaves
which are 12 feet in diameter, the speed of the engines being so
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proportioned as to give this cable the uniform speed of eight miles
per hour. The “suburban cable,” on the other side of the foun-
dation, passes to sheaves on the same shafts which are 16 feet in
diameter. Thus, with the same shaft and engine speed it will be
observed that a speed of twelve miles per hour is given to the
cable. As horse-cars average bu’ six to seven miles per hour, this
twelve-mile speed is far better rapid transit.

Some of the details of these large wheels and forms of grooves

| 1 mg. " - 1 l

Scale ¥; Size, 5‘
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may not be uninteresting. The method of binding up the large
25-foot drum is shown in Fig. 13. This drum is composed of
ten separate segments and ten spokes bolted together. Recourse
was again had here to the exercise of economy, and all parts were
proportioned as lightly as strength and stiffness would warrant.
A surprising amount of metal was saved without sensible de-
crease of strength by simply grooving out the backs of the seg-
ments to correspond to the ridges formed by the rope grooves on
the front. The form and angle of the cotton-rope grooves will
be seen on reference to Fig. 14. The form of grooves carrying the
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cable, or the grooves on which is thrust the entire work of pulling
the cable, is represented in Fig. 15. The driving sheave is shown
with five grooves and the driven sheave with four. This differ-
ence is necessitated by the driving sheave having the cable touch

“g{ﬁ. ——J._-.aul._.d_

TIRE SECTIONS OF WINDERS.
Bcale ) Size.

it in the last groove before the cable passes to the tension car-
riage. It will also be observed that both driving and driven
cable sheaves are provided with larger and deeper grooves for
carrying two cotton ropes. The driven sheave has here been
termed an idler, but, properly speaking, it is not an idler, and to
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relieve it from its reputation of idleness provision has been made
by means of these grooves and cotton-rope transmission for
it to do its share of driving effort. Two cotton ropes pass from
the driving sheave directly to the driven sheave, and, as the
latter is one-fourth of an inch smaller than the former, it causes
in the cotton rope a tendency to hurry the driven sheave more
than it would do if the diameters were equal ; and, as the diam-
eters of the cable grooves are equal, this tendency then amounts
to a pull upon the cable, hence the idler is caused to perform a
certain appreciable work. This ingenious method of utilizing
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the idler for work was first introduced in the Los Angeles Cable
Railroad systems, and was originated by Mr. W. R. Eckart, of
San Francisco (Member of the Society).

The tension carriages or the devices for taking the slack from*
the cable may also present some novel features. These tension
carriages may be classed in three groups. The first and oldest
form, and the one now considered most unsatisfactory, was an
arrangement whereby the tension carriage, carrying its own or
added weight, hung in a loop of the cable, so that its movements
took place in an inclined plane. The second class of tension
devices consists of the carriage placed in the loop, but travelling
on a horizontal tramway, the weight, hanging in a pit, being at-
tached to the carriage by cables or chains ; the great disadvantage
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of both of these systems being that, should the cable suddenly
give way (which is a rare but still possible occurrence), the weight
and carriage instantly rush to the end of their respective ways
to their own demolition.

The third class of tension carriage consists of a double car-
riage, one moving upon the other. The upper carriage holds
the cable sheave. The weight is attached by chain to this car-
riage, but this chain passes over pulleys on the under carriage.
The weight is therefore carried by the carriages themselvgs.
Usually this weight hangs suspended under the carriage while
the carriage itself travels along a runway or trestle. In the
San Diego pattern, which is adapted from the last form, the
weight hangs within the under carriage ; thus the tension car-
riageway need only be an ordinary track laid upon the surface
of the floor or ground.

The architectural appearance of the power station is seen in the
general views as shown. Although the building was by no means
expensive, yet the desire was to have it of such tasteful appear-
ance as would not render it an eyesore to the residence part of
the city in whichit was located. The architect, Mr. Wm. H. Heb-
bard, having had valuable experience in designing the architect-
ural details of the three ornamental and most satisfactory power
stations of the Los Angeles Cable Railway Company, came to
this San Diego work with a complete knowledge of what such a
building demanded, devoted to boilers and engines, to rolling-
stock and repair shops. Views of this power building are shown
in the diagrams here given.

DISCUSSION.

Prof. Jas. E. Denton.—I would like to know what the grades
are which this road can handle and is handling?

Mr. Frank Van Vieck.—In reply to the question of Professor
Denton, it may be said that cable roads may be operated over
any grade, even to a vertical, and attention may be called to the
fact that ordinary passenger elevators are but vertical cable rail-
ways. The grades on the road in question are but eight per
cent. on the steepest incline, with a number of short grades of
but six per cent.
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CCCCXVIL*
CHIMNEY DRAUGHT—FACTS AND THEORIES.

BY ROBERT H. THURSTON. ITHACA, N. Y.
(Member of the Society and Past President.)

THE theory of chimney draught and the question whether
there exists a temperature of maximum delivery of gas, as indi-
cated by the theory of Péclet and Rankine, have been frequently
discussed, and, so far as the mathematical treatment of the
Rankine equations is concerned, may be considered as fully set-
tled. It has seemed to the writer that it may be a good time to
import a few facts, and to ascertain by direct experiment to what
extent the purely mathematical treatment accords with such facts ;
whether the premises on which it is based are those of practice,
and whether the conclusion reached has any value in the prac-
tical work of the designing and constructing engineer. He
therefore planned an investigation which seemed to him likely
to give a correct solution of the problem from the standpoint of
the engineer, and to settle at least the question whether, in ordi-
nary practice, there- exists a temperature of maximum delivery
within the range customarily observed in temperatures of chim-
neys as attached to the steam-boiler. This investigation was
made during the spring of 1890, and the following is an account
of it and its results. The work was done and all observations
made by Messrs. W. S. Monroe and E. C. Fisher, who are to be
credited with many ingenious devices eliminating obstacles or
directly contributing to the attainment of the simple results
sought, and to whom the writer is under great obligations.

The stack employed was 20 inches in diameter and 32 feet in
beight, circular in section, composed of a single thickness of
boiler plate, lined throughout with fire-brick. According to the
usual computations, it should be sufficient to produce a draught
of about 0.3 inch of water and a rate of combustion of not far
from twelve pounds of good anthracite coal on the square foot
of a grate eight times its own area, each hour. A grate was con-

* Presented at the Richmond Meeting of the American Society of Mechanical
Engineers (1890), and forming part of Volume XII. of the Transactions,
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structed especially for this work, however, and, to eliminate all
uncertainty as to resistances, was built so as to be placed directly
at the foot of the stack and to be removable at pleasure. The
instruments employed were standardized Bulkley pyrometers in
the stack, an accurate anemometer to measure the rate of flow
of the air into the fire, and a very finely divided water-pressure
gauge, made for the writer by the Hartford Steam Boiler Insur-
ance Co. These instruments were standardized before and after
use. For exceptionally high temperatures a Pouillet pyrometer
was employed.

Preliminary tests were made to discover any conditions which
might lead to uncertainty or embarrassment; and the work was
only begun formally when it was found practicable to eliminate
such obstacles to success. Heavy fires of coke were first used,
the purpose being to secure, if possible, a uniform and manage-
able variation of chimney temperatures. It was found that
lighter fires and the best of coke were requisite. It was found
impracticable to keep uniform resistances of fuel-bed by attempt-
ing to fire regularly, as a very slight variation in the condition
of the fire made an enormous difference in the resistance to flow
of the gases passing through it and the stack. It was as diffi-
cult to secure perfect uniformity of thickness of a burning fire
as of condition of the fire itself It was finally discovered that
the best method of securing uniform resistance was to allow a
heavy fire to burn completely out, leaving a bed of ash, which
remains unchanged, substantially, throughout the period of tem-
perature and air measurement, and gives invariable resistance
during that time. The temperatures of the stack ran down
rather rapidly at first, then more slowly after the fire had burned
out, and always so steadily and smoothly that it was practicable
to secure perfectly satisfactory measurements. In some in-
stances, however, another system was tried : The fire was entirely
removed and the resistance was adjusted and kept constant by
applying a closed box at the base of the stack, openings’in which
permitted the desired quantity of air to draw through, the only
variable being then, as required, the falling temperature of the
stack. Where the fire was used, or the ash-bed employed, the
condition of the grate could be examined by an opening in’
the side of the stack.

During each test five-minute runs were made with the ane-
mometer while taking the temperature and water-pressure read-
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ings, and observations were made at frequent intervals. Ordi-
narily the temperature in the stack fell rapidly to 500° Fahr.,
and then it required a number of hours to bring it down to 100°.
The data thus secured are tabulated and are given in the ap-
pendix to this paper. Their study will probably settle any ques-
tion which may arise relating to the subject thus investigated.
Some discrepancies will be discovered, due to error in judgment
as to the time of expiration of the fire, but none which can affect
the general conclusions or the value of the data for the purposes
of the engineer. The best method of examination, however, as
in all such work, is that in which graphical representation is
made of the data, and the curves thus produced are.studied to
ascertain the law of variation of the variable quantities. Such
curves are reproduced in the accompanying plate (Fig. 20).
Examining the plate, it is seen that the curves of pressure
differences and of delivery of gas range up to maxima in some
cases, and to temperatures, above those of the maxima, from
800° to 1,100° Fahr. All represent work done in the manner
above described, the same process being followed in all, except
in the second, fifth, and sixth trials. In the second and sixth it
was attempted to secure a constant resistance with “dumped”
fires, the resistance being maintained by the use of a closed box
at the base of the stack. The only defect of these records is the
low temperatures which were naturally obtained. The fifth test
was made especially to reach high temperatures; but it was less
successful than had been hoped, though the pyrometer reached
s maximum of 2,200° Fahr., and maximum delivery at 1,150°.
The first of these graphlcally recorded facts to attract atten-
tion is that of the Rankine curves (1), falling between the two
groups which exhibit, the one the pressure differences, the other
the volumes and weights of air, as measured by the anemometer.
A second interesting fact is the variation of the temperature of
maximum delivery, not only as between Rankine and actual, but
among the various sets of data illustrated by the several curves
derived by experiment. The lowest pressure curve (5), obtained
by the purely artificial resistance of a throttled ingress of air,
gives the highest temperature figures but the lowest delivery,
and a maximum which, instead of being found at the same point
as that of Rankine, or with any other case taken, is evidently
far outside them all. Here a low delivery is given by high tem-
peratures and low pressure differences. The obvious explana-

-
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tion is that the friction and inertia resistances were low. In
(2) and (3) the pressure differences are substantially the same,
but the delivery very much greater in the former, which has no
maximum within the range attained, while the latter passes a
well-defined maximum at about 700°. There is a general resem-
blance between both sets of curves, as obtained by experiment,
and the corresponding curves deduced from Rankine; but the
differences among themselves and between the mean of either
groupand the typical Rankine curve would indicate that the max-
imam indicated by the analysis, as ordinarily given, is a variable
quantity and dependent upon the variable conditions of draught
and combustion. The curves here given are curves of volumes
of air passed through the fire; but the division of these vol-
umes by the density of the gas, as determined by temperature,
will give the weights discharged, and, if desired, curves of
weights may be thus obtained of a similar nature.

The essential facts are here given, however, quite as well.
These are : (1) That the resistances and pressure differences in
the chimney are lower than those computed from the tempera-
fure variations by the usual method; (2) that the delivery is
greater, with a given resistance, than is thus computed ; (3) that
the temperature of maximum delivery is a variable quantity;
(4) that the chimney-temperature of maximum delivery is far
above that ordinarily taken as that of good practice in the oper-
ation of the steam-boiler.

These facts are evident at a glance from the forms of the curves
and their location relatively to one another, and to the Rankine
delivery curve. The reasons of these facis, and of the dis-
crepancy between the deductions from analysis, as commonly
made, and the actual operation of the boiler and chimney, are
not difficult of determination. It is at least here seen that the
interpretation of the algebraic expressions of accepted theory
require modification. In general, it would seem that the delivery
of any given chimney under stated conditions of temperature and
resistance is probably greater than would be computed, using
the formulas of Péclet and Rankine, those expressions being
thus found to be in error on the right side, so far as these ex-
periments give fair basis for judgment. Within the usual range
of temperatures of chimney in steam-boiler practice, the excess
vould seem to be from 257 to 504, being largest at the highest
temperatures of fluie. The maximum delivery takes place ap-
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tion is that the friction and inertia resistances were low. In
(2) and (3) the pressure differences are substantially the same,
but the delivery very much greater in the former, which has no
maximum within the range attained, while the latter passes a
well-defined maximum at about 700°. There is a general resem-
blance between both sets of curves, as obtained by experiment,
and the corresponding curves deduced from Rankine; but the
differences among themselves and between the mean of either
group and the typical Rankine curve would indicate that the max-
imum indicated by the z2nalysis, as ordinarily given, is a variable
quantity and dependent upon the variable conditions of draught
and combustion. The curves here given are curves of volumes
of air passed through the fire; but the division of these vol-
umes by the density of the gas, as determined by temperature,
will give the weights discharged, and, if desired, curves of
weights may be thus obtained of a similar nature.

The essential facts are here given, however, quite as well.
These are: (1) That the resistances and pressure differences in
the chimney are lower than those computed from the tempera-
ture variations by the usual method; (2) that the delivery is
greater, with a given resistance, than is thus computed ; (3) that
the temperature of maximum delivery is a variable quantity ;
(4) that the chimney-temperature of maximum delivery is far
above that ordinarily taken as that of good practice in the oper-
ation of the steam-boiler.

These facts are evident at a glance from the forms of the curves
and their location relatively to one another, and to the Rankine
delivery curve. The reasons of these facis, and of the dis-
crepancy between the deductions from analysis, as commonly
made, and the actual operation of the boiler and chimney, are
not difficult of determination. It is at least here seen that the
interpretation of the algebraic expressions of accepted theory
require modification. In general, it would seem that the delivery
of any given chimney under stated conditions of temperature and
resistance is probably greater than would be computed, using
the formulas of Péclet and Rankine, those expressions being
thus found to be in error on the right side, so far as these ex-
periments give fair basis for judgment. Within the usual range
of temperatures of chimney in steam-boiler practice, the excess
would seem to be from 25 to 50%, being largest at the highest
temperatures of flue. The maximum delivery takes place ap-
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parently, in cases of which these tests may be taken as fairly
representative, at higher temperatures than are given by the
theory. In case 2 the stack was left entirely open and free ; but
the maximum is not reached at the highest point, notwithstand-
ing the fact that here the resistance was purely chimney friction.
The same is true of curves 4 and 7; and it seems only approxi-
mated in cases 3 and 5 and 6 at somewhere about 700° in the
lowest instances, and beyond 1,100° Fahr. in No. 5, the highest.
In No. 7 the maximum had not even been brought into sight at
a temperature of 800°; but,as in case 2, the curve was still
rising steadily at the last observations, and its outline, so far as
traced, would appear to indicate a maximum far beyond the red
heat. No. 3 is the only curve of the whole collection which fol-
lows very closely the general shape of the Rankine curve and
attains its maximum, clearly and definitely, well within the range
of temperature obtained ; and even this gives that maximum far
above that of the Rankine curve, at above 700° instead of be-
low 600°. These differences are probably due to the compar-
atively large resistance due to friction of flues in the cases on
which that analysis and its constants are based in large pa.rt if
not wholly.

The formula is, however, obviously inaccurate in form. The
+ head is assumed to be proportional to the square of the
velocity of the gases in the chimney-shaft ; and it is further as-
sumed that the resistances in the chimney due to friction, that
due the inertia of the mass of air set in motion, and that due to
the resistances at the grate and in the boiler, are all similarly
variable. This would seem to be an entirely false set of as-
sumptions. It seems to the writer certain that the rates of flow
of the gases in the chimney, in cases of heavy fires and large
grate resistance, are so slow, and the resistances within the bed
of fuel so great, with respect the one to the other, that the rates
of low must be dependent practically upon the pressure-head
and to but an insignificant extent upon the friction in the chim-
ney-shaft. In such cases, it is evident that the rate of introduc-
tion of air must be simply proportional, or nearly so, to the
square-root of the head, or of the temperature-differences, and
that no maximum delivery temperature can exist. Where the
temperature similarly varies in a shaft in which the resistance
of the chimney friction 1is, if such a case be possible, the main
‘source of obstruction to flow, it can be seen, from the method of
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analysis pursued by Rankine, that it may happen that the
density may diminish, at high velocities, so much more rapidly
than the rate of flow can increase that the maximum may ap-
pear. In such cases it will evidently be found, at least approxi-
mately, where Rankine places it.

In the formula of Rankine the coefficient G, taken as a meas-
ure of the fuel-bed resistance and assumed to be a constant,
is probably a variable of wide range of value. It is obvious
that in the series of experiments here recorded its value was
never very nearly that obtained in the work of Péclet, whose
grate resistances were probably much larger than any of these
here given. To what extent this is true may be ascertained,
where such resistances have been measured, by comparing the
water pressure with those here recorded. TUntil the character
and magnitudes of this method of resistance have been ascer-
tained, no exact analysis is possible. Meantime, the well-known
results of the experiments of Clark and Isherwood and nu-
merous later investigators have given the designing engineer
enough of fact and sufficient variety of condition to enable him
to proportion his chimneys and stacks satisfactorily. He has
never used the theoretical method and evidently is not likely to
doso. His methods are empirical, and must remain so for the
Present, probably.

It needs no experiment to show that it is impossible that
there should exist, in ordinary steam-boiler practice, a definite
sud constant temperature of maximum weight-delivery of gases
from any chimney, such as has been inferred from the mathe-
matical treatment here referred to. The simple fact that it is
well known that in hundreds of cases—in thousands, probably—
temperatures exceeding that stated temperature of maximum
draught have been observed with “ natural ” draught. Since the
temperature of chimney in any boiler plant is a direct function
of the quantity of coal burned on the grate; since the quan-
ity 8o burned depends, in turn, on the draught; and since maxi-
um temperature and maximum draught and maximum combus-
tion al] find a common maximum synchronously, it is obvious
that, were the proposition attributed to Péclet and Rankine cor-
Tect, no chimney operating by natural draught could ever ex-
hibit & higher temperature than that of this maximum--600°
Pabr, approximately. Passing this figure, the delivery would
decrease ; the quantity of air supplied the fire would be reduced ;
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the diminished draught would give cooler'gases; and the tem-
perature of chimney would at once fall to some lower point ; 600°
Fahr. being thus the highest attainable temperature with
natural draught. The discovery of any one case in which the
boiler chimney is delivering gas at a higher temperature is thus
sufficient to prove the fallacy of the proposition.

The error follows so naturally, however, from the analysis
ordinarily accepted that it is less remarkable that authors have
accepted it and trusted to further investigation to reconcile this
apparent conflict of deduction. It appears first in Péclet, but it
was dropped out of the last edition, published after his death,
and has only held its place, probably, on the authority of that
greatest of engineer-authors, Rankine, who adopted it in his
work substantially as first asserted by Péclet.

The first direct experiments of which the writer is aware,
proving the fallacy of this proposition of a definite temperature
of maximum delivery of gas, were those of Engineer-in-Chief
B. F. Isherwood, U.S.N,, made at the Brooklyn Navy Yard in
1866, and published in a report to the Navy Department “ On
Experiments with the Horizontal Fire-tube and the Vertical
Water-tube Boilers.” The boiler used for these special experi-
ments was a Martin water-tube boiler of the type then common
in the naval service, and which, as the writer learned by ex-
tended experience, gave most excellent results economica.lly, but
were somewhat troublesome when the tubes began to give way ;
and they have, partly for the latter reason, now largely gone
out of use. The tube-box of this boiler contained 34 rows of
vertical tubes, set lengthwise in the box. These rows of tubes
were cut out, progressively, in such manner as to permit a
more and more rapid draught, until ouly 13 were left and the
experiment terminated. The following is a tabulated exhibit of
the results :

INTENSITY OF DRAUGHT AND OF COMBUSTION.

No. gows of tubes in ure. | 31 ‘ 28 I 25 | 22 19 l 16 18

B |
Lbs. coal in 48hra. .. .vvuvs ... 21034 | 28555 | 24455 27246'"6078i°9786 80533

Lbs. water ‘‘from and at 212° ”per
Ib. ¢ combustible ” part of fuel( 12.55 | 12.63 | 12.05 | 11.77 | 11.69 | 11.20 {10.69
.480° | 491° | 600° | 700° 700“ 770°

Temperature, chimney, Fahr....| 416°
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The figures above 600° are approximate, and sufficiently accu-
rate for present purposes. The fires were kept about 9 inches
thick, and the fuel was ordinary anthracite, such as was cus-
tomarily used in marine boilers. The volume of air was about
double the theoretical minimum required for perfect combus-
tion.

It is obvious from the above that more air must have been
sent up the chimney at 700° and 770° than at 600° Fahr.,
since more coal was burned by 10%. The temperature of
furnace being taken at a common figure for such cases, as deter-
mined by frequent measurements in Mr. Isherwood’s many
experiments, at 1,800° Fahr., the loss at the chimney, com-
paring, for example, the last experiments with the first, is
nearly proportional to the reported diminution of evaporative
eficiency, showing the combustion to be substantially as good
at one rate as at another.

The conditions involved are so numerous and so variable in
practice that the writer seriously doubts if any analysis can
be made which will be sufficiently simple and convenient, or so
accurate, as to come into general use in the solution of this
problem. The facts above presented are given as merely an
initia] step in this research, and omly repeated experiments,
under all the representative conditions of common practice, can
finally determine just how far algebraic treatment can be made
weful in representing the law and the facts. Meantime, the
following seems to the writer a more satisfactory and probably
more nearly exact treatment than that which has hitherto been
accepted :

The working conditions affecting draught in chimneys are
obviously something like the following: Assume an ordinary
boiler and furnace, having, we will say, 20 square feet of grate
surface, 600 square feet of heating surface, a chimney 60 feet
high, with a flue of 3 square feet area and set close to the boiler.
The cross section of flues, the “ calorimeter,” as it is sometimes
though incorrectly called, may be taken as 4 square feet; the
tubes being 15 feet long, and the boiler an ordinary  cylindri-
cal tubular,” set in the usual manner, the gases going back from
the furnace to the rear, thence through the tubes to the front,
and then up chimney. Anthracite coal, “ nut” size, is burned
8t the rate of 12 lbs. per square foot of grate per hour, evaporat-
ing a total of 2,160 Ibs. of water into dry steam each hour, and
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thus rating the boiler at 72 H.P.,on the usual conventional
basis.

The process of draught is essen.tially this : Air to the amount
of about 18 1bs. per pound of fuel burned, or 4,320 1bs. per hour as
a total, enters the ash pit and passes through the fuel. In trav-
ersing the 6 inches thickness of the coal on the grate its tem-
perature is raised from that of the external air to 2,500° Fahr.,
and its volume increased 6 times nearly, or to about 1,400 cubic
feet per pound of fuel, from a total volume per hour of 57,600
cubic feet to about 346,000. This immense mass of air drifts
through the boiler flues and tubes and up the chimney, its
temperature gradually falling, in decreasing progression, within
the boiler to about 500°, which temperature it substantially re-
tains as it passes through the chimney and into the atmosphere.
In passing through the fuel-bed its temperature is raised in
proportion to the increase of its volume, and while within the
porous mass of coal. This sudden expansion, occurring, as it
does, within a distance of 6 inches and less than half a second,
means the acceleration of its velocity from about 1 foot below to
about 6 feet per second above the grate, or at the rate of 10
feet per second, multiplied by the ratio of reduction of section
of current in the mass of fuel, the maximum being, perhaps,
many times greater. The resistance to this rapid acceleration,
added to the frictional resistances of the enormous extent of air-
passages in the mass of fuel, and of the flue and tubes and chim-
ney, constitutes the total resistance to be overcome by the dif-
ference of head of the hot gas and the external air, reckoned
from the grate level to the chimney-top. The cooling of the
gases in the boiler reduces the volume flowing at the chimney
to about 100,000 cubic feet per hour, and its rate of flow is thus
made, finally, only about 9 feet per second. The energy of ac-
celeration is thus largely regained, but the loss due to this accel-
eration, by friction within the fire, is not compensated as a re-
sistance ; though it has been utilized, in a certain sense, by its
production of equivalent heat, and resulting elevation of temper-
ature of fire and of gaseous products of combustion.

Of all the resistances to flow, to overcome which a chimney-
draught is required, that of the fuel-bed is obviously enor-
mously the greatest. Anthracite coal on the grate weighs about
55 1bs. to the cubic foot: but its specific gravity is about 1.5, or
90 Ibs. per cubic foot. It thus contains not far from 40% of its
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own volume in air-spaces and air-passages, mainly in closed and
nearly enclosed spaces. The passages are narrow, tortuous, and
of comparatively small total section. Whatmay be taken as the
mean value for this reduced section is not ascertained ; but ex-
periment shows that the ““ head of water " corresponding to the
case in hand, and measuring the resistance to flow through the
fuel-bed, is not far from 0.3 inch, or equivalent, in this case, to
a head of about £0 feet of cold air at the temperature of en-
trance, 60° Fahr., or 40 feet, approximately, of hot air in the
chimney. The frictional resistance of the chimney is not far
from
AL
m2g’

[ being the length of flue from boiler to chimney-top, m the
mean hydraulic depth, and f = 0.012, a constant coefficient.
This gives for the head measured in the cold air less than 1.5
fest, or 3 feet in the chimney, and about one-fourteenth the re-
sistance at the grate. The loss of head in the boiler-flues, sim-
ilarly computed, is considerably less than the loss in the chim-
ney. Of the total resistance, therefore, the main portion is at
the grate and in the fuel-bed. .

It is now obvious that the principal resistance being at the
fuel on the grate, the rate of flow of the gas through the appara-
tus and up the chimney will be determined mainly by the rate
at which air may be driven through that mass. The velocity in
the chimney will be proportional to a function, not of the head
due the temperature-differences in the chimney and outer air,
but nearly & direct function of the rate of flow of air into and
throngh the furnace as produced by that head. It could only
be at exceptionally high velocities of flow in the chimney-flue that
its resistance there could become the controlling element in de-
termining the total flow ; and such relative velocities could not
be obtained by natural draught, ordinarily, but must be found,
ifatall, in cases of forced and extraordinarily heavy draught,
orof very thin or very badly worked fires. The experiments of
Clark and of Isherwood, and many others, show the rate of com-
bustion to be substantially a direct function of the head, varying
vith variation of height of chimney ; for example, as the square
Toot of that height. It is readily seen that, this being the fact,
the heads being produced, at constant height of chimney, by
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variation of temperature-differences, the quantity of air supplied
and of fuel burned will be similarly a direct function of head,
and without an algebraic maximum. But when the velocities in
the fire and in the flues are directly proportioned, or when the
friction of chimney-flue becomes the controlling quantity, as
assumed in the hitherto accepted analysis, a maximum must
occur ; and our records and curves of results show that we have
at times (Nos. 3 and 5) probably approximated to that con-
dition.*

To obtain a satisfactory and probably substantially correct
expression for the heads producing chimney-draught, in any
usual case, we need only reconstruct the Péclet theory in the
following manner: ,

The total resistance is the sum of that due the acceleration of
the air flowing from the chimney-top, the friction in the chim-
ney-flue, the resistance in the fuel-bed, and those in the boiler
and ash pit. It may be measured either in head of cold air or
of hot gases in the chimney-flue ; the one is equal to the product
of the other into the ratio of temperatures. We will adopt the
usual method and measure it in head of hot gas.

Péclet and later writers take this head as equal to

. 2—:"(1+G+%>=<O.96$_t2) H=h-;

in which u is the velocity of flow through the chimney; ¢ meas-
ures the resistance at the grate ; / is the coefficient of friction of
gas flowing over flue surfaces ; ( is the length of flue traversed ;
m is the “ hydraulic mean depth” of flues; H is the height of
chimney ; and ¢, and ¢, are the absolute temperatures of chimney-
flue and of external air.t

Of these several terms in the first member of the equation,
the first is the resistance due to acceleration ; the second and third
the friction resistances in furnace and flue. The first and last
are obviously direct functions of the same quantity, > Their

* This is by no means certain, however, as it is not improbable that the appas-
ent maximum in Nos. 8 and 5 may be due, in part, if not wholly, to a decreasing
resistance at the grate, caused by an undetected consumption of fuel supposed
to have been completely burned before the record was begun. The fact that, in
No. 2, in which the grate was removed and the stack left'open, all resistances be-
ing those of chimney-friction, no maximum was found, is particularly signifioant.

_ { Rankine, Steam Engine, 1859.
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values are expressed with sufficient accuracy for our present
purposes by the usual measures, / = 0.012 being the coefficient
of friction found by Péclet. For square or circular flues m is
one-fourth the diameter, or the side. The second term is, how-
ever, not so evidently a constant factor of energy of gas-flow in
the chimney. It is easy to see that it is probably variable in
all cases, and that its value varies approximately inversely as the
absolute temperature of chimney.

In all cases of good practice the air entering the fire is raised
to the same maximum temperature, whatever its volume or
weight. Practically complete combustion can be secured at any
usual rate of chimney-draught. This being the case, the maxi-
mum temperature of the fire is substantially the same for all
ordinary good practice, and its variation is dependent not upon
the chimney temperature, but on the proportion of air admitted
to dilute the products of combustion. Assuming that the cases
considered thus represent good practice, or the same quality of
practice in this respect, the movement of the air through the fuel-bed
and grate is effected at temperatures absolutely independent of the
chimney temperatures, and, in the assumed cases, constant. The
resistance at the grate is proportional to the mean square of
the actually occurring velocities at the thus fixed invariable

2 42

temperatures, and the value of (7 thus becomes * t’t ; in which
1
@8 a constant easily determinable for any given case, and usu-
ally not far from 2 ; ¢ is the absolute temperature representing
the mean within the fire, which temperature is usually, in com-
mon practice, probably not far from 2,000° on the absolute Fahr-
enbeit scale, or, approximately, 1,500° on the common scale, and
sensibly constant.

The weight of air discharged from the system is measured,
8t any point in its path, by the product of its velocity and
density.  Since u is the velocity of discharge at the chimney-
top,and as ¢, is taken as its temperature at that point, the weight

discharged must be proportiopal to « x % ; thence
1

= o[aon(om b -a)e (1+5e 4)0vi]

in which, if G be taken as constant, a maximum is found wher
7
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t,=2.1 t,, nearly. If in any case, also, the value of (7 may be
neglected beside those of the two other terms, the same result
follows. In the actual case the value of ( is variable, and the
maximum may be found, but at higher temperature than has
been previously supposed. Itis obvious that where the fric-
tional resistance in the flue is small, as when the flue section is
comparatively large, or the velocity of upward flow is small, the
maximum is found at a high temperature. The same is true
when the resistance of the fuel is large, as when the thickness
of the fire is great or the fuel is exceptionally fine or of mixed
sizes, while the opposite conditions of rapid flow in the stack,
or of very thin fires, produce a maximum efficiency of draught
at temperatures more nearly approaching that given by the com-
monly accepted analysis.

It is thus seen that, if we may adopt the theory here sug-
gested in modification of Péclet and Rankine, both the facts of
experiment and the deductions of our theory confirm the proposi-
tion that the maximum draught, in the sense in which the term
is here used, ordinarily, if not invariably, occurs at a tempera-
ture far above that found in good steam-boiler practice, and
above that previously supposed ; that maximum rising as the
resistance at the grate increases and as the resistance in the
stack decreases. It is probably rarely found at temperatures
less than 700° or 800°, or very probably 1,000° Fahr. (538° C.)

In the example above taken it has been seen that the resist-
ance at the grate is above 904 of the total. In a series of exam-
ples reported by Clark this difference is often shown to be enor-
mously in excess of this proportion.* In examples of what may
be taken to be common and good practice the rate of flow in the
flue is found to be from one-half to one-seventeenth the acceler-
ation due the head, which means that the resistances in the
boiler approached three-fourths the total, as a minimum, and
attained above 99< in some cases. The usual proportion seems
to be about one-eighth the rate of acceleration, or over 98¢ of
total resistance at the boiler. The proportion of the resistance
at the fuel-bed to the total is a trifle lower, and it may be stated
without much doubt that the resistances in ordinary steam-boiler
practice are principally—probably at least 95. —at the grate :
that this determines the rates of flow; and that no maximum
draught is likely to be approached at any temperatures occur-

* Steam Engine,vol. i.chap. xxxiv,
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ring in the chimney, the actual maxima falling more commonly
at points on the scale between 800° and 2,000° Fahr.

An incidental, but none the less interesting and important,
outcome of this investigation is obtained from a comparison of
the pressure curves for the several cases given. It is seen that
they vary with the quantity of air passing through the stack,
and that we have an independent cuarve for each run, correspond-
ing to each delivery curve. The pressures depend, therefore,
on other than temperature-differemnces ; otherwise, were they
dependent, as Rankine assumes, on those differences alone, we
should have but one curve for the whole senes, and that identi-
cal with the Rankine curve, which is shown as deduced for the
stack here employed. The Rankine curve is higher than the
actual curves by a quantity which is substantially the measure
of the chimney-friction.

While the facts here revealed as derived from direct appeal
to nature in this matter may aid us in our endeavor to learn the
true philosophy of the phenomena of chimney-draught, the
writer would hardly venture to claim that they will prove a bet-
ter guide in the design of chimneys than that experience which
is now so ample in this field of engineering work. As he has else-
where stated, current successful practice must be the ultimate
and unquestionable guide in all standard and usual practice ;*
but where exceptional conditions must be met, where no pre-
cedent exists, the construction of an exact theory becomes im-
portant.

#* Manual of Steam Botlers. New York J. ‘V)ley & Sons. Revmed edition, 1890.




APPENDIX.
Lo oF TEsT TRIALS.—DATA.

FIRST TEST.
Moxpay, Apri 21, 1890.

1st Run : Time, 10.80-10.85. Anemometer, 89351
80856
‘ 8495
Cubic feet of air per minute, 126.5.
TEMPERATURE. ° PRESSURE.

Stack. Room. Left. Right,
940 66 1.412 1.164
955 @8 1.418 1.150
960 68 1.414 1.161
965 68 1.410, 1.167
960 —_ B — —
— 68 1.412 1.158
965 1.153

Corrected, —_—
1101 .259 Difference.
1101 — 68 = 1008°.
2d Run : Time, 10.40-10.45}. * Anemometer, 80856
72988
For 6} min. = 7868
5« = 7500
Cubic feet of air per minute, 112.11.
TEXPERATURE. X PRESSURE.

Stack. Room. Left. Right.
980 68 1.410 1.158
980 68 1.412 1.158
990 68 1.412 1.158
980 68 _ B —
970 — 1.411 1.158
— 68 1.153 .

082 _
Corrected, .258 Difference.
1181
1181— 68 = 1063°.
8d Run: Time, 10.51-10.56. Anemometer, 72084
85748
7241
Cubic feet of air per minute, 108.55.
TEMPERATURE. PRESSURE.

Stack. Room. Left Right.
850 68 1.401 1.165
840 68 1.410 1.158
830 a8 1.410 1.157
830 — _— _
880 68 1.407 1.160
-— 1.160
836 R —

Corrected .247 Difference.
966

9656 — 68 = 897,
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4th Run: Time, 10.57-11.02. Anemometer, 85748
. 59129
6614
Cubic feet of air per minute, 105.82.
TEMPERATURE. PrEssURE.

Stack. Room. Left. Right.
815 68 1.413 1.160
815 69 1.410 1.164
810 = —_— —_—
805 69 1.412 1.162
795 1.162
5_03 .250 Difference.

Corrected,
984
984 — 69 = 865°.

5th Run : Time, 11.05-11.10. Anemometer, 59129

50278

8841

Cubic feet of air per minute, 181.41.
TEMPERATURE. PRESSURE.

Stack. . Room. Left. Right.
760 69 1.410 1.161
750 ('] - - 1.409 1.165
740 ‘— —_— _
720 69 1.4095 1.163
710 1.163
-7— * .2465 Difference.

Corrected, ®
858 — 69 — 784",
6th Run: Time, 11.55}-12.004. Anemometer, 950280
9407568
9422
Cubic feet of air per minute, 189.73.
'l‘nnlm;nn:. PRESSURE.

stack. Room. Left. Right.
765 78 1.415 1.164
780 74 1.417 1.160
785 - 1.416 1.160
745 74 —_— —
740 1.416 1.161
—_— 1.161 *

743 .
Corrected, .254 Difference.
860
860 — 74 = 786°.
7th Raun : Time, 12.09-12.14. Anemometer, 840758
931022
9736

Cubic feet of air per minute, 144.21.

101
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TEMPERATURE. PRESSURE.

Stack. Room. Left. ht.
680 2 1.408 1.17
675 72 1.408 1.176
660 73.5 1.415 1.175
650 - 1.410 1.165
645 78 —_— D —
635 1.410 1.178
—_ 1.178
657 _

Corrected, ..287 Difference.

768 .

768 — 73 = 690°.
8th Run : Time, 13.17-12.22. Anemometer, 931022
921146
9876
Cubic feet of air per minute, 146.28.
TEMPERATURE. PRESSTRE.

Stack. Room. Left. Right.
615 2 1.415 1.167
610 ? 1.400 1.180
600 — 1.407 1.179

. 580 (] _— —_—
576 1.407 i 1.179
565 1.179
596 .228 Difference.

Corrected,
693
698 — 72 = 621°.

9th Run : Time, 12.32-12.87. ¢ Anemometer, 921146

911710

9486

Cubic feet of air per minute, 189.95.
TEMPERATURE. PRESSURE.

Stack. Room. Left. mqm.
500 (e’ 1.400 1.180
495 ? 1.895 1.192
490 ] 1.897 . 1.180
490 — 1.880 1.195
485 ? —_— —_—
—_ 1.895 1.192
492 1.192

Corrected, —_—
576 . Difference.
: 575 — 73 = 508°.
SECOND TEST.
1st Run: Time, 8.12-3.17. Anemometer, 911710
900467
11248

Cubic feet of air per minute, 165.8.
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TENPERATTRE. PRESSTRE.

Stack. Room. Left. Right.
30 76 1.452 1.
7135 76 1.445 1.213
700 - -— -—
680 76 1.448 1.210
—_ 1.210
708 —_— ‘

Corrected, .238 Difference.
815
815 — 76 = 739°.

24 Run : Time, 8.21-3.26. Anemometer, 900467

888621

10846

Cubic feet of air per minute, 160.1.
TEMPERATCURE. PRESSURE.

Stac Room. Left. Right.
625 7 1.488 1.320
615 78 1.440 1.216
610 8 1.443 1.212
602 — 1.433 1.225
595 78 _— S —
—_ 1.487 1.218
611 1.218

Corrected, _—
710 .215 Difference.
710 — 78 = 632",
8d Run : Time, 3.31-3.386. Apemometer, 889618
879156
10462
Cubic feet of air per minute, 154.61.

Stack TEMPERATURE. R Left PrESSURE. nt
> . oom. . .
5 78 1.480 %28
555 78 1.488 1.226
550 78 1.425 1.232
545 — —_ —_—
540 78 1.429 1.229
—_ 1.229
552 -—

Corrected, .200 Difference.
643
643 — 78 = 585°.

4th Run: Time, 4.054.10. Anemometer, 879150

. 869889

9260

Cubic feet of air per minute, 187.42.
TEMPERATURE. PRESSURE.

stac] Room. Left. Right.
440 4 1.425 1.245
438 2 1.420 1 250
435 4 1.417 1.248
4 (] o —_—
430 —_ 1.422 1.248
_— 78 1.248
485 —_

Corrected, .174 Difference.
311

811 — 78 = 488°.
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5th Run : Time, 4.25-4.80. Anemometer, 869858
860816
9087
Cubic feet of air per minute, 134.24.
TEMPERATURE. PRESSURE. .

Stack. Room. Left. Right.
400 5 1.410 1.260
807 (i} . 1.415 1.258
395 —_ 1.415 1.258
389 % R —— -—
— 1.418 ' 1.255
308 1.255

Corrected, —_—
469 .158 Difference.
469 — 75 = 394°.
6th Run : Time, 5.04}-5.094%. Anemometer, 860816
852449
8369
Cubic feet of air per minute, 124.69.
TEMPERATURE. PRESRURE.
Stack. Room. . Left. Right.
385 70 1.400 1.270
835 70 1.400 1.272
388 — 1.407 4.267
882 70 —_— -—
880 1.402 1.270
_— 1.270
833 -_—
Corrected, .182 Difference.
395
895 — 70 = 825°.
7th Run: Time, 5.194-5.24}. Anemometer, 852449
844560
7889
Cubic feet of air per minute, 117.81.
TEMPERATURE. PRESSURE.

Stack. Room. Left. nght.
275 k(3 1.400 1.275
276 76 1.897 1.275
280 — -— -—
280 76 1.399 1.275
—_ 1.275
278 -—

Corrected, ’ .124 Difference.
333
888 — 76 = 257°.
8th Run : Time, 7.16-7.20. Anemometer, 844560
837700
6360

Cubic feet of air per minute, 108.1.
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TEMPERATURE. PRESSURE.

Stack Room. Left. ht.
205 64 1.895 1.
201 68 1.206
200 66 -—_

200 — .100 Difference,

_— 66

200

Corrected,
244
244 — 66 = 178°.

9th Run : Time, 8.00-8.05. Anemometer, 837700

885225
2475
Cubic feet of air per minute, 40.4.
TEMPERATURE, PRESSURE.
Stack. ([Ther.] Room. Left. Right.
83 1.480
1.365
.115 Difference.
82 — 58 = 24°.
THIRD TEST.
Aprid 22, 1890.
1st Ran: Time, 1.14§-1.194. Anemometer, 0099400
91263
. 8187
Cubic feet of air per minute, 121.87.
TEMPERATURE. - PrEssURE.

Stack. Room. Left. Right.

1000 ™ 1.500 1.244
980 73 1.500 1.244
975 - 1.495 1.247
930 (p) 1.500 1.243
940 — —_—

_ 1.498 1.244
971 . 1.244

Corrected, —_
1108 .254 Difference.
1108 — 72 = 1036°.
2d Run : Time, 1.21-1.286. Anemometer, 91263
8300
Cubic feet of air per minute, 123.7.
TEMPERATURE. PRESAURE.

Stack. Room. Left. Right.
925 (L] 1.498 1.244
925 (p] 1.500 1.245
915 — 1.495 1.244
900 ¢] S . —_—
898 1.498 » 1.244
—_— 1.244
913 -_—

Corrected, .254 Difference.

1052

1082 — 72 = 980°.
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8d Run : Time, 1.803-1.854. Anemometer, 82964
73900
9064
(Cubic feet of air per minute, 184.61.
TEMPERATURE. PRESSURE.

Stack. Room. Left. Right.
850 74 1.495 1.247
830 76 1.498 1.250
820 — 1.490 1.253
820 . —_— -
810 1.498 1.250
— 1.250
828 _—

(‘orrected, .248 Difference.
954
954 — 76 = 878".

4th Run : Time, 1.40-1.45. Avnemometer, 73900

. 64190
971
C'ubic feet of air per minute, 148.87. °

TEMPERATURE. PRES&URE.

Stack. . oom. Left. Righbt.
751 4.5 1.492 1.252
746 5 1.488 1.260
735 — —_ —
725 1.490 1.256
—_ 1.256
T2 :

(‘orrected, .234 Difference.
836 .
886 — 75 = 761°,
5th Run : Time, 1.50-1.55. Anemometer, 64190
54700
9481
Cubic feet of air per minute, 140.6.
TEMPERATURE. PRERSURE.
Stack. Room. Left. Right.
670 76 1.485 1.260
665 4 1.484 1.260
660 -— —_ —_——
652 1.485 1.260
645 1.2060
685 * —
—_— .225 Difference.
654
Corrected,
759
759 — 75 = 684",
6th Run : Time, 1.59-2.04. Anemometer, 954709
945264
9445

Cubic feet of air per minute, 140.09.
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TXMPERATURE. PRESSURE.

Stack. m Teft. Right.
810 78 1.485 1.260
605 74 1.488 1.265
600 — 1.470 1.268
595 74 —_—
580 1.481 1.2685
585 1.285
597 ’ .216 Difference.

Corrected,
694
684 — 74 = 620°.

7th Run : Time, 2.08-2.13. Anemometer, 945264

985975

. 9289

Cubic feet of air per minute, 137.81.
TENMPERATURE. PRESSURE.

Stack. Room. Teft. Riagglst
560 4 1.478 1.
553 73 1.477 1.268
549 . - 1.480 1.265
545 —_ —_—
533 1.478 1.267
535 1.267

.211 Difference.
Corrected,
648
648 — 73 = 575°.

8th Run : Time, 2.54-2.59. Anemometer, 0100185

0091762

8378

Cubic feet of air per minute, 124.72.
TEMPERATURE. PRESSURE. .

Stack. Room. Left. Right.
415 78 1.460 1.292
410 78 1.460 1.296
408 - 1.464 1.202
405 —_— _
404 1.461 1.292

1.203

408 : -

Corrected, .168 Difference.
480
480 — 78 =407°.

9th Run: ‘iime, 8.49-8.54. Anemometer, 91762
84068
7694

Cubic feet of .air per minute, 115.02.

-
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TEMPERATURE. PRESSURE,

Stack. Room. Left. Right,
845 76 1.450 1.310
845 ¥, 1.454 1.308
348 —_— _— —_—
843 1.452 1.809

—_— 1.809
344 _

Corrected, .148 Difference.
407
407 — 75 = 882°.

10th Run: Time, 4.814—4.373}. Anemometer, 84060
76234
8826 for 6 min.
7355 .t 5 (13

Cubic feet of air per minute, 110.18.
L]
TENMPERATURE. PRESSURE.

Stack. Room. Left. ht.
801 4 1.450 1].%20
301 4 1.820
801, — _

801 130 Difference.
801
801
Corrected,
368 368 — 74 = 294°.
11th Run: Time, 4.51-4.56. Anemometer, 975284
68125
7109
Cubic feet of air per minute, 105.69.
TEMPERATURE. PRESSURE.

Stack. oom. Left. t.
> b} 1.445 1.
255 V] 1.445 1.834
255 —_ - —_—
255 ? 1.445 1.888

255 . 1.838

, 254 .112 Difference.
Corrected,
805 805 — 72 = 288o.
12th Run: Time, 9.08-9.13. Anemormeter, 968125
962786
. 5889
Cubic feet of air per minute, 82.08.
TEMPERATURE. PRESSTRE.
Stack. Room. Left. Right.

150 66 1.468 1.

148 66 1.472 1.895

149 1.470 1.898

Corrected, 1.898

186

Es_ Difference.
186 — 66 = 120°.
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FOURTH TEST.
April 28, 1800.
1st Run: Time, 11.54}-11.59}. Anemometer, 960340
950400
9940
Cubic feet of air per minute, 147.18.
TEMPERATURE. PRESSURE.

Stack. Room. Left. Right.
750 68 1.623 1.580
730 (] 1.620 1.880
722 — 1.616 1.385
25 68 —_— —_
710 1.619 1.881
— 1.881
™7 —_—

Corrected, .238 Difference.
842
842 — 68 = 774°.

2d Ruan: Time, 12.02-12.07. Anemometer, 950400

940200

10200

Cubic feet of air per minute, 150.88.
TEMPERATURE. PRESSURE.

Stack. Room. Left, Right.
690 1.617 1.
685 69 1.616 1.388
680 — 1.615 1.884
67 70 _— —_—
660 1.616 1.885
650 1.3856
672 .281 Difference.

Corrected,
79
779 — 70 = 709°.

8d Run: Time, 12.09}-12.14}. Anemometer, 940195

. 930200

9995

Cubic feet of air per minute =147.95.
TEMPERATURE. PRESSURE.

Stack. Room. Left. Right.
625 69 1.618 1.390
615 69 1.611 1.380
610 — _ —_—
600 69 1.612 1.800
595 1.890
609 .222 Difference.

Corrected,
708
708 — 69 = 639°.
4th Ran : Time, 123.18-12.28. Anemometer, 930200
920575
.9625

Cubic feet of air per minute =143.65.
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TEMPERATUREK. PRESSURE.

Stack. Room. Left. Right.
560 70 1.610 1.400
550 0 1.612 1.308
540 — _ _—
585 70 1.611 1.899
530 1.399
548 .212 Difference.

Corrected,
633
633 — 70 = 568°.

5th Run: Time, 12.32-12.87. Anemometer, 920500

911390

8110

Cubic feet of air per minute, 135.29.
TEMPERATURE. PRESSCRE.

Stack. Room. Left. Right.
465 70 1.599 1.414
460 70 1.595 1 419
455 — D _—
450 70 1.597 1.417
445 1.41%

445 .180 Difference.
Corrected,
533
588 — 70 = 460°.
6th Run : Time, 12.56-1.01. Anemometer, 911390
901525
9865
Cubic feet of air per minute, 122.56.
TEMPERATURE. PRESSURE.

Stack. Room. Left. Right.
880 mn 1.591 1.434
gz& mn 1.592 1.432

7 -— —_ —_—
387 1.592 1.438
368 1.438
78 ".159 Difference.
Corrected,
40
440 — 71 =3870°.
7th Run: Time, 1.10-1.15. Anemometer, 900788
892823
7915

Cubic feet of air per minute, 118.2.
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TEMPERATURE. ' PRESSURE.

Stack. Room. Left. Right.
150 1 1.588 1.440
345 n 1.588 1.442
845 —-— « —_— —_—
345 1.587 1.441
340 1.441
3_43 .146 Difference.

Corrected,
408
408 — 71 =837°.

8th Run : Time, 2.35-2.40. Anemometer, 892825

885990

6835

(C'ubic feet of air per minute, 102.75.
TEMPERATURE. PRESSURE.

Stack. Room. Left. Right.
255 69 1.585 1.480
255 69 1.590 1.475
252 - 1.580 1.480
252 69 —_ E—
251 1.588 1.478
— 1.478

Corrected, .116 Difference.
804 — 69 = 285°. ]
9th Run: Time, 4.24-4.29. Anemometer, 885990
880339
5651
Cubic feet of air per minute, 85.82.
T EMPERATURE. PRESSURE.

Stack. Roonr. Left. Right.
305 69 1,595 1.520
205 69 1.595 1.520
205 — —
205 69 . 1.595 1.520
_— : 1.520
205 . _—

Corrected, .075 Difference.
205
205 — 69 = 136°.

10th Run: Time, 8.56-9.01 p.M. *  Anemometer, 80840

76187

4153

Cubic feet of air per minute, 64.4.
TEXPERATURE. PRESSURE.

Stack. Room. Left. Right.
135 70 1,610 1.568

1.608 1.568
1.609 1.
1.568

.041 Difference.

185 — 70 = 65°.

111
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11th Run: Time, 8.813;-8.863. Anemometer, 76187
76090
97
('ubic feet of* air per minute, 18.886.
TENPERATURE. PRESSURE.

Stack. Room. Left. Right.
80 58 1.637 1.633
80 58 1.640 1.633
80 1.638 1.638

1.633
.005 Difference.
80 — 58 = 22°,

FIFTH TEST.
April 24, 1890.

1st Run: Time, 1.063-1.113. Anemometer, 766684
769720

6964
Cubic feet of air per minute, 104.6.

Temperature of room, 62°.
Temperature of stack determined by Pouillet’s pyrometer.
Weight of piece of iron, .066 Ib.
Tempemture of water after, (8.25

« before, 60.20
8.05°
.11 x .066 (T — 68.25) = 2 (68.25 — 60.2)
T = 2280°
2280 — 62 = 2220°.
PRESSURE.

Left. Right.
1.792 . 1.516
1.790 : 1.520
1.798 . 1.510
1.794 1.517

1.517

.271 + .011 (correction) = .285 Difference.

2d Run : Time, 1.81-136. N Anemometer, 759720
752450

7270

Cubic feet of air per minute, 108.97.
Temperature of room, 62°.
Temperature of stack determined by Pouillet’s pyrometer.
Weight of iron ball, .085 1b.

Temperatnre of water after, 75.4
" before, 68.0

7.4
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085 x 11 (T—75.4)=
T = 2140°
2140 — 62 = 2078°.
PRESSURE.
Left.
1.790 . 1.520
1.792 1.515
1.78% 1.524
1.792 1.515

1.789 . 1.518
1.518

.269 Difference.
269 + .011 (correction) =

8d Run: Time, 23.14-2.19. : Anemometer, 851775
843090

8680
Cubic feet of air per minute, 129 21.

Temperature of room, 60°.
Weight of iron Ball = .068 Ibs.
Temperature determined by Pouillet’s Pyrometer:

'I‘empenture of water after, 62.2
“ before, {58 4

8.8
11x.068(7'—62.2) =17.6
T =1077°
1077 — 60 = 1017°.

PRESSURE.

Left. Right,
.778 1 %44

1
1.775 1.550
1.774 1.550

1.778 1.548
1

.228 Difference.
.228 + .011 (correction) = .289 Difference.

4th Run: Time, 2.88-3.88. Anemometer, 848090
. 835026

' 8063
Cubic feet of air per minute = 120.85.

TEMPERATURE. PRESSURE.

Room. Left. Right. -
1.760 1.560
70 1.756 1.564
—_ 1.768 1.562
638 1.562

196 + .011 (correction) =
6383 — 70 = 568°. [Dlﬁerenee.

gesf
133
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5th Run: Time, 3.89-8.45. Anemometer, 834910
826770
8140
Cubic feet of air per minute, 101.97.
TEXPERATURE. . PRESSURE.

Stack. Room, Left. Right.
395 69 1.740 1.604
305 69 1.744 1.600
390 — _— __
—_ . 1.742 1.602
393 1.602

.140 + .011 (coirection) = .151
893 — 69 = 324°. [Difference.
6th Run: Time, 4.27{—4.82} Anemometer, 9826770
. 9820392
6378
Cubic feet of air per minute, 86.22.
TEMPERATURE. . PRESSURE.

Stack. Roum. Left. Right.
820 68 1.744 1.619
320 - 1.750 1.620
820 1.750 1.620
820 1.748 1.620

1.620
T% + .011 = .189 Difference.
820 — 63 = 25.2°. .

7th Ran: Time, 9.50-9.55. Anemometer, 320400

818732

1668

Cubic feet of air per minute, 28.56.
TEMPERATURE. PRESSURE.

Stack. [Ther.] Room. Left. ht.
75 63 1.782 1.784
kil 1.780 1.734
75— 68 = 1% 1.781 1784

1.781
.003
—.003 + .011 = .008 (real pressure).
[ )
SIXTH TEST.
April 29, 1890, A.M.

1st Ran: Time, 10.40}-10.45%. Anemometer, 960750

950420
108380

Cubic feet of air per minute, 152.8.
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TEMPERATURE. PRESSURE.

Stack. Room, Left. L
680 68 1.440 1.206
670 68 1.825 1.216
625 —_ D —— —_—
—_ 1.4383 1.211
658 1.211

-73:22 Difference.
658 — 68 = 590°.
2d Run: Time, 10.48-10.58. Anemometer, 950420
940500
9920
Cubic feet of air per minute, 146.88.
TEMPERATURE. PRESSURE.

Stack. Room. Left. nght.
590 68 1.439 1.210
570 68 1.420 1.235
555 -_— 1.442 1.208
540 —_ -
—_ 1.433 1.214
551 1.214

.219 Difference.
55168 = 483°.
8d Run : Time, 10.55-11.00. Anemometer, 940500
981150
9850
Cubic feet of air per minute = 188.72.
. fEurERatURS. PRESSURE.

Stack. Room. Left. t.
520 68 1.410 1.
500 (] 1.418 1.228
490 - 1.410 1.285
480 —_— —_—
-— 1.411 1.283
498 1.232 .

_._17; Difference.
498 — 68 = 430°.
4th Run: Time, 11.03-11.08. Anemometer, 981150
921990
9160
Culic feet of air per minute, 186.00.
TENPERATURS. PREsSURE.

Stack. Room, Left. Right.
455 70 1.404 1.
445 70 1.415 1.281
480 - 1.417 1.225
43 1.412 1.283

1.282
._180 Difference.

448 — 70 = 878",
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6th Run: Time, 11.124-11.17}. Apemometer, 921990
913200
8700
Cubic feet of air per minute, 129.42.
TEMPERATURE. PRESSURE.

Stack. Room. Left. mﬁ;
410 70 1.410 1.
890 ° 1.892 1.255
400 71 1.401 1.245

: 1.245
.156 Difference.
400 — 71 = 829°.

6th Run : Time, 11.88-11.88. Anemometer, 918290
905298

-8000

Cubic feet of air per minute, 119.41.
TEMPERATURE. PRESSURE.

Stack. Room. Left. Right.
840 ke 1.885 1.
830 1.893 1.245
335 1.889 1.247

1.247
.142 Difference.
885 — 72 = 263°.

7th Run: Time, 11.58-12.04. Anemometer, 905294
897487

6 min. = 7807

5 ¢ = 6505

Cubic feet of air per minute, 98.03.
TEXPERATURK. PRESSURE.

Stack. Room. Left. ht.
2370 0 1.890 1.250
270 1.388 1.260
—_— 1.896 1.254

1.891 1
1.255
.186 Difference.
270 — 70 = 200°.

SEVENTH TEST.

April 20, 1890, P. M.
1st Ran : Time, 1.58-2.08. Anemometer, 897486
. 886918

10568
Cubic feet of air per minute, 156.46.
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TENPERATURE. PRESSURE.

Stack. Room. Left. Right.
800 (7 1.472 1.319
790 - 1.468 1.225
™0 -— —_
—_— 1.470 1.218
85 1.218

Corrected, . —_
910 .252 Difference.
910 — 74 = 886°.
2d Run : Time, 2.08-2.18. Anemometer, 886918
878750
8168
Cubic feet of air per minute, 116.91.
TEMPERATURE. PRESSURE.

Stack. Room. Left. Rl%
900 76 1.478 1.
840 76 1.465 1.280
810 -_ 1.468 1.280
850 1.468 1.237

1.227
El Difference.
850 — 76 = 774",
3d Run: Time, 2.15-2.20. Anemometer, 878750
868980
9820
Cubic feet of air per minute, 145.44.
s TEMPERATURE. oo Len PRESSURE. -ht
. m. o .
It 76 1.468 lmﬁso
720 76 1.462 1.280
710 - 1.465 1.283
690 —_— —_—
— 1.465 1.281
kp V) 1.281
.284 Difference.
713 — 78 =636°.
4th Run: Time, 2.224-2.27;. Anemometer, 868930
859570
9860
Cubic feet of air per minute, 188.87
TEXPERATURE. PRESSURE.
Stack. Room. Left. mslzt.
660 75 1.456 1.248
640 7% 1.465 1.285
685 —_— 1.465 1.285
630 1.453 1.247
641 1.459 1.340
1.240
919 Difference.

641 ~ 75 = 566
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5th Ran: Time, 2.80-2.85. Anemometer, 859570
840098
9572
Cubic feet of air per minute, 141.9.
TENPERATURE. PRESSURE.

Stack. Room. Left. nght.
605 G 1.477 1.225
600 5 1.450 1.245
590 —_ 1.480 1.226
580 —_ -
— 1.469 1.232
594 1.282

.287 Difference.
504 — 75 = 519°.
6th Run: Time, 2.38-248. Anemometer, 849998
: 840702
: 9206
Cublic feet of air per minute, 187.95.
TEMPERATURE. PRESsURE.

Stack. Room. Left. Right.
560 64 1.455 1.250
550 - 1.480 1.254
545 —_— —_—
540 1.452 1.252
—_ 1.252
552 —_—

.200 Difference.
552 — 64 — 488°.
Tth Run: Time, 2.50-2.55. Anemometer, 840702
832242
8460
Cubic feet of air per minute, 125.978.
TEMPERATURE. PRESSURE.

Stack. Room. Left. Right.
510 73 1.445 1.260
505 — 1.456 1.254
495 1.444 1.264
508 1.448 1.259

1.259
.189 Difference.
508 — 78 = 430e.
8th Run: Time, 8.13-8.18. Anemometer, 882242
824506
7786
(C'ubic feet of air per minute, 115.61.

TEMPERATURE. PRESSURE.
Room. Left. Right.
425 73 1.433 1.585

420 -— 1.446 1.275
410 —_— —_
—_ 1.442 1.280
418 1.280

——18‘4; Difference.
418 — T8 = 84b°.
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9th Rinn: Time, 8.59-4.04. Anemometer, 824508
817480
7026
Cabic feet of air per minute, 105.457.
TEMPERATURE. PRESSURE.

Stack. Room. Left. ngl())ts
200 k(3 1.435 1.
286 —_ . 1.436 1.808
290 1.435 1.811
292 1.485 1.808

1.808
.127 Difference.
292 — 75 = 3170
10th Run: Time, 5.15-5.20. Anemometer, 817480
811400
6080
Cubic feet of air per minate, 91.84.

TEMPERATURE. PRESSURE.

Stack. Room. Left. Right.
288 76 1.440 1.336
—_— 1.480 1.842

1.485 1.8389
1.389
: .096 Difference.
. 288 — 70 =»1820.
11th Run: Time, 7.85-7.40. Anemometer, 811500
805920
5580
Cubic feet of air per minute, 84.794.

TEMPERATURE. PREssURE

Stack. Room. Left. i Right.
172 (P 1.455 1.365

—_ - 1.865

.090
1723 — 72 = 1000.

DISCUSSION.

Prof. J. B. Webb.—In the opening paragraph of this paper we
are told that it is “ time to ascertain by direct experiment whether
the premises on which the mathematical treatment is based are
those of practice,” and that the writer planned an investigation
to settle whether there is a temperature of maximum delivery
within the range of temperature of chimneys as attached to the
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steam-boiler, and that the work was all done by students who
contributed many ingenious devices for eliminating obstacles,
ete.

‘We therefore naturally expect the paper of thirty-five pages
to contain a complete description of a well-planned apparatus,
including the ingenious devices, instead of which, but one para<
graph is devoted to it, and we are -told simply the size, shape,
and material of the stack, and that it had under it a specially
constructed removable grate, not otherwise described. No
ingenious device is mentioned, unless it be this grate; the
removability of which was certainly a highly ingenious device
for getting rid of it and the fire, with all the trouble of regulat-
ing and measuring the latter.

This grate, constructed “to eliminate all uncertainty as to
resistances,” seems not to have done 8o, for we read (third para-
graph) that uniform resistance was secured by allowing the
“fire to burn completely out, leaving a bed of ash,” or by
entirely removing the fire and closing the bottom of the stack
with a perforated cover.

Not only, then, was there no steam-boiler, but no fire—only a
heavy bed of ashes—in the apparatus which was to “give a cor-
rect solution of the problem from the stand-point of the engi-
neer” (see first paragraph);‘not of the mathematician, who is
popularly supposed to be guilty of such vagaries, but, of all
men, the engineer! The apparatus and its manner of use were,
then, about as far removed from practical conditions as possible.
As to the unchangeableness of the bed of ashes and the reliabil-
ity of most of the other conditions influencing the data, there
is room for a wide difference of opinion from that of the
paper.

As to the data themselves, they are so incomplete as to justify
little confidence in their accuracy. We are told (third paragraph)
that the work was onmly begun formally when uncertainty had
been eliminated by preliminary tests; and yet, in the first test
given, there is so much that it has not been admitted to the
graphical table.

No data are given as to the methods of standardizing and
using the pyrometers and anemometer, nor as to the opening sup-
plying the air. What the “ temperature of the stack ” means we
cannot even guess, except that it is probably the indication of the
pyrometer, which might have been placed in the stack in various
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ways and at various places, with scarcely any chance of getting
the temperature of the hot air as distinguished from that of the
walls of the stack. Moreoxer, as the wall of the stack was the
main reservoir of heat, the air could not have maintained a con-
stant temperature during its half-minute’s passage through the
stack. We notice, also, that the most of the space (twenty pages)
over which these tests are spread is devoted to repeated read-
ings of the two sides of the “ very finely divided pressure-gauge ”
(second paragraph), and of the temperature of the room.

In the face of all this, as to the apparatus and data, we can
hardly agree with the highly favorable view taken of these tests
in the fourth paragraph, that, “ Their study will probably settle
any question which may arise relating to the subject thus
investigated

After devoting only five pages to the apparatus and tests,
some random shots at theory are attempted.

The ninth paragraph (page 90) commences by stating that the
usual formula is “ obviously inaccurate in form,” containing *“an
entirely false set of assumptions ” (which, however, are mainly
relained by the author). It then goes on to mention certain
conditions under which this may seem to be the case, followed by
others having a contrary effect, and concludes by saying: “ In
such cases the maximum will evidently be found, at least approxi-
mately, where Rankine places it.”

This introduction is a type of what follows; things are *obvi-
ous” and “evident” until the attempt is made to explain them,
when they change color or contradiction ensues.

Thus the eleventh paragraph contains a rare piece of logic.
The first premise stated is, “Since the temperature of the
chimney in any boiler plant is a direct function of the coal
burned on the grate ” ; and the second is, “Since the quantity so
burned depends, in turn, on the draught” ; while a third premise
introduces a syndicate of “ maximums,” and begs the question.
Now, from the first and second, we might conclude that an in-
creased supply of air necessitates a higher chimney temperature,
but on page 97 we read that, “In all cases of good practice
the air entering the fire is raised to the same maximum tempera-
ture, whatever its volume or weight " ; and that, “ Its variation is
dependent, not upon the chimney temperature, but on the pro-
portion of air admitted to dilute the products of combustion”;
and, further, that, ““ The movement of air through the fuel-bed and grate
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18 effected at temperatures absolutely independent of the chimney tem-

ratures,” statements which seem to upset the above premises—
with the rest of the paragraph and to suggest, at least, that an
increased supply of air might, by diluting the products of com-
bustion, lower the chimney temperature.

The conclusion of this logical paragraph is, “ The discovery
of any one case in which the boiler chimney is delivering gas at
a higher temperature (than 600°) is thus sufficient to prove the
fallacy of the proposition,” that a maximum temperature can
exist; which conclusion may be answered by saying that the
discovery of any one case in which such a maximum appears is
sufficient to prove the fallacy of any attempt to show that it can-
not exist, and that such cases are acknowledged in numerous
places in the paper.*

We are not now taking ground either for or against a maxi-
mum temperature, but mildly criticising the paper, in fulfilment
of the duty to maintain the standard of our T'ransactions—a .
duty which should be felt by every member.

‘We are not able, by looking at a palm, to predict a fortune, nor,
by noticing hot gases pouring out of a chimney, to predict the
non-possibility, or otherwise, of a maximum temperature, and we
have no desire to discount the statement that (par. 11) “in hun-
dreds of cases—thousands probably,” exceedingly hot gases
from certain chimneys have been noticed by persons of sufficient
mtelhgence to know that they were red-hot or even flaming.
But when a paper acknowledges cases in which a maximum may
exist, and reports experiments showing one under other con-
ditions, any one with this much intelligence may be pardoned
for failing to see the evident obviousness of its arguments to the
contrary.

A more lengthy review of the paper would not be profitable,
and we leave it, with the mere suggestion of an apparatus,
planned some years since for such experiments, but which may
at some future time be presented to the Society in detail :

A brick chimney of rectangular section, say 30 to 50 feet high,
* with a strip of iron hung in it, 30 to 50 feet long, and as wide as
the rectangle, by means of which the sectional area could be
varied.

* The statement (page 96, third line from the top) that the ordinary analysis
assumes the chimuey friction to be the controlling quantity is not true, the great
resistance of the grate being well understood and allowed for.
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An upright tubular boiler, connected by an oil-seal with the
chimney and hung upon a scale so that its weight can be auto-
matically registered, with means also of measuring the water
furnished and evaporated ; by means of this boiler the change
of temperature of the gases while passing through the flues -
could be varied at will.

A separate grate and ash pit, connected with the boiler by
an oilseal and supported on scales so that its weight could be
automatically registered ; this would enable the weight of fuel
consumed per minute, and also the weights fired at intervals, to
be known. .

Ablower, connected with the ash pit by an oil-seal, so that any
pressure could be maintained therein; this would compensate
for the lack of variability in the height of the chimney and
enable the results to be reduced to any chimney height.

With such an apparatus experiments could be made, we be-
lieve, under practical conditions.

Prof. Jas. E. Denton.—A point which has not been mentioned
in the discussion is the citation, by the author of the paper, of
Isherwood’s Report, entitled Experiments with a Martin Water-tube
Boiler, for the purpose of proving that there was an increase of
dranght caused by an increase in the chimney temperature above
the 600°> which the theorem in Rankine’s T'reatise on the Steam-
engine declares to be productive of about the maximum draught.

I think this reference is unfortunate, and might be even mis-
leading. First, because the higher temperatures were not
accurately determined, and of the two experiments at 700° one
shows a reduction of draught as compared with that of 600°,
indicating that duplicate experiments might show much Iess
spparent gain in the draught at the highest temperature.
8econd, that inasmuch as the rows of 8-inch tubes, through
which the chimney gases had to flow, were reduced from 22 to
13 in number when the temperature in the chimney was in-
creaged from 600° to the highest limit, the reduction of resistance
to draught thus caused may have been responmsible for the
increase of draught which really occurred.

Prof. Horace B. Gale—The author of these experiments
renders a valuable service in recalling the discussion of chimney
draught to the solid ground of facts. Those placed before us
in this paper are both interesting, from a scientific stand-point,
and of practical value,
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The conclusions drawn from them, although not new, are now
placed upon a firmor foundation than before. The same con-
clusions were announced as a result of independent investigations
in a paper on Theory and Design of Chimneys,* presented by the
writer at the November meeting of last year. The error in the
generally accepted theory of Peclet and Rankine, to which
reference is here made, was also pointed out in that paper, and
a new theory was constructed on the same principles as are out-
lined in Prof. Thurston’s analysis.

The interest awakened by the discussion at that time brought
out a number of papers in defence of the old formuls, one of
which, by Prof. Wood,t was directed especially to the points
covered by the present experiments. In the writer's discussion
of that paper is made the statement, which is here derived
independently by Prof. Thurston, that the value of @ in
Rankine’s equation is variable, and proportional inversely to £.

The results given in the writer’s paper of a year ago agree so
thoroughly with those of the present experiments that each set
serves as a confirmation of the other. The conditions of the
experiments and the methods of investigation in the two cases
were, however, entirely different. A comparison of the methods
and results as set forth in the two papers will, I think, be
interesting, and will throw some light upon recent discussions.

The method used in these experiments is simple and direct ;
but the conditions differ from the usual conditions of steam
practice, in that the boiler, and the resistance offered by its
contracted passages to the gases of combustion, are here absent.

The writer’'s experiments, on the other hand, were not directed
especially to the question of maximum draught, but were made
primarily to determine a series of constants which could be used
in formule for the design of chimneys. All the measurements
were made upon boiler furnaces, under the ordinary conditions
of practice—the resulting formul® being as yet the only ones in
which all the coefficients necessary in a rational theory have
been thus determined.

Let us first compare the pressures given by these formule
with those of the experimental curves. Equation 2 of the recent
paper} gives, as “the excess of the external over the internal

* Transactions, Vol. XI., p. 451.
+ Chimney Draught, Transactions, Vol. XI., p. 974.
$ Vol. XI, p. 4565.
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pressure at the base of the chimney in pounds on the square

foot” 39 40
P=H (7 - :‘r‘> - P,

H is the height of the chimney, or, in this case, 32 feet.

T,is the absolute temperature of the air, which, in these
experiments, was approximately 70 + 461, or 531° Fahr.

T, is the mean absolute temperature of the gases in the stack.

P, represents the pressure required to overcome the chimney
friction.

The value of this last term, when worked out by Equation 4
of the paper,* is found to be sosmall as to be practically inappre-
cisble for any rates of delivery observed in these tests. We
may therefore neglect it, and put

39 40
P=1(7 - T)

We may now apply this formula to compute the pressures for
the points on the curves corresponding respectively to tempera-
ture differences of 200°, 400°, and 600°. The observed tempera-
tures of the chimney which would give these differences would
be 270°, 470°, and 670°. These temperatures, being taken near
the base of the stack, would, however, require to be corrected
for the cooling of the gases in passing from the bottom to the
top, in order to obtain the true mean temperatures.

The writer’s experiments give the value of this correctlon, for
around brick stack, as :

0003 HV A(T, — T,),
W

(8ee Equation 26, Theory and Design of Chimneys, Vol. XL.)

Ais the area of the flue, which is here 2.18 square feet, and
Kis the weight of gas delivered per second. The value of W
may be found by multiplying the mean delivery in cubic feet per
minute, as shown by the curves for each of the given tempera-
ture differences, by .074 (or the weight of a cubic foot at 70°),
and dividing by 60. The. resulting values make the corrections
for cooling of the gases in the stack for the three cases chosen,
22°, 33>, and 44°, respectively.

Subtracting these corrections from the corresponding observed

* Vol. XI., p. 455.
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temperatures at the base of the stack, and adding 461 to each
remainder, we obtain, as the probable mean absolute temperatures
in the stack, 709°, 898°, and 1,087°. s

Substituting these figures for 7, in the equation, and dividing
the resulting values of P by 5.2 (to reduce to inches of water),
we obtain calculated pressures as follows, which are here com-
pared with the average values shown by the curves.

Temperature Difference. Calculated Pressure. !Avmge of Obscrved Pressures.
N
200° .105 inch. ' .117 inch.
400° 178 ¢ ' 175
|

600° | 225 | 216

The calculated values agree with the observed values within
the limits of variation of the different experiments. .

Turning our attention now to the delivery curves, it appears
that the maximum was not reached at the same temperature
even when the conditions of the experiments were intended to
be similar. In this regard, it may be observed that the deter-
mination of & maximum point in a curve of this nature is a
matter of considerable delicacy, the slightest change in the form
of the curve being sufficient to shift the maximum to a very
noticeable extent. The accidental variations in the resistance
of the fuel-bed, which Prof. Thurston mentions as a cause of
these differences in the results, would probably be quite enough
to account for them. Such irregularities might be eliminated
by taking the average of a sufficient number of tests in which
the conditions were kept as nearly alike as possible.

Leaving out Experiments 2 and 6, in which the fires were
dumped, we have four curves representing the delivery of gas
under approximately similar conditions. Three of these show
fairly well-defined maximum points—No. 3 at 725°, No. 4 at
775°, and No. 5 at 1,150°, above the temperature of the air.
Curve No. 7, if continued, would apparently also reach a maxi-
mum not far from the same point as No. 5.

The average for these four curves is 950°, corresponding to
an observed temperature in the stack of 950 + 70, or 1,020°.
The correction for cooling, as computed by the formula previ-
ously given, would reduce this figure to 948°, which result may
be taken as representing our best knowledge of the probable
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mean temperature in the chimney required for maximum draught
under conditions corresponding to the average of these tests.

In the foregoing it has been assumed that the temperature
measurements were made at the base of the stack ; if the ther-
mometer was inserted above that point, the corrections for cool-
ing should be somewhat less, and the mean temperature cor-
respondingly higher. It is to be hoped that Prof. Thurston .will
add to his paper a few data of this kind which do not now appear
in it—such, for instance, as the dimensions of the grate, the
kind of fuel burned, the exact points where the measurements
of pressure and temperature were made, whether the tempera-
ture of the room, as given in the reports, represented also the
temperature of the column of air outside the chimney, etc.
These data would be valuable in the comparison of these results
with those of other experiments.

In the recent paper by the writer there was deduced a general
expression for the temperature of maximum draught for any
chimney and furnace of given dimensions. Now, if the theory
there employed is the correct one, and if the experimental values
of the various coefficients also were correctly determined, that
formula, when applied to the conditions of these experiments,
should make the temperature of maximum draught about 948°
Fahr. The equation, which is No. 38 of the paper on Zheory
and Design of Chimneys, is written as follows : *

40
39 T4/ 1+ Oy

. _ 40,
T,= 39 T, +

The symbols H, T,, and A have the values already given.

C is the coefficient of friction' of the gas on the sides of the
chimney, whose value for a brick-lined stack, as determined by
the writer’s measurements, is given as .016.

¥ is the inside circumference of the stack, which in this case
is 5.24 feet.

« is stated in the paper to be “the area of the openings
between the grate bars, plus the area of any orifices for the
admission of air above the fire.” These data are not given in
the report. Assuming the area a as approximately one-half that
of the grate, and a ratio of grate to chimney area of 8 to 1, would

* Vol. XI, p. 471.
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make @ equal to 8.72 square feet. If these assumptions differ
materially from the facts, Prof. Thurston will, I trust, correct
them. :

The only remaining factor to be evaluated is K, which is a
coefficient of resistance for the furnace. In an ordinary boiler-
furnace this quantity is the sum of the separate resistances of
the grate and fuel-bed, the boiler-tubes, the smoke-flue, etc. In
Equation 6 of the paper referred to, values based on the writer’s
measurements are assigned to these component parts of the
resistance, the coefficient for the grate and fuel-bed * being given
as .07. Now, in these experiments the resistance of the grate
and fuel-bed was practically the whole resistance of the furnace.
We may therefore put X = .07.

Substituting these values in the equation, and subtracting 461°
from the resulting value of 7', to reduce from the absolute to
the common scale, we obtain, as the calculated temperature of
maximum draught for the conditions of these experiments, 978°.

Thus these tests serve to confirm, to a certain extent, the
theory of draught proposed at the meeting of last November, as
well as the values determined by the writer for the experimental
coefficients.

The general results of the investigation, so far as relates to
the subject of temperature of maximum draught, were stated in
the recent paper in the following words : “It is evident that the -
temperature of maximum draught is not invariable, but depends
- upon the dimensions of the chimney and furnace. . . . Itis
also evident that this temperature can never be as low as that
given by Rankine’s formula. . . . The ordinary values of the
temperature of maximum draught would range from 1,000° to
2,000° on the common Fahr. scale.” +

The author of the present paper concludes, from his investiga-
tion, that “the actual maxima fall more commonly at points on
the scale between 800° and 2,000° Fahr.” Itis possible that, in
reaching this conclusion, Prof. Thurston has somewhat under-
estimated the frictional resistance due to the boiler, which, if
present, would increase the value of X and thus raise the tem-
perature of maximum delivery. The writer has in numerous
cases found this resistance, as measured by the method of press-
ure differences, equal to, and in some instances even larger than,
that of the grate and fuel-bed. A test of thiskind was reported

* Vol. XL, p. 459. $ Ibid., p. 471.
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in detail at the last fall meeting. As a result of a considerable
number of such measurements upon externally fired boilers of
various kinds, it would seem that the resistance of the fire-bed
alone is seldom more than two-thirds of the whole furnace
resistance.

It follows that, if an ordinary boiler furnace had been used for
these experiments instead of a special furnace without a boiler,
the resistance offered to the draught would have been consider-
ably greater, and would also have been steadier ; for the friction
in the boiler-tubes would be unaffected by variations in the fuel-
bed.

The difficulty in the way of an experiment of this kind would
be, of course, that the gases would be cooled so much by the
boiler that the temperature of maximum delivery could not be
reached. It might be approached, perhaps, if the ratio of tube
surface to grate were made rather small. In that case the fire
could be kept as hot as possible, and the chimney gases cooled
gradually by pumping cold water through the boiler, allowing
it to escape at the blow-off. An experiment of this kind would
be comparatively easy for any one having a boiler and chimney
adapted to the purpose, and might bring out some farther facts
of interest. One of the chief sources of error to be guarded
against in such an experiment would be the leakage of air
through the boiler-setting and walls of the chimney.

It would seem, however, that the work already done should
settle the question, as far as the old formule for draught are
concerned ; being supported neither by tenable theories nor ob-
served facts, they may safely be discarded for something better.

Prof. R. H. Thurston.*—The two gentlemen who discuss this
paper have given so admirable an illustration of opposite deduc-
tions, as of opposite attitudes and methods of treatment, that I
am not sure that I may not with propriety leave the subject to
them, and let the one balance the other—in so far as a destructive
can balance a constructive criticism. But little need be added, I
am sure. It would be fair to conclude, from the first of the two,
that the speaker is competent to do a much better piece of work
than this ; and we may consider him pledged to do so by his clos-
ing statements. When that apparatus, which we are assured will
illustrate the ingenunity and the perspicacity of its inventor, is
finally set at work in the manner indicated by him, we shall, I

* Author’s Closure, under the Rules.
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am sure, be given vastly more complete and more valuable re-
sults. I sincerely hope that we may soon be permitted to
admire and profit by them. At the moment, I can only regret
that we could not have obtained some facts and some general
information on the subject from him now.

I will, however, say, that it was not supposed, in preraring
the paper, that it was necessary to load it with descriptions of
details unessential to its immediate purpose; that the plan
adopted was for the purpose of securing just the data obtained,
evading the uncertainties which would enter with the introduc-
tion of unessential conditious; and that the standardizing of the
apparatus was considered so simple and so familiar a matter to
the average engineer interesting himself in such work, that it
would have been a waste of space and time to go into it. I
imagine that it is quite enough to say that it wes standardized,
and that the readings represent just what they purport to
represent. The “ temperature of the stack ” means exactly what
those terms imply. The pyrometers were plaoed in the middle
of the body of the stack, and are to be taken as giving the tem-
perature of its gases, and no reason is known for assuming any
other.

The remark about uncertainty in this connection, if I may be
pardoned for so frankly saying it, seems to me very absurd, as I
think it must to any one familiar with such work. Nothing in
the course of the experiments indicated that there was any
reason to suppose that the temperature of the gases varied per-
ceptibly in the “half-minute’s passage through the stack.” As
to the result, finally, I am inclined still to cling, with due modesty,
to my expressed opinion that they settle the question at issue
—i.e., whether a maximum always actually occurs at 600° Fahr.
I further am confident that, were these results no more than
approximate, as my critic seems inclined to assert, they would
still unquestionably be amply sufficient to settle that matter.

The serious aspect of the “ mare’s nest” of logic, and the
apparent contradictions finally thought to be discovered, will
disappear when the paper is read understandingly. It will then
be seen that it is perfectly true that the temperature of the
chimney is “ a direct function of the quantity of coal burned "—
t.e., that it increases, other things equal, when the rate of com-
bustion increases, a matter of universal experience; that it is
equally true that the quantity of coal burned depends on the



1

CHIMNEY DRAUGHT—FACTS AND THEORIES. 131

draught, a still more familiar fact ; and yet, that it is absolutely
true that, as asserted in the body of the paper, equally complete
combustion being assumed, the movement of air through the grate
and fuel-bed is effected at temperatures absolutely independent of the
chimney temperatures ; i.e.—as is, I think, readily seen by a careful
reader of the paper—at temperatures which are those of com-
plete combustion, and constant for the same fuel and air-supply
per unit of its weight, whatever the temperatare of the furnace,
the flues, or the chimney—all of which latter are dependent upon
entirely different and independent conditions.

The remark, “ The conclusion of all this logical paragraph is
‘the discovery of any one case in which the boiler chimney is
delivering gas at a higher temperature’ (than 600°) ‘is thus
sufficient to prove the fallacy of the proposition,’ that a maximum
temperature can exist” ; and the added proposition: “ Which
conclusion may be answered by saying that the discovery of any
one case in which such a maximum appears is sufficient to prove
the fallacy of any attempt to show that it cannot exist, and that
such cases are acknowledged in numerous places in the paper,”
may, in my opinion, be taken as beautiful illustrations of that
defective logic which is, to my mind at least, mistakenly as-
sumed to exist in the “ mare’s nest.”

A more careful reading of the paper will show that the asser-
tion is nowhere made that it is impossible “that a maximum
temperature can exist ” ; that the assertion which 7s made is, that
such maximum does not exist in practice at the temperature
unqualifiedly claimed for it by some and by the mathematics
which they would sustain. My assertion is, in fact, that such a
maximum would exist were it true, as assumed in that delusive
reasoning, that the resistances at the grate and in the chimney
were in constant proportion; that actually it rises as the con-
ditions approximate those of usual practice; that the paper
shows this fact by giving results obtained under conditions
sufficiently approximating usual conditions, and conditions
vastly more nearly in accordance with usual practice than the

assumptions on which the critic bases his algebra and his
“loglc ” The matter of his criticism thus falls to the ground ;
its foundation is pure imagination.

The suggestion which concludes these curious trains of
destructive ratiocination, of an apparatus which shall give us
exact data to contrast with these now given, includes some
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“ingenious devices,” and gives some reason to hope that the
obvious practical difficulties may all be overcome, as well as all
which may appear when the attempt is made to do the work ; and
it is to be hoped that it may not prove to be merely “ the airy
fabric of a dream,” but that we may, very soon, secure by its
means a settlement of the question whether the disputed equa-
tion is correct in form and basis, and whether it is true that a
maximum exists in all cases, as asserted, at 600° Fahr.

Prof. Gale’s remarks impress me as amply sufficient, if any-
thing of that kind is really required, torelieve any apprehensions
which might arise in the mind of any candid reader looking for
the truth in regard to a disputed point in physics and mathe-
matics. I think it cannot be necessary for me to rewrite the
text of the paper. I will content myself with expressing the
hope that those who may have sufficient interest in the matter
to read the paper, when published, will at least read it more care-
fully and to better purpose than has the first speaker, and with
the further suggestions that the difficulties of exact investigation
‘may prove more numerous and greater than can be realized until
it is actually undertaken ; and that, if those promised investiga-
tions fail to supply all that is expected of them, we shall still be
very glad to get all the facts which they may reveal, nevertheless,
even though they prove that a maximum temperature of effective
draught does always exist at 600° Fahr., that the rates of flow of
air through fuel and chimney are exactly proportional, and that
G, in the disputed equation, is a constant.
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CCCCXVIIL*
SOME PROPERTIES OF AMMONIA.

(Second Paper.)

BY DE VOLSON WOOD, HOBOKEN, N. J.
(Member of the Soclety.)

I¥ my article in Vol. X. of the 7ransactions, on “ Some Prop-
erties of Ammonia,” I gave a formula, equation (23), for the
specific heat of a liquid depending upon the properties of the
saturated vapor of the substance. One algebraic sign in that
equation should be changed from + to —, so I will here write it
correctly : '

_vdp dh, .
c—de——-'—kp df ), . . . . . (1)
in which
J is the mechanical equivalent of heat, and in English units
is 778 foot-pounds.

2, the pressure in pounds per square foot.

v, the volume in cubic feet of a pound of the vapor.

7, the absolute temperature at which the liquid is evaporated.

7', the absolute temperature of the superheated vapor.

T, the temperature on the Fahrenheit scale.

h, the latent heat of evaporation per pound in ordinary
thermal units; and

kp, the ordinary specific heat of the vapor, which for ammonia
is 0.50836. )

In applying this formula, I assumed that g:— was unity, but 1

find that it has a finite value. I will recompute the value of c,
and will bring forward all the necessary formulas.
From the formula
2196

logp 8.4079 — —T— ge o e e e 4 . (2)

we find
dp _ 2.83026 x 2196p
p A IR 3)

T

* Presented at the Richmond Meeting of the American Society of Mechanical
Engineers (1880). and forming part of Volume XII. of the Transactions.
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From the equation
43841 16920 (X ]
=912 ( <,,> ©)

which is the equation of an adiabatic of the superheated vapor,
find dr and call it d7’, after which drop all the subscripts in the
right-hand member, since the initial state must coincide with the
general one, and thus find, by the aid of equation (3) above,

dr’ _ 2.3026 x 2196 pv I
Pt % i s 1) 17 A SN O
KT

It was also found that

31_0613“00004381'. e .. (®)

These reduce equation (1) to

30718 — =5

9570
¢ = 112136 + 0.0004387 + £ [6‘49922 - ‘——112135].(7)

I find that this formula gives a decreasing value of the specific
beat for increase of temperature, a condition that has been proved
experimentally only for water from 40° Fahr. to about 80° Fabr.;
and the decrease was so small as to escape the observation of
Regnault, who observed it for states differing considerably in
temperature.

Equation (7) gives a decrease of the specific heat of about
".0.0014 for each degree of increase of temperature, which is some
forty times the positive rate of change of the specific heat of
water. The fact that it gives negative results indefinitely and at
so rapid a rate excites suspicion that the theory is defective. The
cause appears to be in the denominator of the last term of the
parenthesis of equation (7), for in the determination of the equa-
tion to the adiabatic the exponents and coefficients are considered
constant, which they cannot be exactly, and the equation of the

fluid, pv = ar — i, is only approximate. The equation should be

used, if at all, only within the limits of Regnault’s experiments—
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that is, between 11 and 24 cubic feet. Using the following set of
values, determined in my paper in Vol. X.—viz.: » = 20.7985,
T = 426.66, 7' = — 34° Fahr., p = 1823.7—equation (7) gives

e=1093 . . ... . ... (@®

We next try the effect of assuming that the adiabatic of the
superheated vapor is that of a perfect gas. For this case we have

pv = Rr = 89.343r.

T _ [ \*!
1_’_<7 N ()
‘ TT—LI

;L
p=13§(,—2> R ¢ )}

1

dp ' y Rfr\""!
E‘;TI'EZ) . . ... o@

Dropping the subseripts ,, and accenting dz, we have

dp _ 395.31
¢ .

This, with the preceding equations, reduces equation (1) to
¢ =112136 + 0.0004387 — 0.00202 27 . . (13

For the state
v =20.7985, p = 1823.7, 7 = 426.66, 7'= — 34° Fahr.,
this becomes
¢ =1.10647 — 0.00042 =1.10605. . . . . (14)
For the state 7'= 80° Fabr.,

v =189, p = 22192, r = 540,
we haye

c= 115640 — 0.00029 =1.15611. . . . . (15)
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It will be seen that the last term of equation (13) is so small
as to affect only the fourth decimal figure, and hence may be
omitted, in which case we have

¢= 112136 + 0.0004387. . . . . . (16)

We are no longer confined to mere theoretical values for the
specific heat of liquid ammonia, for Dr. Hans Von Strombeck,
consulting chemist for the De La Vergne Refrigerating Company,
of New York, in the summer of 1890, found from the mean of eight
experiments that the specific heat is

c=129876, . . . . . ... (I7)

the temperature of the liquid being about 80° Fahr. The specific
heat of liquids is, in practice, treated as constant. The value in
equation (15) is nearly 6% less than the value found by experi-
ment.

Dr. Von Strombeck also found the latent heat of vaporization of
ammonia at 30°.45 Fahr., the mean of six experiments giving

ho=5342 . . . ... .. (18

The corresponding value in my Table of the Properties of
Saturated Vapor of Ammonia, Vol. X, is

he=6464, . . . . . . . . (19)

which is only 2.2 units more than the value found by Dr.
Von Strombeck, or 1; of one per cent. more.

A determination made by Prof. Jacobus from Regnault’s ex-
periments, in a paper of this issue, assuming that the specific
heat of liquid ammonia is unity, at 53° Fahr., gives

he=5216. . . . . . . . . (20
My table in Vol. X. gives
he=5224 . . . . . ... (@)

a value which agrees still nearer with the experimental one.
The close agreement, however, of a particular value is not so
important as a fair agreement of values at different temperatures,
as in this case. These experiments show that my table is suf-
ficiently exact for engineering purposes, if not for all others.
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CCCCXIX. *

MECHANICAL AND PHYSICAL PROPERTIES OF
SULPHUR DIOXIDE (S0,).

BY DE VOLSON WOOD, HOBOKEN, N. J.

(Member of the Society.)

REGNAULT determined the relation between the pressure and
temperature of the saturated vapor of sulphur dioxide (SO,), and
the relation between the pressure and volume of the super-
heated vapor (or vaporous gas), at 1.7° C.=35.06° Fahr. The ex-
perimental value of the latent heat of vaporization is not known,
nor the specific heat of the liquid. Last year I deduced some
formulas for determining the values of both these constants

and applied them to determination of certain properties of
ammonia.

I desired to have my formulas and imethods applied to the
determination of certain properties of sulphur dioxide (SO,), and
I was fortunate in enlisting the services of Messrs. A. C. Atris-
tain, Arthur H. Hall, and W. F. Lawrence, members of the last
graduating class at the Stevens Institute, to make the numerical
computations, which they have faithfully done under my direc-
tions, their only consideration being the privilege of making the
subject their graduation thesis. I find that the latent heats of
vaporization from —20° Fahr. to 40° Falr. are about 1]+ less than
thoss found by Ledoux ; a much closer agreement than would
be anticipated, considering that different formulas were used.
He used Roche’s formula for the relation between pressures aud
volumes, while we used Rankine’s ; he used Zeuner’s formula for
the relation between the pressure, volume, and temperature of
the superheated vapor, while we used a part of Rankine’s. The
close agreement of the results within the range of temperatures
ordinarily used in practice will inspire confidence in them,

althongh they probably will never take the place of experi-
wental values.

*Presented at the Richmond Meeting of the American Society of Mechanical
Engieers (1890), and forming part of Volume XII. of the Transactions.
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Special importance attaches to the properties of this sub-
stance because it is used in refrigerating machines. It remains
in a state of vapor at comparatively low temperatures and does
not congeal under ordinary pressures.

The data for the general expression for volumes of the liguid
per pound at different temperatures were taken from a series of
experiments by D’Andreeff.

Fig. 21

In Relation des Expériences (Vol. IL., pages 583 to 585) are the
results of three series of experiments by Regnault showing the
pressures for various temperatures from —22° to 144’ Fahr.
These have been reduced to English units and given in Table
L, and plotted in Fig. 21, abscissas being temperatures, and
ordinates pressures.
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TABLE 1

RELATION BETWEEN PRESSURE AND TEMPERATURE OF SATURATED 80, As
OBSERVED BY REGNAULT.

Press. per sq.
Press. per. mill, of

Temp. deg. C. marcary, Temp. deg. Fahr. Pcl:x‘i:la ]
-30.24 818.69 —22.433 6.16
-80.11 818.99 —22.198 6.17
-80.11 818.05 —22.198 6.15
-20.45 824.80 —21.010 6.28
-27.63 825.56 —17.734 6.80
-27.50 828.28 —17.500 6.85
-27.33 881.08 —17.104 6.41
-27.21 832.83 —16.978 6.44
-27.03 838.90 —16.64 6.46
—26.86 837.28 —16.848 6.52
-26.22 848.85 -—15.196 6.74
-4 .88 804.40 —12.784 7.68
-23.02 444.89 — 7.688 8.61
—18.53 515.87 — 1.836 9.98
-18.74 501.14 — 1.782 9.69
-18.25 520.49 — 0.850 10.07
-18.48 648.61 + 7.736 12.55
-18.87 647.13 + 7.884 12.58
-10.55 789.96 18.010 14.81
—-10.48 745.50 18.186 14.42
-10.84 745.76 18.888 14.43
~10.81 745.92 18.443 14.48
- 8.97 792.46 15.864 15.88
- 1.6% 842.80 18.802 16.29
-18.27 654.15 8.114 12.65
- 5.78 912.17 21.683 17.04
- 8.7 912.83 21.668 17.65
- 4186 979.42 24.512 18.94
+ 0. 1170.47 82. 23.64
0. 1164.58 82. 23.58
+ 185 1228.81 84.43 28.57
+ 148 1281.81 84.574 28.82
+3.48 1286.57 86.464 24.89
8.56 1888.74 88.408 25.89
4.58 1893.87 40.208 26.96
8.55 1485.80 48.97 28.78
e 0.5 1698.23 49.172 82.85
9.64 1707.18 49.853 83.02
18.36 1958.17 56.048 87.78
19.70 2424.50 67.46 46.90
20.78 2532.01 69.404 48.98
21.31 2598.10 70.358 50.16
21,350 2594 .82 70.48 51.19
2095 8408.25 85.91 65.81
29.04 8408.25 85.892 65.81
80.12 8497.02 86.216 67.64
80.22 8495.17 86.396 67.60
87.16 43844.89 98.87 84.04
87.59 4826.89 99.662 83.89
%.18 4752.27 102.524 91.22
45.20 5427.80 118.468 104.91
3.6 6195.981 ] 119.588 119.84
49.46 6112.88 121.028 118.21
®.52 8662.18 l. 144.5368 167.54
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Assuming that the law of pressures and temperatures can be

represented by Rankine’s formula : .
B ¢
logp=A——;—T—,,. B ¢ )

three points were taken on the above curve from which the values
of A, B, and C were determined as follows:

When p = 7 1bs. per square inch, { = — 14" F.= 446.66° absolute.
When p = 50.5 1bs. per square inch, ¢ = 71° F. = 531.66" absolute.
When p = 144 1bs. per square inch, ¢ = 134’.5 = 595.16° absolute.

From which 4, B, and C' were found to equal :
A4 =52330. B=1439.0. C = 232659.

The general formula for this vapor now becomes :
1439.0 232659 . . (2)
T

2

com log p = 5.2330 —

for pressures in pounds per square inch ; or,

com log p = 7.39136 — it?’_g _282659 3)

72

for pressures per square foot. This curve is plotted in Fig. 21.
By substituting values for 7 in equation (3), Table IL. was
computed, in which the pressures per square foot are given for
avery five degrees of temperature from — 20’ to + 140’ Fahr., as -
also the pressures per square inch.
From thermodynamics we have, for the latent heat of vapor-
ization :

H =1 dp in foot pounds; . . . . . . . 4)
dr an .
or, ho=1v L. 778 in thermal units. . . . (5)
dr

Also, by differentiating equation (3), we get :

dr _[0+1439 ¥ 12 x 232659 ‘ﬂ_’] x 2.3026.
P " i
( ] '2.3026]

d 4
coho=10% = | 1489 PV v 4. 9049
ar l = +2 x 232659 p l | 718 (6)

It remains to find ﬁi
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TABLE IL

RELATION BETWEEN PRESSURE AND TEMPERATURE OF SATURATED S0, FROM
RANKINE'S EQUATION.

dez.e‘?‘gﬁr. {Pnu.peuq.ln. Prese. persq. ft.|. de’éemthr iPress. per sq. n. | Press. per sq. ft.
—20 , 5.878 846.53 465 45.029 6484.18
—15 ’ 6.604 950.99 | 70 49.554 7135.78
-—10 ' 7.868 1188.10 i} 54.418 7836.20
-8 | 9.002 1208.40 80 59.612 8184.08
+ 0 10.800 1488.22 85 65.226 9392.58
+ 5 11.741 1690.71 80 71.202 10253.13
+10 18.844 1921.65 95 77.680 11171.65
15 15.115 . 2176.59 . 100 84.380 12150.41
20 17.087 2457.70 105 91.659 18191.89
25 19.214 2766.81 110 99.255 14292.80
30 21.568 8105.81 115 107.443 16471.83
35 24.809 8476.63 120 116.076 16714.97
40 26.953 3881.26 125 125.207 18029.83
45 80.764 4430.72 180 I 135.882 19487.88
50 83.384 4800.13 185 145.082 20884.68
55 86.984 5818.56 140 155.756 22428.938
60 | 4088 | 561919 |

BRegnault found the volume of & gramme of this gas to be
0.34970 litre at atmospheric pressure at the temperature of
melting ice, and to reduce to cubic feet, multiply by ?’—g‘—g(l)ié-,
hence, ’

0.34970 x 35.3161 .
Vo= 92046 = 5.60188 cubic feet per pound; . (8)

_ pove _ 21163 x 5.60188
and R = To 492.66

=24,06378. . . . (9)

Reguault’s experiments show that pv for sulphur dioxide
diminishes with decrease in volume ; hence we assume the equa-

tion, m:m—&,......(m

8 form which has been shown to be approximately correct for
steam (Transactions, Vol. X., p. 675).

To find the constants in this equation, we must take values for
pad v from the following table, containing pressures and vol-
umes (relative) in French urits. To reduce to English units, a
ratio must be established between the relalive volumes given by
Regnault and the actual volumes desired. Since the gas is
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Assuming that the law of pressures and temperatures can be

represented by Rankine’s formula : .
B ¢
logp=4 ————. - - . . . .. 1

three points were taken on the above curve from which the values
of 4, B, and C were determined as follows:

When p = T1bs. per square inch, ¢ = — 14" F.= 446.66" absolute.
When p = 50.5 lbs. per square inch, ¢ = 71°F. = 531.66° absolute.
When p = 144 1bs. per square inch, ¢ =134".5 = 595.16" absolute.

From which A, B, and C' were found to equal :
A=15.2330. B=1439.0. C = 232659.

The general formula for this vapor now becomes :
1439.0 232659 . . (®
T

r?

com log p = 5.2330 —

for pressures in pounds per square inch ; or,

com log p = 7.39136 — E?E —232(§§9— )]

for pressures per square foot. This curve is plotted in Fig. 21.
By substituting values for 7 in equation (3), Table IL. was
computed, in which the pressures per square foot are given for
every five degrees of temperature from — 20° to + 140° Fahr., as -
also the pressures per square inch.
From thermodynamics we have, for the latent heat of vapor-
ization :

H,= wg}-: in foot pounds; . . . . . . . 4)
or, he= 10 d—p =+ T78 in thermal units. . . . (§)
dr

Also, by differentiating equation (3), we get :

dp _ {o + 1439 ¥ 12 x 232659 ‘i_‘] x 2.3026.
P 72 : T
dp _ [

< e hc = _P = pv v
= [1439 P +2x232659 .152_ J

2. 3026] (6)

T8

It remains to find %v.
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in pounds per square foot ; or, in millimetres of mercury,

760

2128.585 X 2'—11———6.3

= T764.4159.

To interpolate in the table for the corresponding volume, a
value for R must be found from the nearest pressure and
volume ; viz.,

P = 746.63, and v = 800; also, 1.7° C. = 275.4 absolute ;

746.63 x 800

—oTsd =213255. . . . . (12

then, B:%—:

This may be called a relative value of R,.since the value of » is
relative ; then,

, _Br _ 218956 x 2754

5.60188
781.396 ’
tiplied into the volumes in the foregoing table to reduce them
to cubic feet, and the pressures in pounds per square foot will

be the millimetres into 3%.—?3 .

In this manner Table IV. was calculated. We are now pre-
pared to find the constants in equation (10) ; viz., a, b, and =, by
taking three pairs of values of p and v from the table,

where » =2079.07; v =5.7353 ; ., pv = 11924.08 ;
where p=2783.71; v=4.250; .. pv =11830.76;
where p = 8347.74; v = 3.6077; .~. pv = 11742 86,

T — b
(6.7853)

70 — _b_ = 11830.76,

(426

Hence the required ratio is and this must be mul-

Then, = 11924.08,

1Q =11742.86,

b
(8.5077)
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which by reduction becomes
(24.376)" — (14.907)"
(20.117) — (14.907)"

By trial, » was found to be 1.59. Substituting 1.59 for n, we
et
8 a = 23.87 and b = 2457.45,

and equation (11) becomes

=19419. . . . (19

- = 23.87 — ?45'?:5

(14)

™

Therefore, equation (6) gives, for the latent heat of vaporiza-
tion,

2457 45 2 x 232659\ 23026
o= (2887 - )(1439 2 x 000 x ! e (15)
For the state where
» = 5.60188,
equation (14) will be
_ 23.87 . — 2457.45 ; .. ()
5.60188 (5.60188)*»
and by substituting this in equation (3) we get
23.87 2457.45 1439 232659
- —————— )= 739136 — — ;
! g<5 60188 (5.60188)”’> o

.. (by trial) 7 = 472.03°: and this value in equation (16) gives
p = 1988.84 pounds per square foot.
Also, p and 7 in equation (15) give
h, =168.172 B.T.U.
For the state v = 2 on the curve of saturation, we find,

r = 519.96°,
p = 5796.574 pounds,
h, = 151.227 B.T.U.

" For the state v = 8 on the curve of saturation, we find,

T = 457.22°,
p = 1362.972 pounds,
h, =172.126 B.T.U.

Assuming the form adopted by Regnault,
hh=d+eT+fT% . . . . . . (A7
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the above results enable us to find the constants d, ¢, and J, and
the equation becomes

h, = 171.26 — 256067 — 00187957%, . . . (18)

as a more practical formula for the latent heat of vaporization
The column of latent heats in the general table was calculated
from this formula. Fig. 22 represents this formula.

— S e
i

Ti. 22,

To find the specific volume of sulphur dioxide in the gaseous
state we have, from thermodynamics,

v =% a9

10
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From equation (3), by differentiating,
—dp _p 2 x 232659 _
L (1430 + 2 2259) 95096; . . 20)

A 778 :
therefore, v = — - e X 9. . . (21)
: p<1439 2 x 232659 2.3026

The value of v, is given in equation (40), farther on.

The column of specific volumes in the general table was cal-
culated from formula (21).

Isothermals of sulphur dioxide. If the vapor be saturated, the
isothermal will be parallel to the axis of v. If the vapor be
superheated, the equation will be (10), substituting values for the

constants :

pr = 23871—-24—5'-7-‘;‘—5 e . (22

vl..'aﬂ
Adiabatics of sulphur dioxide. If the vapor be saturated, the
equation will be

7 Lo h,
7, 11,

l—a:v—(cl (23)

where u is the volume of the xth part of a pound of vapor and ¢

the specific heat of liquid sulphur dioxide.
If the vapor be superheated, substitute, in the general equation,

_ d:
arr=Kdr+ (D an, . . ... @
the value of (gf ) » from equation (10), and find,
cdl=Kdr+72dv. . . . . . (25)
But d/{ = o, for adiabatic expansion, and (25) becomes

..dr._—r dv or,KEl—T—'—a%:—,;. . . (26) -

7 l‘, B .
then, K, log%:u log?;.'.1=(%'> P 1)

LA

where 7, and v, are initial limits.
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Regnaault gives, as the specific heat of sulphur dioxide gas at

constant pressure, 0.15438 (Relation des Expériences, Vol. IL., page

146), and K,= K,— R, from thermodynamics, when the respec-
tive specific heats are considered constant.

Equation (9) gives R = 24.06378, which in thermal units be-
comes .

24.06378 + 778 = .03093 ;
hence, at this state,

k, = .15438 — .03093 = .12345 in thermal units. . (28)

To find A we have, in equation (27),

T K, T8 x.12345

To obtain an equation between p and v, eliminate 7 from (10
and (27, giving, for the adiabatic,

pv:ar,(%)a—'%; e e e e . (29

or, by substituting values for the constants,

i=(’§)’”5’, N 1)

a1 (00 10 2457.45
and ~p—23.87;’—l(;> L R Y

8.0287 10.4214
sassr T (D)7 - HLB(I)TT L ey
o

» \T, T
the last of which is in terms of p and 7 as variables.
Specific heat of the saturated vapor of sulphur dioxide.
‘We have, for the specific heat :

s8=c ——’3-:- + ?’—t(see Wood’s Thermo., page 147). . (33)
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From equation (3), by differentiating,

~dp _p 2 x 232659 .
2 =2 (1439 + 2 Z29), 950965 . . (0)
A 778
therefore, v = — -— -~ — =X = +v. . . (21)
: P(1459 + 2 B69) " 23006
T .

The value of v, is given in equation (40), farther on.

The column of specific volumes in the general table was cal-
culated from formula (21).

Isothermals of sulphur dioxide. If the vapor be saturated, the
isothermal will be parallel to the axis of v». If the vapor be
superheated, the equation will be (10), substituting values for the

constants :
2457.45

pr = 23877, — - (22)

Adiabalics of sulphur dioxide. If the vapor be saturated, the
equation will be

x h,\ TV

“n, k.

n=gqu= (c log ;‘ + (23)

where u is the volume of the zth part of a pound of vapor and ¢
the specific heat of liquid sulphur dioxide.
If the vapor be superheated, substitute, in the general equation,
Il = Kdr + 7 (;’%’) A, . ... . (28
the value of g{_—’ | » from equation (10), and find,
ndIl=Kdr+tSdv. . . . . . (25)

But dH = o, for adiabatic expansion, and (25) becomes

‘ 1 d
Kdr = —r%d—v;or,l(,‘%= -a~vq; ... (26)
L v, T_ (v C
then, K, log‘—r—alogb-,..—;l— <v> P 18]

where 7, and v, are initial limits.
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Therefore, by substituting the values given from (34), (35), and
136}, in equation (33),

e:i’i?‘.—o.aso—o.oo137r, ... .38

which is negative for all ordinary temperatures, and hence will
be classed with steam-like vapors.

Density of liquid sulphur dioxide as compared with water.
Table V. shows the results of a series of experiments by D’An-
dredf on the specific gravity of liquid sulphur dioxide (Smith-
sonian Miscellaneous Collections, Vol. XXXII, 1888), which ex-
periments are plotted in Fig. 24.

TABLE V.

TAKEX FROM THE SMITHSONIAN * MISCELLANEOUS COLLECTIONS,” VOL. XXXIL

Specific gravity. | Temp. deg. C. | Temp. deg. Fahr. Authority.
1.4 .. l ...... Faraday, P.T., 189.
1828.
e 0 l ...... Bussy, P.A., 1287.
1.4911 —-20.5 — 4.9 >
1.4609 -9.9 I +14.58 &
1.4344 — 2.08 ' 28.26 8
14313 - 0.25 81.55
1.4952 + 2.8 i 87.04 =
1.4205 + 4.51 41.20 =
14102 8.27 I 46.85 ! g
1.4017 16.48 61.57 4
1.3769 ! 20.63 69.13
1.3673 23.91 71.04 5
1.8587 26.9 80.42 2
1.3518 29.57 85.43 2
Lais 82.96 91.83 <
1.3850 85.29 95.52 )
_ lam 38.65 101.57
These may be expressed by the formula :
0=a—-bT
=1.48402 — .00156597. . . . . . . (39)

The values for ¢ in Table VI. were calculated from this formula,
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and, assuming the volume of a pound of water to be 0.016 of
a cubic foot, we have :

TABLE VI.

d e?'l';‘l’i“. | 8 =density. | ry=volume. .| , e'g%fim 8 =density. | ry = volume.
—20 1.52 01056 | 65 1.3822 .01158
-15 1.51 .01061 70 1.8744 .01164
—-10 1.4997 .01066 75 1.3666 .01171
-5 1.4918 .01070 80 1.8587 01177
+ 0 1.4840 .01078 85 1.8509 .01184
+ 5 1.4762 .01084 90 1.38431 .01191

10 v 1.4645 .01092 95 1.8852 .01198
15 [ 1.4605 .01096 100 1.8274 | .01205
20 1.4527 .01101 105 1.3196 i .01212
25 1.4449 .01107 110 1.8118 | .01219
80 1.4370 01113 115 1.8089 .01224
85 1.4292 .011196 120 1.2961 .01284
40 1.4214 .01125 125 1.2883 .01242
45 1.4135 .01131 180 1.2804 .01249
50 1.4067 .01188 T185 1.2726 .01257
55 i 1.8979 .01145 140 1.2648 .01265
60 . 1.3901 .01151
0.016

"7 143402 —.00156597. . . . . . {(40)

which gives sufficiently accurate values for temperatures from
~5° to 100° Fahr. The column of specific volumes in the gen-
eral table was calculated from this formula.

Specific heat of lquefied sulphur dioxide. As an expression for
the specific heat we have, from my paper on Some Propertics of
Ammonia, presented at the present meeting,

_wvdp dh, , [drt .2
0Ty, ['dr N )

From equation (3) find,

P 23026 1439 + (42)

_ 465318] P.
dr T %’
from (37),

dh,

e= - 1.0149 + 0.002759r; . . . . (43)

and from (32), changing dr to d7’, and dropping all subscripts in

the right-hand member, find,

dp _ 119.9157  25610.0694
(_i;. _— ‘_v Tt = _——19-'-“_. . . . . (44)
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These, substituted in equation (41), give,

465318 2.3026 0.35651 oo
¢= (1439 *- > <-77§— ~ {19.9157 — 21610.0694)??
o
— 0.8602 + 0.0027597. . . . . . . (45

‘We have found for, ,
v= 0.906, r = 560.66, T = 100° Fahr.,, p = 12150.41.
v= 2 7 = 519.96, T = 59.8° Fahr,, p = 5796.57.
v= 8, 71=45792 T= —274°Fahr,p= 1352.97.
v =12.3'95, r = 440.66, 7= —20° Fahr, p=  846.526.

These, in (45), give for

T = 100° Fahr.,, c¢ = 0.5511.
T = 59.3° Fahr, c = 0.5058.
T = —9274° Fahr., ¢ = 0.3957.
T = -20°Fahr,, c¢ = 0.3513.

The specific heat, according to these results, increases be-
tween —20° and —2.74, at the rate of 0.00257 per degree Fahr.,
between —2.74 and 59.3°; at the rate 0.00177, and between 59.3°
and 100°, at the rate 0.00112, so that the rate of decrease of
the specific heat decreases with increase of temperature, as it
ought for imperfect flaids. Assuming that the rate of change is
linear, or '

c=a+bT, . . . . . . ... (46
between — 20° Fahr. and 100° Fahr., and we find

¢ = 0.3846 + 0.00166 7.

But this will give values less than equation (45) for all tem-
peratures between —20° and 100°. Making the function pass
through 7' = — 2.74° Fahr. with the same slope, we have, at

T=o

¢=0.3957 + 0.00166 x 2.74 = 0.4002,
and for any temperature 7,
¢ =0.4002 + 0.00166 7. 47,
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The rate of increase is greater than has been found experi-
mentally for any liquid.

GENERAL TABLE.

SATURATED SULPHUR DIOXIDE.

Temp- | Tem-
erature, |peratare,
Flhf la)guolute

Pressure,
1bs. per
square foot.

—20° (440.66°| 845.526
—15° [445.66°| 950.986
—10° [450.66°| 1133.102
— 5 [455.66°| 1206.399
+ 0° |460.66°| 1488.226
+ 5° |465.66°| 1690.709
+10° |470.60°| 1921.648
15° [475.66°| 2176.586
20° [480.66°| 2457.702
25° |483.66°| 2778.81%
80° [490.66°| 3105.809
85° |495.66°| 3476.634
40° |500.66°| 3881.261
45° |505.60°| 4430.718
50° (510.66°| 4800.128
55 |515.66°| 5818.562
60° |520.66°| 5879.188
65° |525.66°| 6484.184
70° 1580.66°| 7135.782
75° 1536.06°| 7836.195
80° |540.86°) 8584.079
85° |545.66°| 9392.581
90° |550.66°|10253.125
95° |565.66°(11171.652
100° |560.66°[12150.406
105° [565.66°(18191.894
1107 1570.66°{14292.799
115° |575.66°(15471.833
120° [580.66°'16714.965
1257 |585.66°/18029.826
130" |590.60°|19487.829
135° |595.66°|20884.678

140° [600.066° 22428.93?1

Ibe. n)er

5.87
6.604

~
q.

9.002
10.300
11.741
13.844
15.115
17.067
19.214
21.568
24.809
26.953
80.764
83.384
36.984
40.828
45.029
49.554
54.418
59.612
65.226
71.202
77.580
84.380
91.659
89.255
107.448
116.076
125.207

185.832
145.082
155.756

I Heat of
Pressure,!v

unita=he

£

<8

i
External heat.

ho
J

Thermal ounits

Internal heat,
thermal unita,

Ao
J

p=he—

vapor per

Vol. of

Ib. cu. ft.
v

Vol. of
llqu}g
r
& 1.
L8

Weight
of acu.ft.
of vapor

lbs. —

175.820
174.790
178.688
172.508
171.260
169.945
168.562
167.109
165.587
163.997
162.387
160.608
158.811
156.944
155.009
153.004
150.931
148.788
146.577
144.297
142.447
189.629
187.042
184.485
131.860
129.166
126.403
123.670
120.669
117.699
114.670
111.552
108.375

S
2B

18.877
13.991
14.095
14.199
14.281
14.360
14.430
14.490
14.540
14,580
14.609
14.627
14.634
14.630
14.614
14.587
14.546
14.544
14.414
14.389
14.257
14.164
14.081
13.806
13.746
13.583
13.403
13.206
12.998
12.742

162.842/12.40572

161.210
159.829
158.629
157.269
155.850
164.363
152.828
151.227
149.567
147.847
146.068
144.281
142.385
140.882
188.870
186.301
184.174
131.980
129.751
127.908
125.115
122.703
120.228
117. ’06

104.206
101.464
98. 564

95.668

.01056
.01061
01086
.01070,
.01078
.01084
.01092

3.26692|
2.98377
2.57652
2.882168
2.15218
1.94756
1.76507
.60197
.455690
.82098
.10206
.10022
.0u381
.91822
.83960
.76858
.70844
.64454
.59077
.53978
40677
.45462

ok pd ok ok ek ek

.08068
09001
.105980
-12008
.13627
.15418
.17885

.01096; .18909
.01101! 21999

.01107;
.01118

01110} .
-01125) .
.01181} .

.01188

.01171

.01145| .
.01161| .
.01158 .
.01164 .

-01177] .
.01184 .

.24645
-27551

.01191

.01219
.01224
.01284
.0124211
.01249
.01257
.01265

.01198|1.
-01206'1.
.01212/1.

It will be seen from Table IV. and from Fig. 23, that the iso-
thermal of 35° Fahr., found experimentally by Regnault, is only
from .055 to 1.51 pounds above the curve of saturation at corre-
sponding volumes, and is limited between 3.50 and 5.73 cubic
feet. ‘These ranges are too small to give confidence in deduced
values much above the highest or below the lowest; and partic-
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ularly so inthe case of the specific heat of the liquid which in-
volves so much refined analysis, and other deduced values. We
therefore will find a value for it between volumes of 3.5 and 5.7
cubic feet, say at 4.5 cubic feet, and consider the value as con-
stant; this gives

c=041. . . . . . . . . . (48

If the superheated vapor be considered a perfect gasin estab-
lishing equation (45), the resulting value of ¢ will be over 0.6

Fig. 2.

forT =100, and about the same as found for T = — 20, so
that the rate of change would be somewhat greater than that
given in equation (47).
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By comparing this table with Table III., in the paper by
Prof. Jacobus, it will be found that :

~ T 1

Temperature deg. Fahr. I Experimental. Wood. Difference.
-10 100 | 173.68 ' 8.48
0 i 165.06 | 171.26 6.20
|

20 152.07 165.58 I 13.51

The difference between the experimental values and those of
the writer increases too rapidly. Taking the rate of difference
between the first two values, and determining the rate of de-
crease from the first and third of the above experiments, we may
write the empirical formula,

h=171-0606T, . . . . . . . . (49
which will be sufficiently exact from — 15° Fahr. to 40° Fahr.
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‘CCCCXX.*

THEORETICAL INVESTIGATION OF THE EFFICIENCY
OF VAPOR ENGINES.

BY DE VOL&ON WOOD, HOBOKEN, N. J.

(Member of the Society.)

Ix the year 1884 Messrs. Gantt and Maury made an investiga-
tion similar to that contained in this paper, but having discovered
certain defects therein, especially in the case of ether, I desired to
have the entire investigation reviewed, and for this purpose was
fortunate in securing the services of Messrs. J. T. Wescott and L.
R. Mendoza, members of the graduating class of Stevens Institute
of 1890, who made all the compnutations, and my labor consists
chiefly of condensing, arranging, and editing their work. Some
of the methods and references are different from those of the
previous investigators. The fluids considered are: steam (H,0),
alcohol (C;H(0), carbon disulphide (CS;), chloroform (CHCl,),
ether (C,H,;0), and ammonia (NH,). All these, except ammonia,
were investigated by Gantt and Maury.

The following notation will be used throughout this work :

7| = initial temperature in degrees Fahrenheit.
T; = final temperature in degrees Fahrenheit.
7, = absolute initial temperature.
7, = final initial temperature.
2 = initial pressure in pounds per square foot.
p: = final pressure in pounds per square foot.
h,, h,, = the corresponding latent heats of evaporation of 1
pound of the fluid in B. T. U.
H,, H, = latent heats of 1 pound in foot pounds.
L, L= la.ten't heats of 1 cubic foot in foot pounds.
w,, w; = weights of 1 cubic foot of vapor.
vy, v, = volumes that the fluid would occupy if it were all
vapor.
u,, u, = initial and final actual volumes.
K = mean specific heat of the liquid between the tem-
peratures 7, and 7,

* Presented at the Richmond meeting of the American Society of Mechanical
Engineers (1880), and forming part of Volame XII. of the T'ransactions.
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From equation (3), by differentiating,

~dp _p 2 x 232659 i
r 2L (1430 + 2 *22209%)  93096; . . (20)

, 778 .
. 2 x 282659° X 33006 T - - D
T

therefore, v = -— - -
' 1_’(1439
T

The value of v, is given in equation (40), farther on.

The column of specific volumes in the general table was cal-
culated from formula (21).

Jsothermals of sulphur dioxide. If the vapor be saturated, the
isothermal will be parallel to the axis of ». If the vapor be
superheated, the equation will be (10), substituting values for the

constants :
2457.45

L) °

pr = 23877, — (22)

Adiabatics of sulphur dioxide. If the vapor be saturated, the
equation will be
T, x> h\TU

nN=xv = C]Og—r'+ il,—’ e e e . (23)

T
where u is the volume of the xth part of a pound of vapor and ¢
the specific heat of liquid sulphur dioxide.
If the vapor be superheated, substitute, in the general equation,
dIl = Kdr + 7 (g{’) A, . ... . (28
dp . .
the value of dr)h’ from equation (10), and find,
cdll=Kdr + 1 %dv. ... .. (25)
But dZI = o, for adiabatic expansion, and (25) becomes

Ix’,dr='—r%dv;or,K,(-lI—r=—a(—?;- . . (26) -

A . .
then, E,log t=alog ;1= (1), . . . . an

where 7, and v, are initial limits.
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Regnault gives, as the specific heat of sulphur dioxide gas at
constant pressure, 0.15438 ( Relation des Expériences, Vol. IL., page
146), and K,= K,— R, from thermodynamics, when the respec-
tive specific heats are considered constant.

Equation (9) gives B = 24.06378, which in thermal units be-
comes .

24.06378 + 778 = .03093 ;
hence, at this state,
k, = .15438 — .03093 = .12345 in thermal units. . (28)

To find A we have, in equation (27),

K, 718 x.12345

To obtain an equation between p and v, eliminate 7 from (10
and (27), giving, for the adiabatic,

w=an () =2, 0L e

or, by substituting values for the constants,

L ’ﬁ)m, )

ean T (00 245745
and -p_23.87;l(;> e R )

= 23.87 -(T)som 2405,7,,45(71)'0“', .. 32

,

the last of which is in terms of p and 7 as variables.
Specific heat of the saturated vapor of sulphur dioxide.
‘We have, for the specific heat :

g=c —-—k; + %(see Wood’s Thermo., page 147). . (33)
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liquid,
1 c= 0.41.

From equation (18),
he=— 8.5284 + 103497 — 001387 ;

h, 3.5284

or, — —';:: - 1.0349 + .00138r7. .

T
By differentiating, we get
dh

+ P 0.256056 — 0.0027597 .

¢
T

=1.0149 — 0.002767. .

From equation (47), for the value of the specific heat of the

(34)

. (35)

(36)

(87
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Therefore, by substituting the values given from (34), (36), and
(36), in equation (33),

a='°%98_;4-0.390—0.oo1371, ... @8

which is negative for all ordinary temperatures, and hence will
be classed with steam-like vapors.

Density of liquid sulphur dioxide as compared with water.
Table V. shows the results of a series of experiments by D’An-
dref on the specific gravity of liquid sulphur dioxide (Smith-
sonian Jzscellaneous Collections, Vol. XXXITI., 1888), which ex-
periments are plotted in Fig. 24.

TABLE V.

TAKEXK FROM THE SMITHSONIAN “ MISCELLANEQUS COLLECTIONS,” VOL. XXXIL

Specific gravity. | Temp. deg. C. | Temp. deg. Fahr. Authorify.
e | L l ...... Faraday, P.T., 169.
: 1828.

145 b ' ...... Bussy, P.A., 1287.
L4on X -20.5 i — 4.9 =

1.4609 - 9.9 +14.58 ®

1.4334 —2.08 | 28.26 g

14318 —0.25 81.55 >

1.4259 + 2.8 | 87.04 =

1.4205 + 4.51 41.20 -

1.4103 8.27 46.85 ! g

1.4017 16.48 61.57 a

1.3769 20.68 69.13 R

1.3673 28.91 71.04 -]

1.8537 26.9 80.42 £

1.3518 i 20.57 85.43 B

1.3415 i 32.96 91.88 <

1.3850 85.20 95.52 =

1.8258 38.65 101.57 ]

These may be expressed by the formula :
6=a—->bT
—1.48402 — 00156597, . . . . . . (39)

The values for & in Table VI. were calculated from this formula,
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and, assuming the volume of a pound of water to be 0.016 of
a cubic foot, we have :

TABLE VI.
dcg_e“l,’.‘p"“. I 3 =density. | ry=volume. || 4 e'gl;.%gflr. 8 =density. | vy = volume.
—20 1.52 .01056 65 1.8822 .01158
—-15 1.51 .01061 (] 1.8744 .01164
—-10 1.4997 .01066 75 1.3666 .01171
-3 1.4918 .01070 . 80 1.8587 .01177
+ 0 1.4840 .01078 85 1.8509 .01184
+ 5 ;o 1.4762 .01084 90 1.8431 .01191
10 © 1.4645 .01092 95 1.3852 .01198
15 1.4605 .01096 100 1.8274 .01205
20 1.4527 .01101 105 1.8196 .01212
25 1.4449 .01107 110 1.8118 .01219
80 1.4370 01113 115 1.3089 .01224
35 1.4242 .011196 120 | 1.2061 .01234
40 1.4214 .01125 125 | 1.2883 .01242
45 1.4135 .01181 180 ¢ 1.2804 .01249
50 1.4057 .01138 11385 ©1.2726 .01257
55 1.8979 .01145 140 l 1.2648 .01265
60 . 1.3901 .01151 !
0.016

Y17 148402 — .00156597. . . . . . (40)
which gives sufficiently accurate values for temperatures from
—5° to 100° Fahr. The column of specific volumes in the gen-
eral table was calculated from this formula.

Specific heat of liquefied sulphur dioxide. As an expression for
the specific heat we have, from my paper on Some Propertics of
Ammonta, presented at the present meeting,

._vdp_dh, . [dr' 7%
b2 bR S CE S ERR

From equation (3) find,

’j;” ~ 2.3026 [ 1439 +
ar

465318 p 19
7 ] =y (42)
from (37),

- M= 10149 + 0002150r; . . . . (39

and from (32), changing dr to d7’, and dropping all subscripts in
the right-hand member, find,

dp _ 119.9157  25610.0694
d—t. = - _-'U - - —'—Tvig_. e e e e (44)
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These, substituted in equation (41), give,

- 465318\ ([ 2.8026 0.35651 -
= (“39 t = ) ( T8~ 119.9157 — 21610.0694)?
DL
— 08602 + 0.0027597. . . . . . . (45

We have found for, '
v= 0.906, r = 560.66, T' = 100° Fahr., p = 12150.41.
v= 2, 7=0>519.96, T =59.3° Fahr, »p= b5796.57.
v= 8, 71=45792, T= —2.74°Fahr.,,p = 1352.97.
v=12.3'95, r = 440.66, 7' = —20° Fahr., p = 846.526.

These, in (45), give for

T = 100° Fahr., ¢ = 0.5511.
T = 59.3° Fahr.,, ¢ = 0.5058.
T = —274° Fahr., ¢ = 0.3957.
T = —20°Fahr.,, ¢ = 0.3513.

The specific heat, according to these results, increases be-
tween —20° and —2.74, at the rate of 0.00257 per degree Fahr.,
between —2.74 and 59.3°; at the rate 0.00177, and between 59.3"
sad 100°, at the rate 0.00112, so that the rate of decrease of
the specific heat decreases with increase of temperature, as it
ought for imperfeot fluids. Assuming that the rate of change is

, OF :
e=a+bT, . . . . . . ... (46

between — 20° Fahr. and 100° Fahr., and we find

¢ = 0.3846 + 0.00166 7.

But this will give values less than equation (45) for all tem-
Peratures between —20° and 100°. Making the function pass
throngh 7' = — 2.74°> Fahr. with the same slope, we have, at

:0’

¢=0.3957 + 0.00166 x 2.74 = 0.4002,

aud for any temperature 7,
¢ =0.4002 + 0.001667. (47,
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and, assuming the volume of a pound of water to be 0.016 of
a cubic foot, we have :

TABLE VI.
dege‘{}‘ahr l 8 =density. |- rq = volume. de'(l;'.a]'-!gilr. 8 =denelty. | ry = volume.
- |

—20 1.52 .01056 65 1.38822 .01158

—15 ’ 1.51 .01061 70 1.8744 .01164

—10 1.4997 .01066 75 1.3866 .01171

-5 1.4918 .0107 80 1.8587 01177

+0 1.4840 .01078 85 1.8509 .01184

+ 5 1.4762 .01084 90 1.8431 .01191
10 1.4645 .01092 95 1.3852 .01198
15 l 1.4605 .01096 100 1.8274 | .01205
20 I 1.4527 .01101 105 1.8196 |- 01212
25 1.4449 .01107 110 1.8118 . .01219
80 l 1.4370 .01113 115 1.3089 .01224
85 1.4202 .011196 120 | 1.2061 .01234
40 1.4214 .01125 125 1.2883 .01242
45 1.4136 .01181 180 1.2804 .01249
50 1.4057 .01138 185 1.2726 .01257
55 1.8979 .01145 140 | 1.2648 .01265
60 1.3901 .01151

0.016

U {48402 — 00156597, . . . . . {40)

which gives sufficiently accurate values for temperatures from
—5° to 100° Fahr. The column of specific volumes in the gen-
eral table was calculated from this formula.

Specific heat of liquefied sulphur dioxide. As an expression for
the specific heat we have, from my paper on Some Properties of
Ammonia, presented at the present meeting,

_vdp dh, ., (dr'_ .3
=20 _ch_y (& R )

From equation (3} find,

dp _ 465318
W = 23026 [ 1439 + *& ] 2, (42)
from (37),

- ‘g’; = — 10149 + 0.002759r; . . . . (43)

and from (32), changing dr to d7’, and dropping all subscripts in
the right-hand member, find,

dp _ 119.9157  25610.0694

dr T 7 (44)
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These, substituted in equation (41), give,

_ 465318\ (/23026 0.35651 pv
o= (119 + Z°7) < I8~ 1199157 — 2_;6;0.0694) E
'Y
— 0.8602 + 0.0027597. . . . . . . (45

We have found for, _
v= 0.906, 7 = 560.66, T'= 100° Fahr., p = 12150.41.
r= 2, T =519.96, T = 59.3° Fahr.,, p= 5796.57.
v= 8, 1=45792 T= —274"Fahr,p= 1352.97.
r=12.3'95, 7 = 440.66, 7' = —20° Fahr,, p=  846.526.

These, in (45), give for

T = 100° Fahr.,, c¢ = 0.5511.
T = 59.3° Fahr,, ¢ = 0.5058.
T = —974° Fahr., ¢ = 0.3957.
T = -—20°Fahr.,, ¢ = 0.3513.

The specific heat, according to these results, increases be-
tween —20° and —2.74, at the rate of 0.00257 per degree Fahr.,
between —2.74 and 59.3°; at the rate 0.00177, and between 59.3°
and 100°, at the rate 0.00112, so that the rate of decrease of
the specific heat decreases with increase of temperature, as it
ought for imperfeot fluids. Assuming that the rate of change is
linear, or ) :

ce=a+bdT, . . . . . . ... (46

between — 20° Fahr. and 100° Fahr., and we find
¢ = 0.3846 + 0.00166 7.

But this will give values less than equation (45) for all tem-
peratures between —20 and 100°. Making the function pass
through 7 = — 2.74° Fahr. with the same slope, we have, at

T =o,
¢=0.3957 + 0.00166 x 2.74 = 0.4002,
and for any temperature 7,

¢ =0.4002 + 0.00166 7' (47,
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The rate of increase is greater than has been found experi-
mentally for any liquid.

GENERAL TABLE.

SATURATED SULPHUR DIOXIDE.

=3 =5
- e
. Heat of (88 E&I8 | Vol. of [Vol. of [Weight
e'l;::;?e T:‘Tue Pressure, |Pressure, vaporiza-|= ® == | |vapor per | liquid of acu.ft.
P ] T (e mma g | (WA o
*\square foot.| sq.in. |Thermal v cu. ft.
T % M unita=h S5 " §§ 1 o |y
Qﬁ CE-I

—20° |440.66°| 845.526) 5.878|175.829(18.487 (162.342/12.40572|.01056| .08068
—15° [445.66°| 950.988 6.604|174.790(18.580 (161.210{11.12000|.01061; .00001
—10° [450.66°( 1133.102| 7. 178.688(13.7564 |159.820| 9.46485|.01066| .10590
— 5° [455.66° 1206.399| 9.002(172.506/18.877 {158.620| 8.83867|.01070| .12008
+ 0° |460.66°| 1483.226] 10.300(171.260|13.991 (157.269| 7.34900/.01078| .13627
+ 5° |465.66° 1680.709( 11.741(169.945/14.095 [155.850| 6.49701(.01084| .15418
+10° [470.66°| 1921.648| 13.844(168.562(14.199 |154.363| 5.750860.01002| .17895
15° [475.66° 2176.586( 15.115(167.109|14.281 [152.828| 5.11554|.01006, .18909
20° (480.66°( 2457.702| 17.067|165.587(14.860 |151.227| 4.556676(.01101| .21999
25° 1485.66°| 2778.81%| 19.214(|163.997(14.480 (149.567| 4.06859(.01107| .24645
80° |490.66°| 3105.809| 21.568(162.337(14.490 |147.847| 8.64071(.01118| .27551
85° |495.66°| 3476.634| 24.809|160.608/14.510 |146.068| 8.26692(.01110| .80734
40° |500.66°| 3881.261| 26.953/158.811(14.580 (144.231| 2.98377|.01125| .34217
45° |505.66°| 4430.718| 80.764(156.94414.609 [142.385| 2.57652|.01181| .8£983
50° (510.66°| 4800.128| 83.384]156.009|14.627 |140.882| 2.38216].01138( .42180
65° |515.68°| 5818.562| 36.984/153.004(14.634 |138.870| 2.15218].01145| .46713
60° |520.66°| 5879.188| 40.82§(160.931|14.630 [136.801| 1.94756/.01151| .51652
65° (525. 66" 6484.134] 45.029(148.788(14.614 {184.174 1.76507.01158| .57
70° 1580 7185.782| 49.554/146.577|14.587 |131.990| 1.60197|.01164| .62880
75° 1585.06°| 7836.195| 54.418]144.297|14.546 (129.751] 1.455690|.01171| .69248
80° |540.06°| 8584.079| 59.612[142.447|14.544 [127.908 1.32098|.01177] .75861
85° [545.66°| 9392.581| 65.226(189.529|14.414 |125.115| 1.10205|.01184( .887%
90° 1550.66°(10253.125| 71.202(187.042{14.339 1122.708| 1.10022|.01191| .91886
95° [555.66°(11171.652| 77.580(184.485(14.257 |120.228] 1.00381).01198(1.00722
100° |560.66°(12150.406| 84.350(131.860114.154 |117.706{ .91822|.01205'1.10342
105° 1665.66°|18191.894| 91.659/129.166(14.081 (115.1356! .83960|.01212|1.2084Y
110 ,570.66°(14292.799| 99.255/126.408|18.806 (112.507; .76858|.01219|1
115° |575.66°(156471.883|107.4483|123.570/18.746 |1109.824] .70344/.01224/1.
120° |580.66°|16714.965/116.076(120.669(13.583 |107.086| .64454|.01284(1.58177
1
1

b ok b ok b ok ok

125° |585.66°|18029.826/125.207(117.699(13.403 (104.206| .58077|.01242
130° |580.66°|19487.829|185.332(114.670/13.206 |101.464, .53978|.0124Y
135° [595.66°|20884 .:78(145.082(111.552(12.998 | 98.5564| .49677|.01257(2.08528
140° |600.066°22428.933(155.756(108.875/12.742 | 95.668| .45462|.01265/2.26258

It will be seen from Table IV. and from Fig. 23, that the iso-
thermal of 35° Fahr., found experimentally by Regnault, is only
from .055 to 1.51 pounds above the curve of saturation at corre-
sponding volumes, and is limited between 3.50 and 5.73 cubic
feet. ‘These ranges are too small to give confidence in deduced
values much above the highest or below the lowest; and partic-
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ularly so in the case of the specific heat of the liquid which in-
volves so much refined analysis, and other deduced values. We
therefore will find a value for it between volumes of 8.5 and 5.7
cubic feet, say at 4.5 cubic feet, and consider the value as con-
stant; this gives :
c=04L. . . . . . . . . . 48

If the superheated vapor be considered a perfect gasin estab-
lishing equation (45), the resulting value of ¢ will be over 0.6

Fg 23,

forT=100, and about the same as found for T = — 20", so
that the rate of change would be somewhat greater than that
given in equation (47).
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By comparing this table with Table IIL, in the paper by
Prof. Jacobus, it will be found that :

T

Temperature deg. Fahr. ; Experimental. | Wood. ) Difference.
| i |
—-10 170.20 : 178.68 ’ 8.48
0 ' 1e5.08 | 171.26 6.20
i
20 152.07 | 165.58 13.51
l

]
|

The difference between the experimental values and those of
the writer increases too rapidly. Taking the rate of difference
between the first two values, and determining the rate of de-
crease from the first and third of the above experiments, we may
write the empirical formula,

h=171-0606T, . . . . . . . . (49
which will be sufficiently exact from — 15° Fahr. to 40° Fahr.
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‘CCCCXX.*

THEORETICAL INVESTIGATION OF THE EFFICIENCY
OF VAPOR ENGINES.

BY DE VOLRON WOOD, HOBOKEN, N. J.

(Member of the Society.)

IN the year 1884 Messrs. Gantt and Maury made an investiga-
tion similar to that contained in this paper, but having discovered
certain defects therein, especially in the case of ether, I desired to
have the entire investigation reviewed, and for this purpose was
fortunate in securing the services of Messrs. J. T. Wescott and L.
R. Mendoza, members of the graduating class of Stevens Institute
of 1890, who made all the computations, and my labor consists
chiefly of condensing, arranging, and editing their work. Some
of the methods and references are different from those of the
previous investigators. The fluids considered are: steam (H,0),
alcohol (C;H,O), carbon disulphide (CS,), chloroform (CHCI,),
ether (C,H,,0), and ammonia (NH,). All these, except ammonia,
were investigated by Gantt and Maury.

The following notation will be used throughout this work :

7\ = initial temperature in degrees Fahrenheit.
T, = final temperature in degrees Fahrenheit.
7, = absolute initial temperature.
7, = final initial temperature.
2, = initial pressure in pounds per square foot.
p: = final pressure in pounds per square foot.
k., h,, = the corresponding latent heats of evaporation of 1
pound of the fluid in B. T. U.

H,, H,, = latent heats of 1 pound in foot pounds.

L, L= laten!: heats of 1 cubic foot in foot pounds.

wy, w; = weights of 1 cubic foot of vapor.

vy,  v; = volumes that the fluid would occupy if it were all

vapor.

u,, u; = initial and final actual volumes.

K = mean specific heat of the liquid between the tem-
peratures 7, and 7,

* Presented at the Richmond meeting of the American Society of Mechanical
Engineers (180), and forming part of Volume XII. of the Z'ransactions.
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W = total work of expansion.

W = total work of compression.

H = the heat used in foot pounds.

E = efficiency.

J = dynamic unit of heat = 778 foot pounds.

CASE I

In this case the fluids are worked in a Carnot’s cycle, and it is
designed to show, by numerical solutions, that the efficiency is the
same for each of the fluids when worked between the same limits
of temperature.

A B
3 D c
H [
[} F
Fie. 25.

Let Fig. 25 represent a cycle of Carnot, in which A represents
the state of the fluid when it is all liquid, A'B its path during
isothermal expansion, BC the curve of adiabatic expansion, CD
the line of isothermal compression, and D.1 the path during adia-
batic compression.

In order to find the work done by any of the fluids during ex-
pansion, it is necessary to derive an equation for the adiabatic
BC. 1If the vapor be saturated, the equation is given in Wood’s
Thermodynamics, page 184, equation (a), as follows:

:w=(1(wg,§+f"i)"” S 3

7 /h

in which @ is the fractional part of 1 pound of the flnid that has
been converted into vapor, #;», = the volume of 1 pound of satu-
rated vapor at the beginuing of expansion, and zv = the volume
of vapor atany point during expansion, the volume of the liquid be-
ing neglected.
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If the fluid be all vapor at the beginning of expansion, , = 1;
and we have

VT T he
w:u:T:(Klog,—T—'+-?1‘> B 1]

If the fluid be all liquid at the beginning of expansion, z;, = 0:
and

or | 7 '
w=-Klog - . . . ... @)

If the adiabatic is that of a superheated vapor, then it will
follow approximately the law of a perfect gas, and its equation will
be of the form )

u=ul(—:'—>;:lT B & )

where y is the ratio of the two specific heats.
To find the work of expansion, Wp
‘We have (Fig. 25).

Wg= ABCFO = ABCE + OC,

but ABCE = j udp and OC = pyu,. -
p3

pl
i W= I dp + pytts.

u
2

By the aid of equation (1) we have

I;;;dp= JK{r,—r,(1+l09.% z’

7 — T,
+ o Hi—

o We=pu, + JK { 7, — T, (l + log, —:—;> }

T — Ty

+ le;l (4)

1

Equation (3) is the expression for the work done by one pound
of fluid.

If we oconsider the action of %, cubic feet, then equation (3) is
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to be multiplied by w,u,; and this value substituted in (4) will
give
Wy = JKu,u, { " — 1, (1 + Zog,%) }
2

T‘:Tz+pzu, N )]

1

+ @, u',I*I,1 u,

If the fluid is all vapor at the point of cut-off. z; = 1; and
substituting in (5), observing that w, 71, = L,, we get

W = JKwu, { T, — 1, (1 + lo_(/,—:'—> } + paty

T, — T

e (®)

+ Ly,

This expression for the work of expansion is true for all vapors
retaining the state of saturation during the adiabatic expansion.
Later will be given the equations for superheated vapors.

To find the work of compression.

If the fluid expands adiabatically from state 4 till its tempera-
ture falls to 7,, the work done by it will be the same as the work
done upon it when compressed, without transmission of heat from
D to A.

Therefore, making @, = 0 in (5), we obtain,

1
2

We = Jhw 5! -1, (1 + log, ;) } + e . . (7)

Therefore, the effective work will be,

WE—T‘I"C:Llu,?':fz. B ()]

The heat used is the latent heat of evaporation of w, cubic feet
ef the fluid ; or,

H=Lw . . . . . . . .4e(9
E=—tp—=-—— . . .. (10)

being the efficiency of the perfect elementary engine, and equa-
tion (8) is the expression for the second law of thermodynamics.
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Now we will proceed to find the numerical values of all the
quantities that enter in the equations which we have established,
and these values are tabulated at the end of this case.

First, we will consider those saturated vapors whose specific
heat is negative, or “steam-like ” vapors.

We have selected for the initial and final temperatures the
respective values,

. T,=3416°F.and 7, =194'F.;
or,
7, = 802.26° ; 1, = 654.66°.

To find the pressures corresponding to these temperatures, we

have used Rankine’s formula for saturated vapors, which is,

R C .
logyp=d4—=-5,. . . . . . 11

T

in which 4, B, and C are constants having the following values:

4 log B log C

Steam ............ 8.28203 3.441474 5.588973
Alcohol........... 8.68170 3.4721707 5.4354446
Carbon Disulphide. 7.4263 8.3274293 5.1344146
Chloroform............ 4.3807 [This B is 8.288394 negative] 6.1899631
Ammonia . ........ 8.4079 3.841682

.........

Making the corresponding substitutions in formula (11) we find
the following values for the pressures:

n »
1bs. per #q. ft. 1bs. per sq. ft.
Steam .........ccc00nnen- 17408 1469
Aleohol................. 36450 8279
Carbon Disulphide....... 86745 7209
Chloroform ............. 24871 5432
Ammonia .....eeveeans 468700 113100

Differentiating equation (11) we obtain,

dj B 2 ,
c2op(Z+2) x2sme=1. . . . (9

Substituting in this equation we get for the latent heats,

. z, L,
Steam ...vieveiasainan 186905 20558
Alcobol................ 881859 43701
Carbon Disulphide...... 259844 04970
Chloroform ........... 186930 58858

Ammonia.............. 2054108 873561
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To find the latent heals of evaporation per pound in B.T. T.
we have resorted to the following formula,

hh=a—bT—cI” . . ... . (13

in which @, b, and ¢ are constants having the following values
(reduced to British units from the corresponding metric values
determined by Regnault) :

a ] ¢
Steam ....oiiviiieanann 1121.7 0.6946 0.00002222
Aleohol..........o0vnnnne. 524.07 0.92211 —0.000679
Carbon Disulphide........ 164.57 0.0716 0.0002746
Chloroform ....... ...... 128.6 0.098 0.0002823
Ammonia................. 555.5 0.618 0.000219

Substituting in equation (13) we have,

hey ha

. (Thermal units.) (Thermal units.)
Steam ........c..oviieee caianann 878.59 978.44
Alcohol.......... Creererenaiaene 288.19 870.78
Carbon Disulphide.............. 108.07 140.84
Chloroform ..........coivennn.. 58.92 94.94
Ammonig...........c.ieiiiinn. 820.54 428.84

Multiplying these quantities by 778 (the dynamic unit of heat),
we obtain,

"y Hey
(Foot pounds.) (Foot pounds.)
BteAm ...covvniieeerenneeinnnnan 679653 761226
Alecohol.........ccvvveeevninnn. 224216 288428 -
Carbon Disulphide.............. 84077 109188
Chloroform .................... 45843 73867
Ammonia........ T . 249383 888246

The weight of 1 cubic foot of saturated vapor is the ratio of the

two latent heats; 7.e,

'w=£.........(l4)

e
From this we obtain,

w, s
(Welght in 1 cau. ft.) (Weight in 1 cu. ft.)
SteBm .....ccoiiviniiiiieiinnenn. 0.275 0.027
Alcohol......coove tiieiniainnn, 1.701 0.151
Carbon Disulphide............... 8.091 0.595
Chloroform ........ «....e..... 2.978 0.722
Ammonig..........v0nnn. caeeeas 11.842 2.621

The amount of heat to be used in this case will be made the
same for each of the fluids, and equal to the amount of heat
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The effect of condensation would modify the efficiencies, also
compression to fill the clearance space in actual engines would
modify the efficiency a small amount; still, considering the size of

Lbs. per Sq.Ft.

Fra. 29.

the engine, the cost of construction, the cost of the fluid, and the
facility and safety in handling, it is safe to conclude that water <s
by far the best medium of the substances considered for transform-
ing heat into power.
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To find the latent heals of evaporation per pound in B. T. U.
we have resorted to the following formula,

hh=a—bT—cI” . . ... . (13

in which a, b, and ¢ are constants having the following values
(reduced to British units from the corresponding metric values
determined by Regnault) :

a ] c
Stedm .......c0iiiiiiinn 1121.7 0.6946 0.00002222
Aleohol.........ccoounttn 524.07 0.92211 —0.000679
Carbon Disulphide........ 164.57 0.0716 0.0002746
Chloroform ....... ...... 1286 0.098 0.000282
Ammonis.........c000enn. 555.5 0.613 0.000219

Substituting in equation (13) we have,

hey ha
. (Thermal units.) (Thermal units.)
Steam ..........ciiiii v 873.59 978.4
Alcohol.........coviiinniiennnn. 288.19 870.78
Carbon Disulphide.............. 108.07 140.384
Chloroform .........couvvueinnnn 58.92 94.94
Ammonia.............ceiiian... 820.54 428.84

Multiplying these quantities by 778 (the dynamic unit of heat),
we obtain,

He, Heg
(Foot pounds.) (Foot pounds.)
Bteam .....oooiiniiiniinnienanan 679653 761228
Alcohol.......cooiviiiiiiinin, 224216 288428
Carbon Disulphide.............. 84077 109188
Chloroform .................... 45843 738067
Ammonia...........oiiiiiiiann 249383 888246

The weight of 1 cubic foot of saturated vapor is the ratio of the
two latent heats; 7.c.,

w=L ...
e
From this we obtain,
w0, it |
(Weight in 1 cu. ft.) (Welght in 1 cu. ft.)
Steam .....c.ciiiiiiiieiiiiians 0.275 0.027
Alcohol........... ... ereereee. 1.701 0.151
Carbon Disulphide............... 8.091 0.595
Chloroform ........ <v.ceveenns 2.978 0.722
AmMMONIB. ..o.vveriieiieiaananss 11.842 2.621

The amount of heat to be used in this case will be made the
same for each of the fluids, and equal to the amount of heat
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necessary to evaporate 1 eubic foot of steam at the temperature
341°6 F.
*.H=186905. . . . . . . . (15

Let the fluid be all vapor at B (Fig. 25); then, since the heat
used is H, the volume occupied by the vapor at that point will be

H
11,:1—1.........(16)

This equation gives the following values :

Steam. Alcohol. Cardb, Dis. Chloroform. Ammonia,
0, =4, 1 0.49 0.719 1.865 0.063

If the vapor did not condense during expansion, then its volume
at the end of the expansion would be

0,

V= — e e e e e e e
2 w,’ an
which gives
Steam. Alcohol. Cardb. Dis. Chloroform. Ammonia.
0y = 10.185 5.519 8.734 5.647 0.285

But in vapors whose specific heat is negative there is a partial
condensation during adiabatic expansion, and therefore the volume
occupied by the fluid at the end of the expanswn will be less
than v,

To find this actnal volume we make use of formula (2), from
which we derive the following values :

Steam. Alcohol. Carb. Dis.  Chloroform, Ammonia.
u, = 8.80 5.89 3.26 4.80 0.26

Comparing these results with the preceding shows that the
condensation of vapor due only to expansion will be, in per cent.
of the original mass,

Steam. Alcohol. Carb. Die, Chloroform. Ammonia.
184 23 18 15 9

This does not include the initial condensation, nor, indeed, any
effect, whether of condensation or of reévaporation due to the
transmission of heat through the walls of the cylinder.

It was not observed by the computers until after the work was
completed, that between the limits of temperature nsed in this
case the specific heat of the saturated vapor of ammonia is pos-
tive, and hence for these limits it should be classed with “ether-

like ™ vapors. T have shown that the specific heat of the satu-
11
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rated vapor of ammonia is positive for temperatures above 95° F.
(Thermodynamics, p. 335). The discussion of the ether engine,
further on, will show how ammonia vapor should have been
treated. :

The total heat of a liquid at 7° is the number of B.T.U. neces-
sary to raise the temperature of 1 pound of the liquid from that of
melting ice to 7°. This total heat has been determined by Reg-
nault at atmospheric pressure, and is given in B.U. in equation
(4), p. 407, Wood's Thermodynamics, as follows :

g=a+bt+cf+de.. . . . . . (18)

The specific heat at any temperature will be the differential co-
efficient of the preceding equation.

.'.A':S—;]=1>+2d+3dt’ PR ¢ £))

If ¢ is the temperature in degrees F., the constants will have
the following values :

b 4 d
Steam............ 0.99957833 0.000002222 0.0000000926
Alcohol........... 0.50954300 0.00056107 0.000000617284
Carbon Disulphide..2323140 0.00004555 0.0000000000
Chloroform........ 0.2305470 0.00002817 0.00000000

Ammonia* ..... e e

....................

Substituting the corresponding values in equation (19) we get
for the mean value of A between 7, and 7.,

Steam. Alcohol. Carb. Dis. Chloroform. - Ammonia.

E= 1 0.954 0.257 0.245 14

Having found the values of the quantities entering the equa-
tion of works we are now ready to substitute them in (8) and (7),
and have

p "

Steam.......... ........... 50323 15982
Alcohol........c.vvvnnnnn... 61043 26652
Carbon Disulphide........... 64538 80147
Chloroform.................. 71843 37452
Ammonia................... 72222 87831

* The constants for ammonia are not known.

t It is accurate enough to consider the specific heat of liquid ammonia as
constant and equal to 1. Since this was written the specific heat of liquid
ammonia has been found to Le 1.229. (See writer’s second paper on Some Pyo.
perties of Ammonia, in this volume.)
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The difference of these two works is the effective work, and is
given by equation (8),
.. Effective work = 34391, . . . . (20)

which is the same for all the fluids, since the same quantity of
heat is worked between the same limits of temperature.
- From (20) and (15) we get
EF=184percent, . . . . . (21)
which is evidently the same for all the fluids.
‘We will now consider ether, the specific heat of whose saturated
vapor is positive.
As we have supposed that the fluid is all vapor at the point of
- cut-off, this vapor, when ether, will superheat during adiabatic
expansion, and the equation to the curve of expansion will be of

the form,
%:(?)‘ C @

where A = ‘%,, a being obtained from an equation for saturated
L J

vapors of the form
pv:ar—%, e (28)

the constants a and b being determined by experiment. (7rans-
actions, Vol. X, p. 673.)

As these constants for ether are not known, we have used for-
mula (3”") which is acourate enough for our purpose.

A B

MY F F
Fie. 26.
The annexed figure (Fig. 26) gives the path of ether, when worked
in Carnot’s cycle. B( shows the adiabatic of superheated vapor,
CD’ the isothermal of superheated vapor, /D the isothermal of
saturated vapor, and DA the path of adiabatic compressivn.
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The total work done during expansion is ABG'O + BCFG';
and that done during compression is CFF'D' + D'F'OE" +
E'DA.

Let F'D'=P4’ E'D =u, and E'D=u;

then (using the same notation as before for the other quantities)
we have

Wg=pu, + ;;du
= pou, [1 — " — ”)] .. (24)

L] n
Wo=[ pdu + pa +fu(]
c j:l.P Py » P
= py :—:log%j + poey + JEwu, I:‘rl -1, (l + log, ;:>:I . (25)

For adiabatics of perfect gases we have

p_m........(ze)
w\*-1 1
(;) =L ... e

To find the values of the quantities entering these equations
we have proceeded in the following manner :
Eq (11) gives p, = 55350, p, = 10850.
12) « I, = 391782, I, = 97642.
“ (18) « h,=99.49, i, =143.98.
1, = 77341, H, = 112032.
“ (14) “ w, =5.065 1w, =009
“« (16) ¢ w, = 0.476.
“ (19) « K =0.606.
“ (26) “ p, =1440.
“ (27) “° uy, = 14.938.
_kp, 4797

y=p="pg =108 . . . .. (2

Substituting the above values in equations (24) and (25), we get
Wy = 115000, W = 80609.
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Therefore,
Effective work = Wy — W, = 84391,

which is the same as that before found, equation (20).
The heat used being the same for the six fluids under con-
sideration, the efficiency will be the same as before, ..,

E = 18.4 per cent.

This case presents many points of interest. We have not been
able, by means of equations (24), (25), and (9), to deduce the last
member of equation (10). The final numerical result being 18.4,
as in the other cases, shows that the constants, X and y, involv-
ing the specific heats of the liquid and of the gas, must have been
very accurately determined.

Assuming the equation
P,y [l + ’-’1_—1 "—r—lﬁ— ;.: log :—: —pau—JKwu, [t. - r.(l + loge :—:)]

Llul

Ty — Ty
= ’

L 31

the reduction gives a peculiar and complex relation between the
three specific heats—the specific heat of the liquid, A, and the
ratio of the specific heat of the vapor at constant pressure to that
at constant volume. '

To illustrate this case more thoroughly, we will plot an indica-
tor card for each fluid.

In order to do this we must determine at least two more points
on the expansion curve, and the point where adiabatic compres-
sion begins. In the case of ether we must also determine the
point on the path of isothermal compression where the vapor
passes from the superheated state to that of saturation.

‘We have taken two intermediate temperatures between 7, and
T, which we call 7" and 7". Take

T =300°, 7" =250°; .. 7 =760.66°, 7" =T10.66°.

The pressures, p’' and p”, corresponding to these temperatures,
are obtained by means of equations (11) and (26), and are given
in Table I.

The abscissas of these points, »' and ", are determined by
means of equations (2) and (27).
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The point D (Figs. 25 and 26), or u;, where adiabatic compres-
sion begins, is found from equation (3).

To obtain the point D' (Fig. 26) for ether, combining (11) and
the equation of the isothermal, pu = p,u,, we have

Uy = 1.982-

Having these points, we can draw approximately the indicator
diagrams for each fluid, thus showing the work done by each of
the vapors in question.

Table I. contains all the given and computed quantities of the
case, and Fig. 27 gives the ideal indicator diagrams.

Fia. 27.
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CASE 1I.

Case I. is never realized, even approximately, in practice, and
in Case II. we take a step toward actual conditions, by assuming
that the cylinder communicates with a condenser, that the exhaust
is not opened until the end of the stroke, and that it remains open
throughout the back stroke, in which case there will be no com-
pression. We assume the same initial temperature as in Case I.,
and let the temperature of the condenser be

104°F. = Ty; .. 73 = 564.66.

The pressures of the saturated vapors corresponding to this
temperature are given by equation (21), and the results are given
in Table II.

From Fig. 25 we get .

W=ABCE + ECGH

= f j:wlp + % (Pr — )
= JKwu, {r, —1, (1 + log.;: }

T, — T,

-f-l.,'ul—f + U (Pe—pa - - - - . (29)

1

This equation is true for all fluids whose specific heat is nega-
tive.
For vapors whose specific heat is positive, like ether, we have
(Fig. 26), 3
W=ABG'O + BCFG' — HGFO.. . . . (30)

The sum of the first and second terms of (30) is equal to the
second member of equation (24) ; and HGFO = u,p,;

1 /7, —
- W=pu [1+y___1 ! ”)]—u,p,. . . (3D

T

The heat used for any of the fluids in question will be obtained
from the formula

E= JK’[U]“] (]'l -_ .713) + Llul' e e e . (32)

To make the comparison more complete, we will find the
relative sizes of the cylinders to produce the same power.

Let V be the volume of the cylinder in cubic feet, W'=the
work done by steam, %', = the volume of the cylinder required to
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produce the work W', W and u, the corresponding quantities for
any other fluid; then we have

=W
——W—u”°""'."(33)
and if we call the volume of the cylinder in the case of water
unity, and # the relative size of the other cylinders, we obtain
W'
Wew, oottt (84)
Fig. 28 contains the ideal indicator diagrams, It will be ob-

served that the ether is expanded to a pressure lower than that of
the condenser.

M=

&w,
Fre. 28.



170 INVESTIGATION OF THE EFFICIENCY OF VAPOR ENGINES.

%Q°q1 _ 0°9.2¢3v1 _oS 0893

- oot |ows | win| o s s | ww o Larg | o
%81°81 nass 1 |osoes | 9o'ves 88T | E8v'L | IhIY __ Tﬂ« 001 | Iy , 120°% | Sy [rooeeeeeeeee SR T
205" 61 a§8 ....a 08 | 09°99 SI¥'L | €96°F | LIV T [M3'E [p0RI i 180 N ¢ _3.... R [ttt ‘0OHD
03 | :az _..a aut | 99°ves 1 800°3 | 163°I !S9P 1 [219°8 [898°1 ms_.p P o8 | 160°g |ttt %80
$¥6°13 1306K0 _... 621081 L8 _ 99494 860°8 | 28°I | &IO'IL | 1 |096'8 jRes'E | o8&°T1 L 196" |1s1° | poLp [ttt "O*H®
$19°03 °8808Y _ 8891 ' 99'408 88I'8 [ 129°1 | 08'8 T [.9L°® P__n.: o ©olwo |y |t O'H
T H _ M “ A 4 sd _ L7 , W n n _.= d i _ ty , o, | S n dVA

..w:::_...nﬁ_ L e 1 T a:_.:s .............. 51926 (382168 _88 _S:e otpl  [0S89S 82.8 §_8 §_§ 0% _8..._ _o e | 0*'H*D
10RF08 |02.28.22|9¥5688|8486FS 95858 68" T98!V8"60F 1" 038 RIZAL1 619058 19GRLS 801 FSG3 689208006182 00IEIT 00LH0F(00" 012 99°002/09" §_8 amsu 8» _:: 9 118 |©°  "SHN
008t 6019 rsa. 8Y8ey 85“38 it6°16 |56°6S 'TS0P8 (969801 (SCKEC |0BONLT. _&:_ -0018L TS r.m; 99°01. £9°00L 99" :a_a ai“oa 008 'ter lo 1eg |+ (0RO
28200196036 '881601(22008 19" 8__ ::Te_ss;‘a-_ 309603 104619 (118095 6CIMT 0BRIS 00X ley206 o 12 99-0n2l90° 5_8 ~88~ §. AL _3_ ....... 80
‘8—85_&5&238 855" :8_& o&_a RAG B6ELT 16685 16285 '6SEISE _88 16106 (6238 [0ST98 {99 OIL 99°002(09" ze_a smea § x.._ o e _... -0'n%
g.g_xh_;oqmsg: 188 26°600 1° 816 03°028) o6 il e 06981 il sl m:hﬁ.se-sﬁ_s 3W§mﬁh§ o188 Tt O'H
A A AR AR A R N R R I 8 I B B S ¢ _ ol _ a |l |a| ol afa]|n _;N_&“s Yy cava

U JTdVL



INVESTIGATION OF THE EFFICIENCY OF VAPOR ENGINES. 171

CASE IIIL

Thus far the same limits of temperatire have been assigned.
In this case we assign the same limits of pressure for all the fluids
between which they are expanded, and the temperature of the
condenser is assumed at 104° F. as before. This temperature
being less than the final temperatures in the case of sulphur diox-
ide and ammonia, gives peculiar results, more especially in the
case of the latter, in which the pressure of the boiler is less than
hat of the condenser, as shown and explained further on. We
assume pressures between which steam is often worked in ordi-
nary practice. The pressures assumed are:

» =17408 lbs. per square foot = 121.6 lbs. per square inch
(nearly).
p = 1469 lbs. per square foot = 10.2 lbs. per square inch.

The remaining values are to be found from the formulas already
established in the preceding cases, and are given in Table III.

Aplite of diagrams illustrating this case is also given at the
end of this case (Fig. 29).

The results found for ammonia in this case are unpractical and
differ greatly from the other values, this difference being inter-
preted in the following manner :

The pressure of the condenser being greater than that of the
boiler, will necessitate the use of another engine driven by the con-
denser to work the one under consideration, and the efficiency
165% which we have obtained is that of the outside engine
or condenser, being one and sixty-five hundredths more efficient
than our considered engine. The first case of ammonia engine
considered is virtually a compressor. We have added a second
case of the ammonia engine, in which the inferior limit of pressure
i8p,= 10374 and the corresponding temperature is 39.34° F., and
als have taken the temperature of the condenser at the inferior
limit of the temperature of expansion, 39.34° F. Although this
temperature is too low to be realized in practice, except by arti-
fiial moans, yet it furnishes a better means of comparison than
the other hypothetical cases of this fluid.

Aftention is called to the relative sizes of the cylinders in
%orking the several fluids as shown in the column marked M. It
8ppears that, excluding ammonia, of all the vapors considered the
¥apor of water requires the smallest cylinder, and the efficiency of
this fiuid is also greatest, as shown in column marked .
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The effect of condensation would modify the efficiencies, also
compression to fill the clearance space in actual engines would
modify the efficiency a small amount; still, considering the size of

Pressures
Lbe. per 8q.Ft.

Fre. 29.

the engine, the cost of construction, the cost of the fluid, and the
facility and safety in handling, it is safe to conclude that water s
by far the best medium of the substances considered for trangform.
wng heat into power.
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CCCCXXIL.*

HEAT TRANSMISSION THROUGH (AST-IRON PLATES
PICKLED IN NITRIC ACID.

2Y R. C. CARPENTER, ITHACA, N. T.

(Member of the Society.)

DuriNG the past season the writer made some experiments
to ascertain the relative heat transmission through cast-iron
plates in the condition left by the foundry, as compared with
the same plates treated with dilute nitric acid for periods
respectively of 9, 18, and 40 days, the acid baths not being
strengthened during the period of immersion of the plates. The
results show a marked change in the conducting power of the
plates, due to prolonged treatment with dilute nitric acid, and
would indicate that a decidedly beneficial effect might be ex-
pected by treating the castings of steam-engine cylinders in such
a bath.

The action of the nitric acid, by dissolving the free iron and not
attacking the carbon, forms a protecting surface to the iron, which
is largely composed of carbon; in the plates actually treated, one
surface was converted into a black enamel, and the other covered
with a large amount of rust, which difference, as yet, has not been
accounted for. The investigation was made at the request of Dr.
R. H. Thurston, and it is proposed to continue it under various
conditions and with improved facilities.

The effect of covering cast-iron surfaces with varnish had been
previously investigated, under the direction of Dr. Thurston, by
Mr. P. M. Chamberlain. He subjected the plate to the action of
strong acid for a few hours, and_then applied a non-conducting
varnish. By simple treatment with acids, under such conditions,
he found no especial difference in the conductivity of the plates,
- but the same plates subsequently oiled with a drying oil and then
varnished, showed a remarkable decrease in conducting power.
In the experiment by Mr. Chamberlain, one side of the plate was
polished, the other rough lathe finished. The following table ex-
hibits his results, one surface only treated :

* Presented at the Richmond meeting of the American Society of Mechanical
Engineers (189)), and forming part of Volume XII. of the Transactiona.
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L Heat Units!
i?' ! Heat Unite ;";:r'g;:?"
Test. m:_ |for each d:}'.

gree.r — 7. . _

v 1 3509 | 170 ' As finished—greasy.
2 3B5.4 1€9 it . .-
V3 S48 16 | % washed clean with benzine and dried.
A 51893 139 “ “ w e - e
ts - 3055.8 152 .- “ “ “ “
\ 6 5523.9 169 ! Oiled with lubricating oil.
vT 1 5H48 168 R .
v 8 - 58204 13 Washed cl@n with henzine.
9 B®BE ! 1 . " Ce -
V10, 51009 162 After exposure to nitric acid sixteen honre, then oiled, linseed ofl.
) Rt 5535 "',‘g 1‘1: - o o e “ - e e

12 : ~ . . “ oww “ “
(s | osses 166 « = = hydrochloricacid 12 *
" 14 | 5741.1 174 ; “ . . . oo e .“ .“ “" .-
115 | 2004 | ng .o« - ** sulphuric acid 1, water 2. for 48 hours, then ofled.
116 3104.9 17 - varnished, and allowed to dry for 24 hours.

NoTE.—The last column was computed from Chamberlain’s data. It shows
about 50% greater conductivity than obtained by the writer with cast-iron with
the foundry skin not removed. From the different methods of inve-tigation the
results are probably not directly comparable.

In above tests, 7 — 7’ equals about 235°.

In making the following experiments, a series of casteiron plates
was obtained, each cast at the same heat and from the same pat-
tern, each measuring 8.4 inches by 5.4 inches by .45 inch thick.

A bottle of concentrated nitric acid was obtained and two
solutions in rain water were made—the first containing 1% of
nitric acid by measurement, the second 5% of nitric acid. Iu
each of these solutions three of the cast-iron plates were placed.
The plates were immersed in a horizontal position, and separated
from each other by small blocks at the corners, 80 as to permit a

free action of the acid. The solution was shaken and left for some
time in an inclined position to permit any air beneath the plates
to escape.

The plates were left in these solutions, respectively, 9 days,
18 days, and 40 days, at which time a test of the relative con-
dacting power was made. A test was also made of the relative
conducting power of a plate of cast-iron of the same dimensions
and not treated in any way, and also of a plate of pine wood of
same dimensions as the cast-iron plates.

The following method of testing the relative conducting power
of the plates was adopted, after several trials, and proved quite
“ﬁlfactory. A box, shown in section in Fig. 8!, was made of
boards an inch thick, with internal dimensions 8.5 by 5.5 inches
81d 65 inches deep. Near the centre of the box and extending
completely around on the inside, a strip of wood § by } inch was
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rabbeted in place, as shown in the sketch. The top of this strip,
marked 2 in Fig. 31, was made accurately parallel to the top of
the box, and neatly fitted in place. A gasket of rubber packing
was fitted to the projecting top of this strip. Two frames, made
of hard wood, with a horizontal piece about one inch square, were
securely fastened to the box, as shown in Figs. 31 and 32. From
the horizontal piece, G, of each frame, two braces, HH, were set
with the lower ends resting on the plates to be tested. These
braces were cut of such a length that by forcing them into nearly
a vertical position, a strong pressure was made to act on the
corners of the plate to be tested, and no difficulty was found in
producing a steam-tight joint. The plate to be tested was intro-

A : A

‘Fie. 81. Fia. 32.

duced in the box as shown in the sketch, thus forming a hori-
zontal partition, /)D. Into the portion of the box below the plate
a one-gqnarter-inch pipe, £, was introduced, terminating near the
centre of the box; this pipe was connected by a rubber hose to a
steam supply ; on the opposite side and near the bottom of the
box was inserted a one-half-inch nipple, #, for the discharge of
the condensed steam. A thermometer, BD, was inserted in the
steam chamber as shown in the sketch, and maintained in the
same position during all the tests. Water was put in the box
above the plate and the heat transmitted through the plate was
measured by the increase in temperature of this water. To
measure the temperature of the water, a thermometer, shown at
4 in sketch, was held in position by a cross-piece of one of the
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frames, the thermometer being kept with its bulb immersed and
in the same position throughout all the tests by maintaining a
mark on the stem opposite the lower edge of the cross-piece.

In making a test, the plate was first put in position, the box
levelled, and steam turned on in the pipe %, with pipe F closed,
until it was ascertained that there were no steam leaks around the
edge of the plate. Steam was then turned off in pipe E, pipe F
opened, the water was added in the chamber above the plate
ufil it passed off in the overflow pipe L. Steam was then admit-
ted through the pipe £, and as soon as the water above the plate
reached a temperature of about 70°, readings of both thermome-
ters were taken, and continued each minute until the water at-
tained a temperature of about 150°. The temperature in the steam
chamber could not be maintained quite uniform, as shown by
the readings of the thermometer B. There was also a slight
variation in the degree of temperature at the beginning and ends
of the different tests, but not enough to make any material differ-
ence in the results attained. The process used being exactly
duplicated for each plate tested, gives the comparative transmis-
sion of heat for each plate, but does not give with exactness the
number of thermal units transmitted, because of our ignorance of
the currents existing in the water chamber. Assuming no hori-
wontal currents to exist, which is probably true, the average num-
ber of thermal units transmitted per inch of surface is equal to
the weight of the water, 3.125 lbs., dividled by the exposed
surface of the plate, 38.7 square inches, multiplied by the rise in
temperature ; or .0807, multiplied by the rise in temperature of the
water.

This can be reduced to thermal units transmitted per square
foot per hour as follows, neglecting the coefficient of the internal
thermal resistance.

K represent the number of thermal units transmitted per
hour for each degree that temperature of steam chamber
exceeds that of the water chamber,

T represent the average temperature of the steam chamber,

7' represent the average temperature of the water receiving
heat,

@ represent; the effective area of the plate in square feet = .27
8q. ft.,

© = weight in pounds of the water heated = 3.125 lbs.,

13
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(7 = average gain of temperature of w. per minute,
g = average gain of temperature of w. per hour = 60 2.

Then (r — ') aK = gw = 60 Gw
E=5000 gy G _ 06944
(r—=17)a T—17 1—71

Radiation into the atmosphere from the surface of the water
exposed can be neglected, as time of heating was very short.

In the proposed investigations of other conditions, relating to
the transmission of heat, the temperatures in the steam chamber
and water chamber will be kept constant, and the heat ‘units
measured by the weight of water heated in a given time.

In Mr. Chamberlain’s investigation no change in the conducting
power was noticed until the
plates were varnished, when the
conducting power was reduced o = =
33%. In the investigation made
by the writer the loss of con-
ducting power of the plates im-
mersed in the 1% solution of the
acid varied directly with the
time of immersion up to eigh- =
teen days, after which it re-
mained npearly constant. This
is best shown in the diagram
appended (Fig. 33). Those o
plates immersed in the 5% solu- Fic. 88.
tion showed a greater loss of .
conductivity for a short time of immersion, but at the end of forty
days the result from either solution was substantially the same.

These changes are clearly shown in the diagram following the
article, and in the following summary of results, as well as in the
appended tables.
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STMMARY .OF RESULTS.
5 moponllon?:e i
Increase In erma’ units
. for. i
Character of Plates, each plate 8.4 inches by 5.4 , te;l: r]nl:um ;" t;:c“l: l:i';g:t?e :: l tnl:i‘::q‘;m
inches, exposed surface. .2 square foot. water "% difference of | ot
iante. ! temperature per' heat.
| T et per
Cast iron—untreated skin on, but clean, ;
freefromrust ....... .............. 13.90 1138.2 ' 100.00
Cast iron—nitric acid, 1< sol., 9 days. 11.5 7.7 86.8
" . 1% #ol., 18 days. .| 9.7 | 80.08 70.%
' . 1% sol.. 40 days. .| 9.6 77.8 68.7
. . 54 sol., 9 days...: 998 | 870 76.8
" “ S5 sol.,18days.. ............ 86.0* 70.0%
‘o “ 57 rol., 40 days. . 10.6 .4 68.5
Plate pine wood same dimensions as) 0.83 1.9 1.6

CAIIOD....c.aavnnnns

......;!

AVERAGE RESULTS OF TRAN

* Approximately.

SMISSION TRIALS OF HEAT

THROUGH CAST-IRON PLATES.
Plates .45 thick.

Es 7—1" | Relative
2% Average | number of
== L4 difference| Thermal
Saof | EE + Averaze | tempera-| units for
Test, |&s Tempera-; ture, each degree
* 1% | ture, Steam T—v
- ? Water. | chamber | per square
s and foot per
c= I Water. hour.
L.. 91.8 107.5
2. 88.2 1148
3 , 844 1134
4. . 884 118.5
S | 8y 110.0
6 | &2 115.2
Avensge.|......|.......... ove wnnnnn 113.2
1. . 81.5 0.6
:.. EEE K] 1.8
3. 1270 . 811 103.9
Avenge. | [ ... 9.7
1 9.8 18.7 88.7 79.24
%..... 12| 1283 83.6 £3.00
3 9.7 | 1189 88.0 78.00
Avenge..| 97 ..........0 .........| 80.08
L. 9.4. 119.2 88.4 3.5
2 94| 1982 I 80.8 8.3
3. 0. 8.1 9.7
A X 7.8
i 88.17
2 875
3 85.2
Arenge 7.0
F
...
Avenge T
L. 80.3
2 75.7
S....... 76.3
Avenge, 7.4

g

Clean cast-iron plate.

“w

. Xy

“ .-

!Plnlo pickled 9 days in 15 solution nitric acid.

. “ “ “

Plate picRled 1% days in 13 solution nitric acid.

Plate pickled #) days in 1% =olution nl!ric acid.

. “ “ " . " .“

“ . “ “ “ “

Plate pickled 9 days in 5z eolution nitric acid.

Plate pickled 18 daysin 5% rolution nitric acid.
These result« were unfortunately lost, but did
not differ mnch from 80.0 thermal units.

)
Plate pickled in 5% solntion nitric acid 40 days.
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DISCUSSION.

Prof. Jas. E. Denton.—There is a remark in the paper which
indicates that it is believed that these tests, showing differences
in conduction, apply to the phenomenon of cylinder condens:-
tion in steam-engines. It strikes me as peculiar that they can
be conducted as they are, in that case. What is reported is a
test for the conduction of heat through a plate like a surface
condenser. Now we know that in steam-engines, if itis true that
the walls of the cylinder at the cut-off are responsible for the
cylinder condensation, it follows that the rate of transmission
of heat to and from a square foot of surface, which the heat is
supposed to enter but not to traverse, is many times the greatest
possible amount we can send through metal in .surface con-
densers. I do not see, therefore, how any measure of the effect
of the acid regarding cylinder condensation can be made by
measuring the steady flow of heat clear through the metal.
Again, would not the removal of the skin of the coating by
boring destroy any influence due to pickling?

Referring to previous attempts to reduce cylinder condensa-
tion, I am reminded of that engineer who noticed that bismuth was
a metal which had low specific heat, low conducting power, etc.,
and bad, in fact, all the physical properties which would recom-
mend it for putting on a cylinder head and piston head, and there-
by reducing the cylinder condensation. Hbe fitted up an engine to
try it; putting the metal on the piston and cylinder heads. Bis-
muth has a melting point of about 400, but it turned out that it
had a plastic point of about 220°; consequently it came out with
the exhaust after a few strokes. Then he dove-tailed it in, but
still it melted out. I believe the Westinghouse firm went to
some pains once to put porcelain on the cylinder head and
piston, but no definite results were gotten from it. The difficulty
is to keep the steam from getting under the plate. If it gets
under the plate you have twice as many surfaces as before.
This varnish will have to get into the pores pretty closely to
prevent the steam getting there also.

Mr. Wm. Kent.—Prof. Carpenter’s results may “indicate,” as he
says, that a beneficial effect might be expected by treating the
castings of steam-engine cylinders in a dilute nitric-acid bath,
but the experiments do not go far enough to make the indication
a very strong one, and it is to be desired that the tests should’
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be carried further under conditions which more nearly approxi-
mate those existing in steam-engine cylinders. I beg to offer
the following remarks upon his method of test:

1. The untreated cast-iron plate with the skin on does not
represent the condition of the inside of a cylinder, which first
has the skin taken off, then is bored as smooth as possible, and
<nally is polished by the action of the piston under the condi-
tions of high temperature and lubrication with oil and hot
water.

2. If a cylinder, after being bored smooth, were treated with a
pickling solution for forty days, and the carbon coating formed,
it is not certain that the changed condition of the surface, or

that portion or layer of the surface which has any important
effect in varying the heat transmission, is any more than “skin
deep,” and that such layer will not be worn off, or at least
changed again by the action of the piston to the condition of
the surface of a cylinder not so treated.

3. The particular losses of heat in a steam-engine, to lessen
which is apparently the object of the treatment, is not the heat
lost by transmission through the walls of the cylinder (which
may be lessened by felting the outside), but the loss by cylinder
condensation, due to surface action inside ; that is, to the heat
given to the surface, or, probably, to a thin layer of the metal,
during admission and abstracted therefrom during exhaust, the
temperature varying with every reciprocation of the piston.
These conditions are not represented by a cast-iron plate exposed
on one side to steam of a constant temperature, and on the other
to water of gradually increasing temperature.

[doubt if the conditions existing in the steam-engine can be
imitated properly by an extemporized apparatus. Two actual
steam-ngine cylinders should be used, one treated and one
untreated, and the test should be made under the conditions of
actual practice, after both cylinders had been run for a consider-
able time 80 as to become polished as in actual service.

Prof Carpenter's tests, however, are of great value in inform-
ing us that the rate of transmission of heat through a metal
Plste may be greatly changed by a simple treatment of its sur-
face, and they may lead to important practical results in other
f]il‘ections than in treating steam-sngine cylinders. Suppose, for
Instance, that boiler-plates and steam-pipes can be treated so as
to diminish their heat conductivity, we might be able to save
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some of the felting needed for the outside of vertical tubular
and locomotive boiler shells and for steam-pipes. Suppose, by
some other treatment, we can increase the conductivity of plates
and tubes, we can make a square foot of heating surface of a
boiler, a feed-water heater, a surface condenser, or a steam-
radiator more efficient than it is at present, and so reduce the
area required to produce a given effect, and, hence, the cost of
these appliances. The subject offers a most promising field for
experimental research, and it is to be hoped that Prof. Carpen-
ter and others will continue experiments upon it until more
definite results are reached than we have at present.

Mr. W. M. McFarland.—It is, of course, understood that the
nitric-acid treatment of cast-iron plates is part of Prof. Thur-
ston’s patent for preventing cylinder condensation, the remain-
der being the use of a gum or resin of some sort for filling the
interstices left by the dissolution of the iron from among the
carbon particles.

Owing to my position as one of the assistants to the Engineer-
in-Chief of the Navy, I recently conducted a correspondence for
him with Dr. Thurston in consequence of his request that the
Bureau of Steam Engineering should make a test of his patent
on an engine of sufficient size to make it more than a laboratory
experiment.

Commodore Melville, who is always ready to encourage any
device which promises economy or an increase of efficiency,
looked into the matter very carefully with a desire to make the
test on as large a scale as practicable. Unfortunately, nearly all
our engines are building by contract, and it could hardly be
expected that the contractors, who are working under the risk of
heavy penalties both for time and for results, should be willing to
undertake a thing which is still in the experimental stage. For
similar reasons, it was impracticable to make the experiment with
the engines which we are building ourselves at the New York Navy
Yard, because we are, to a certain extent, competing with the
contract work as to time and cost, and are handicapped by get-
ting only eight hours’ work while they get ten for the same wages.

However, we are building a small triple-expansion engine for
a ferry-boat at the Portsmouth Navy Yard, with a low-pressure .
cylinder 16 inches diameter by 10 inches stroke, and Commodore
Melville wrote to Dr. Thurston that he was willing to try the
experiment on that engine under certain conditions. These were-
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that Dr. Thurston should indicate how long the plates should be
pickled, how deep the non-conducting layer should be, what gum
or resin to use—in fact, give all necessary instructions for carry-
ing out his patent ; and then indicate what series of experiments
he would want so far as steam-pressures and ranges of expansion
were concerned. With these data, an effort would be made to
carry out the experiment. I am free to.say that I was very much
interested in the whole scheme and anxious to see it carried ,
out.

In his reply, Dr. Thurston unfortunately outlined such an elab-
orate series of experiments that it would practically have made
it necessary to lay up the boat and devote the engine to these
experiments. Our idea had been that the experiments would be
something like this: After having the engine treated according
tothis process, we intended, as opportunity offered, to make tests
lssting 10 or 12 hours each with various steam-pressures and
grades of expansion, determining carefully the steam used per
horse-power and the coal per horse-power, as well as the dryness
of the steam. By comparison of these records with those of
other engines of about the same size and working under nearly
the same conditions, except that they had not been treated by
the Thurston process, we would be able to find whether there
vas any marked gain. If it should turn out that there was a
saving of, say, 25%, we would be justified in going ahead with elab-
orale experiments to determine the best way to apply the pro-
%sa. If, on the contrary, there was a gain of only 2 or 3% or a
loeg, then there would be nothing further to bother about.

Dr. Thurston’s desire for an elaborste series of tests (though
be has since expressed himself as satisfied with the ones we pro-
Posed) makes it uncertain whether the experiment will be carried
ot T hope it will be.

I'should be glad to hear an expression of opinion from other
members of the Society as to the sufficiency of the series of tests
Ihave outlined—not for determining the best way to apply the
Process, but whether its merits are such as to make it at all
desirable.

#r. R. C. Carpenter.*—Taking the points brought out during
the discusgion in their order, as presented, it is easy to relieve
th? speakers of any misapprehensions and to supply all needed
Points additional to those already given.

* Author'a Closure, under the Rules.
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The first speaker in order does not understand how these facts
bear on the subject of “cylinder condensation.” That is a very
simple matter, and I will explain. It is true, as he states, that
this condensation occurs on the interior surface of the cylinder ;
that it may take place in immense quantity; and that its rate
may greatly exceed that of condensation in the surface con-
denser, in which apparatus the heat must be carried through
. the walls of the condensing surfaces, instead, as in the engine,
being simply stored in a superficial film of metal for the
moment, and restored to the steam later. It is further true
that the finishing of the cylinder, by boring or otherwise, would
remove any such surface as might be produced by the process
here under discussion. It is also true that, if “ this varnish ”
does not “get into the pores pretty closely ” it will probably
have comparatively small effect.

As to the first point : Whatever process of treatment reduces
the conductivity and the heat-storing power of the condensing
surfaces of the engine-cylinder, must reduce correspondingly its
wastes by cylinder condensation. The process described does
precisely this thing. It reduces the heat-conducting power, as
seen in these particular cases, some 40%. This is proved by the
experiments described ; for it is well known, and is so stated by
all authorities, that the resistance to flow is measured, in such
cases, mainly by the resistance of the surface, and not by the
interior resistance of the metal. Rankine, for example, shows
this. Any reduced flow, in this case, must therefore be due to
reduced conductivity of the surface treated ; since it is on that
treated surface, in the engine, that absorption of heat would
occur. It is fairly concluded that such application in the engine
would proportiorally reduce its wastes by cylinder condensation.
Further, the heat-storing power is in part measured by the
specific heat per unit of volume of metal absorbing heat from
the steam. This is reduced by the solution of the metal, leaving
the residue, which is principally oxide and graphite, as an appar-
ently non-metallic mass, and thus the heat-storing capacity of the
surface acting to produce waste is still further diminished. Both
Chamberlain’s experiments and those here described are amply
sufficient to show that this presumption of proportional saving
and increase in efficiency of steam may be anticipated,

As to the second point: Regarding its resistance to wear, all
the objections raised apply to a method of treatment first pro- -
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posed in this discussion. It is not practicable, nor do I under-
stand that it is proposed, that this process should be applied in
the treatment of rubbing surfaces. When the engineer is seek-
ing to get his cylinders as hard as the tools will work them, he
is not likely thus to proceed to convert their working surfaces
into a comparatively soft, spongy mass. It is, however, well
known that this waste occurs principally upon the parts which are
not subject to abrasion ; and, again, those parts which are under
wear are 80 polished by that action, in well-cared-for engines, as
to reduce largely the power of transmission of heat across their
surfaces, thus making it less important that they should be
treated in this way. It is only proposed thus to treat the heads,
the sides of the piston, and the interior of the port-passages;
which parts, in economically operated engines, certainly are
most active in producing initial condensation. If we take Cham-
berlain’s experiments as proving the possibility of reducing
heatstorage through the action of the “varnish” permeating
the pores of the metal by the amount of 307 or 407, and the
experiments of this paper as showing that an equal reduction
may be effected by superficial solution alone, we may certainly
take it as fairly to be anticipated that the gain in efficiency of
working steam, in regular operation, in an engine which has thus
been treated, is worthy of careful investigation. Such investiga-
tions are to be made by various interested persons, and we may
expect, undoubtedly, to get their results in due time.

The remarks of the second speaker are based upon the mis-
apprehension just adverted to: the supposition that it is neces-
saryto treat the rubbing surfaces, the finished parts of the engine-
cylinder. That error being removed, they call for no special
reply. The nature and method of cylinder condensation is now
% perfectly familiar to every engineer that it was not supposed
that it would be assumed that the writer of the paper could
stray so far from familiar fact as seems to have been taken for
granted in this case, or a paragraph would have been devoted to
that now trite subject, with a more complete description of the pro-
posed application. The lines of research suggested had already
!’Oellnoted. In good time, it is hoped to be able to give some
Interesting facts that will fully satisfy every demand. Meantime,
those here given are perhaps not wholly without interest.

It should be added that the Chamberlain experiments were
made upon the head of an “ experimental engine ” in the Sibley
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CCCCXXIV.*

HYDRAULIC TRAVELLING CRANES.

BY ERWIN GRAVES, CAMDEN, N. J.
(Member of the Society.)

In the manufacturing and engineering operations of the day,
the requirements for lifting and lowering, handling and trans-
portation, of the innumerable heavy articles to be moved, have
called into use a variety of appliances which may be classed as
Cranes; of these, the type known as Travelling Cranes, through
their general adaptability, has grown in favor to such an extent
that in some fields of the best present practice they are used
almost entirely.

The ordinary travelling crane consists of an overhead beam or
bridge, the ends being supported by carriages which traverse
upon parallel tracks, usually secured at an elevated position to
the side walls of the building, or placed upon a special trestle
prepared for them. This bridge is provided with a track, upon
which " traverses a trolley, from which the load is suspended.
The requirements necessary for a crane of this kind are: 1st,
Means for hoisting and lowering from a point attached to the
trolley ; 2d, means for moving the trolley, with its suspended
load, across the bridge in both directions ; 2d, means for
moving the bridge and load along its tracks in .both direc-
tions. It will thus be seen that a complete travelling crane
requires three independent motions, and means for the re-
versal of each of these, with a further provision for holding
the load suspended at any point. The methods of accomplish-
ing these results might be classed as follows: 1st, Hand-power,
when all the operations are performed by manual labor, applied
through endless-chain wheels, by an operator upon the ground-
level ; or, the operator may be upon the bridge and apply the
power through hand-gearing. 2d, By locating an engine and
boiler upon the.bridge or trolley and using steam-power for
performing the various operations. 3d, By conducting power
to the bridge by means of a rapidly running rope belt, or a
square shaft, located along one of the walls or trestles; the

* Presented at the Richmond meeting of the American Society of Mechanical
Engineers (1890), and forming part of Volume XII. of the Transactions.
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power being taken off such belt or shaft by the proper appli-
ances attached to one end of the bridge. With power so con-
ducted, it is utilized through trains of gearing to perform the
work, the operator for controlling the motions being stationed
on the bridge. 4th, The mechanism of the crane may be driven
by electric motors, located thereon; the proper current being
communicated from conductors along one of the walls.

Aswill be readily understood, hand power cranes are slow and
tedious in their operations, particulary if the machines have
capacity for heavy work. It is also obvious that those carrying
an engine and boiler are not well adapted for use inside of
buildings, and are therefore confined almost exclusively to work
out-of-doors.

Having thus briefty referred to the various forms of travelling
cranes, the writer will describe a crane of this type, devised by
him, in which the actuating power for each of the various
‘motions is obtained independently and from hydraulic pressure.
He believes this application and arrangement to be new, and
to possess merit. As this paper is intended to be more of an
explanation of methods and results than a description of mechani-
cal details, only such details will be introduced as are necessary
toa proper understanding of the subject in hand.

Fig. 42 shows a bridge with ends mounted upon carriages,
fashioned to move along tracks on wall. On one end of bridge
are secured two horizontal grooved wheels, C and G, and at op-
posite end, one horizontal wheel. The trolley 7', which is free
b move along the bridge, has, as shown, four vertically hung
grooved wheels. At some point, as in one corner of building, is
Placed a cylinder and plunger with sheaves, and rove with a
wire rope as shown. This wire rope leads over the wheel B,
thence horizontally along the wall and around the wheel ¢,
thence around one of the wheels in the trolley, and down, and
under the wheel in the fall-block, and up, and over the wheel in
the trolley, and to the wheel E. After passing around this wheel,
it is returned in same manner around the trolley and fall-block
wheels to the wheel G, from which point it leads to, and is
Secured at, H. It is clear that, with an object suspended from
the fall block, the trolley is free to be moved along the bridge ;
also, that the bridge is free to be moved along its track, and that
8uch suspended load can be brought over any point within the
Tctangular space covered by these motions. No explanation is
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116. 42.

required to see that the pushing out of the ram results in lifting
the fall block, and that with the rope passed twice about the
cylinder and ram sheaves, one foot of motion in the ram pro-
duces an equal amount in the fall block.
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power being taken off such belt or shaft by the proper appli-
ances attached to one end of the bridge. With power so con-
ducted, it is utilized through trains of gearing to perform the
work, the operator for controlling the motions being stationed
on the bridge. 4th, The mechanism of the crane may be driven
by electric motors, located thereon; the proper current being
communicated from conductors along one of the walls.

Aswill be readily understood, hand power cranes are slow and
tedious in their operations, particulary if the machines have
capacity for heavy work. It is also obvious that those carrying
an engine and boiler are not well adapted for use inside of
buildings, and are therefore confined almost exclusively to work
out-of-doors.

Having thus briefty referred to the various forms of travelling
cranes, the writer will describe a crane of this type, devised by
him, in which the actuating power for each of the various
‘motions is obtained independently and from hydraulic pressure.
He believes this application and arrangement to be new, and
to possess merit. As this paper is intended to be more of an
explanation of methods and results than a description of mechani-
cal details, only such details will be introduced as are necessary
to a proper understanding of the subject in hand.

Fig. 42 shows a bridge with ends mounted upon carriages,
fashioned to move along tracks on wall. On one end of bridge
are secured two horizontal grooved wheels, C and G, and at op-
posite end, one horizontal wheel. The trolley 7, which is free
to move along the bridge, has, as shown, four vertically hung
grooved wheels. At some point, as in one corner of building, is
placed a cylinder and plunger with sheaves, and rove with a
wire rope as shown. This wire rope leads over the wheel B,
thence horizontally along the wall and around the wheel C,
thence around one of the wheels in the trolley, and down, and
under the wheel in the fall-block, and up, and over the wheel in
the trolley, and to the wheel E. After passing around this wheel,
itis returned in same manner around the trolley and fall-block
wheels to the wheel G, from which point it leads to, and is
secured at, H. It is clear that, with an object suspended from
the fall block, the trolley is free to be moved along the bridge ;
also, that the bridge is free to be moved along its track, and that
such suspended load can be brought over any point within the
rectangular space covered by these motions. No explanation is
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direction is produced. A form of valve for producing these
results in the proper way, by a simple lever motion, will be
described farther on. As in hoisting and lowering, it is clear
that the valve controls all speeds, from the fastest to the
slowest. .

The means of moving the trolley upon the bridge is illustrated
by Fig. 44. Here are shown, as located horizontally in one end
of the building and at the level of the crane, two cylinders and
rams with sheaves, and having ropes rove about them. The cut
shows how these ropes pass along the wall, out over'the bridge to
the trolley, back to and along the wall to the opposite end of the
building, where the ends are secured. When pressure is admit-
ted to both cylinders, the resulting pull through the ropes is in

opposite directions at the trolley, hold-
ing it in one position upon the bridge,
but the bridge remains free to be
moved along its tracks. By the same
process of cutting off, exhausting, and
reversing the water supply, as de-
scribed for the . bridge-moving rams,
the requisite motions in both directions
are obtained, and with the same range

of speeds.
Fig. 45 shows a well-known form of
hydraulic valve, modified so as to oper-
Fie. 45. ate the bridge-moving and trolley rams
) in the way described, and, by omitting
one of the ports, the hoisting and lowering also. As shown in
the cut, the piston is in the middle of its stroke, and it will be
observed that both ports admitting pressure to the rams are
slightly open ; this results in the rams pulling against each
other, as described. A slight motion of the piston in one
direction closes one of these ports, and opens wider the way
for the pressure supply through the other; further motion to
this valve piston begins to open the way for the cut-off cylin-
der to exhaust. The result of this is motion to the bridge or
trolley, and the speed of such motion is controlled by regulat-
ing the rate of the exhaust. Should there occur a too sudden
shutting off, while the bridge was in quick motion, the effect
of the momentum would be to put an increased pressure upon
the holding-back cylinder. An examination of the detail of the
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valve will show that if from any cause the pressure in a shut-off

cylinder should rise above the working pressure in the valve
chamber, it would find relief through acting against the external
surface of the cup leather packing ; such relief will be back into
the pressure pipe, and the result on the motion to the bridge
will be like the application of a brake. If with the crane at a
standstill the valve is thrown suddenly open, there will be no
sudden stress put upon any part ; the bridge will move with an
accelerating speed, as the actuating force can overcome its iner-
tia, just as a' locomotive puts in motion a train of closely coupled
cars.

It is an easy matter to combine in one machine the separate
methods of producing the requisite motions as hefore described,
such combination working together in a very simple manner.
The details of dding this can be modified to suit governing cir-
cumstances.

Fig. 46 shows a design which may be used up to 25 tons ca-
pacity or more. In this the bridge is simply a box girder, in
which vertical strength and lateral stiffness are obtained in the
most direct manner, and the end carriages, rope-wheel brackets,
trolley, and fall block are of the simplest construction.

For light capacity cranes, the bridge can be two I-beams, con-
nected only at the ends, and with the trolley working on the top
flanges ; the fall block being suspended between the beams by
two parts of rope omnly. Otherwise the general arrangements
would remain the same, except that the hoisting rope, in leading
back across the bridge to its primary end, would not engage with
the fall block. In such a case, with the same combination of
Topes a the hoisting ram, a given stroke would produce double
the hoist at the fall-block hook.

There is another modification which can be introduced, in
which the trolley-moving rams are omitted, and the cross motion '
obtained, when with light loads, by direct pushing on the part
of the workman ; or, when with heavier loads, by the application
of brakes to the wire rope wheels on' the trolley. Referring to
Fig.49,it will readily be seen that if the rope wheel D be locked,
hoisting or lowering will produce a motion to the trolley of four
feet for each one foot of vertical motion to the hook block ; also
that moving the bridge with this wheel locked will cause the
hook to traverse diagonally across space covered. With brakes
on wheels on the opposite sides of the trolley, and under
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control of the workman, very satisfactory work can be accom-
plished.
In these hydraulic travelling cranes the most desirable loca-
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tions for the operating rams are: hoisting cylinder with ram
working upwards, and plaeed in one corner of room; adjoining
this, one of the bridge moving cylinders, with ram working ver-
tically downwards, while in the corresponding position at the
opposite end of building should be the other bridge moving ram.
The trolley-moving eylinders and rams may be placed horizon-
tally on the end or side walls. These locations permit of the
ropes being led in the most direct manner to the bridge, with-
out intervening sheaves. Should circumstances demand, any of
these cylinders can be placed elsewhere, or they may all be
located at one point. It is desirable, however, that the bridge
and trolley rams should either act downwards or horizontally,

8o that during nights and at other times, when the pressure may
be off, they will remain in position in the cylinder—not drop-
ping down and deranging the ropes.

When, as is usually the case, there has to be performed a
variety of lifting, both light and heavy, it is desirable, both for
economy of power and increased speed,
that rams of smaller diameter be employed
for the lighter work, holding in reserve
the larger one for the heavy work. Fig.
47 shows an effective and cheap method
for accomplishing such results, and, at the
same time, giving the operator means to
make the change at & moment’s notice,
vithout leaving his station. The method
is simply to use telescopic plungers, allow-
ing two or more powers to be provided,
lHWhlch the larger ones, with the greater

power, are clamped down when not
required. The cut will show how this is
%complished, without explanation.

The movements of the crane may be
tontrolled by an operator stationed in a
“pulpit,” conveniently located to provide a clear view over the
Space which crane covers; this method permits also two or
Wore cranes to be opera.ted by one man. In such cases the
valves would be placed where the operator is stationed. and
Pipes laid to the different cylinders. Valves, such as before

ibed, can be combined together, so that one supply and one
pipe answers for all. The three operating levers con-
14

Fre, 47.
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control of the workman, very satisfactory work can be accom-

plished.
In these hydraulic travelling cranes the most desirable loca-
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trol all the motions and speeds of the crane, and act with ¢
Where the area covered by the crane is too extended for{
veniently operating from one point, there may be other

or there can be an elevated gallery, leading along one side
building, wide enough to afford passage for one person,
valves operated by means of wire ropes stretched along it
should it be desired, there can be an operator’s platfornd
tached to the bridge, and the movements controlled from {
as in the case of passenger elevators. -

For the purpose of showing that the application of hydry
power to travelling cranes is not limited to those of lighi
pacity, Fig. 48 is introduced. This shows a design by the wr
for two cranes, to be placed on the same track, each of 485"
capacity, 43 feet hoist, 50 feet span, and 300 feet of travel
these the same simplicity and directness is obtained as in
of smaller capacity, and they are now in process of construof
practically as shown.

Somewhat more than three years ago the writer designed
a foundry then being built, two cranes of 15,000 lbs. capa
each. He believes these to have been the first application of
principles herein described, that of employing hydraulic pc
from a fixed location, and with separate motors, for act
ing the different motions of a travelling crane. These
cranes were conptruct.ed, and have been in constant use
two and a half years. Their performance, under the reqs
ments of daily work, has been satisfactory in the highest
gree; during this time there have been no repairs requ
whatever, except one or two renewals of the flax packing in
stuffing-boxes of the rams. The care and operation of these
for the whole time, been in charge of ordinary foundry he
one man operating both cranes. There has never been a-
injured, or a mishap of any kind resulting from their use.
person seeing the easy, noiseless, and rapid manner in w
these cranes perform their work, and the simplicity of €
parts, cannot but be favorably impressed.

The number of wheels about which the hoisting-rope ps
may suggest the thought that there is here a large loss of p¢
from friction ; actual results do not show this to be the ¢
The loss of power from bending wire rope about wheel
such diameter is extramely small. The principal loss oc
from the axle friction. In these, the bearing strains from
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pull of the rope are all which have to be provided for, and,
as there are no sudden shocks, these axles can be of small
diameters, or they may be on roller bearings; in any event,
the large diameter of wheels reduces this friction to a small
amount.
With a crane in operation, the total friction can be readily
determined by simply attaching a gauge to the cylinder and
noting the difference of pressure, when a load of known weight
israised and lowered. One-half of this difference of pressure
multiplied by the area of the plunger in inches, and further-
multiplied by the ratio of plunger speed to hoisting speed,
gives at onca the resultin pounds. This result includes the frie-
tion of the ram in the stuffing-box, as well as all the other
thoving parts. Tests made in this manner, upon the two cranes
before referred to, taking them without any special prepara-
tion, just as found after a day’s work, and with varying loads up
to their full capacity, indicated very uniform results in the per-
centage of friction. In one crane, the average was 9¢ and in the
other less than 12 % of the loads lifted, including dead load.
As chains are so largely used for carrying the suspended loads
in cranes, it may appear to some that substituting wire rope
for this purpose is attended with risk. The writer does not
think this to be the case, and is further of the opinion there are
ceriain advantages in its use. Wire ropes possess their calcu-
lated strangth to a degree unattainable in chains, the reason
being that in one there is a series of links, each of which must
have strength to resist rupture from the entire strain, while the
Other is made up of a combination of separate pieces, running
thronghout its length, of iron or steel in its most reliable form.
In the.question of costs and weights there-is a difference in
favor of the rope; as, for example, 100 feet of chain which has
an estimated ultimate strength of 28,000 lbs., would weigh over
500 lbs. and cost $37.00, while its equal in pliable wire rope
would weigh but 60 lbs. and cost less than $11.00. Those who
have observed chains in service know in what a sudden and
unlooked-for manner they frequently give way, either through
defective workmanship in the manipulating and welding, or in-
ferior material, or through what is still an open question, the
flbteriorstion of iron fibre from use—all sources of weakness
lovisible to outward inspection. In ropes, outward evidence of
Spproaching failure appears gradually, by showing broken wires
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on the outside of strands at points where wear occurs. In mak-
ing a comparison of the lasting qualities of the two, it should be
borne in mind that the wearing away to the danger-point in
crane chain by use takes place on the inside ends of the links,
when the surfaces are in contact with one another. The wear
on the outside surface from contact with sheaves and drum will
be found comparatively trifling, even where the use has been
such that the ends of links are reduced to one-half of their orig-
inal area. With wire rope there is only the outside surface to
wear ; with the groove in wheels turned properly, and with
wheels so set that the lead is straight into them, this will be
extremely small. There are cases where the large diameter of
the sheaves required would be detrimental, but in designing the
machine this drawback can be largely avoided. Where the
exigencies of the case demand, steel-wire ropes can be used on
wheels with diameters as small as 25 times that of the rope for
smaller sizes, and 35 diameters for the larger sizes. Such diam-
eters, while much less than the rope manufacturers advise, will
be found to give very satisfactory results, though it is good
practice to use larger wheels where such can be employed. To
give an idea of what may be expected in the way of lasting qual-
ities, the writer would state that in the 15,000-1b. cranes referred
to, after over two and one-half years of constant service, the
ropes are so little worn that they would appear to be good for
an equal further use.

Where the strain is greater than can be carried by one rope of
moderate size, or the necessary diameter of wheels inconveniently
large, two smaller ropes can be used, the wheels being properly
grooved and both ropes passed about them, as though but one
was employed, the fixed ends being secured to an equalizing
bar, so that they will be strained alike.

The speeds at which cranes can be operated depends largely
on the ability to transmit the necessary power to them, and in
means for applying power in ways which will not result in sud-
den shocks. This is a feature in which the hydraulic crane
excels. Take, for example, an accumulator with a plunger 13}
inches in diameter, and loaded to give 1,000 lbs. pressure ; when
up, with a stroke of 14 feet, there is stored 2,003,960 foot pounds
of energy, the equivalent of 60;; H. P. acting for one minute.
Transmitting power by hydraulic pressure is accomplished with
very small loss ; the volume of water in this case would be about
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104 gallons, an amount which will readily pass through a 2-inch
valve and pipe, into a cylinder, in one minute. Allowing a more
liberal estimate for frictional loss than indicated by the tests here
noted, and assuming that 75% of the energy would be available
for lifting at the hook, there would be 1,502,870 foot pounds,
which could be exerted in one minute, or 45§ H. P. for the same
time, and would result in lifting a load of 30 tons 25 feet. For
bridge and trolley motions the necessary power for any desirable
speed can be readily communicated. Such result in lifting is
probably 4 or 5 times greater than builders of the ordinary form
would care to guarantee. To some it may appear that there is
no oceasion for such a rapid application of energy ; leaving it an
open question whether there is or not, it is here only pointed out
that such results can be obtained, and moreover without any -
undue strain upon the machinery. Heavy demands for power
can only be of short duration, and as the accumulator holds in
store energy for such draughts, it follows that the motive power
can be of very much less capacity.

There are difficulties inseparably connected with the methods
of sccomplishing results in the usual form of power-driven
travelling cranes to which it may not be out of place to briefly
refer. The means of communicating power to a point upon the
bridge, whether accomplished by a square shaft or a rope belt,
hag objectionable features, which in practice give more or less
trouble; but this part will be passed by, and the mechanism
tpon the bridge itself considered. Here the driving power is
In continuous and wuniform motion—to produce the various
Dotions requires trains of gearing, reversing appliances, friction
cltches, safoty devices, etc, the whole forming an intricate
combination of machinery which must be under the most per-
fect control.  As before pointed out, the variety of work for a
crane to do, makes it desirable that there should be different
Takes of motion. To meet this, manufacturers usually provide
w0 or more speeds ; but to accomplish such result with a uniform

ving motion necessitates introducing further mechanism for
each change.

_When motion is to be produced—as, for example, moving the
bf_'dge—it is usual to connect with the power by means of a

ction clutch, or some device which will permit of a certain
mount of slipping, such slipping being necessary to permit the

to acquire its motion gradually. Herein is a source of
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trouble ; clutches do not always act as they are designed to do,
nor are they applied with uniformity. A powerful -clutch,
suddenly applied, may produce strain many times greater than
that calculated. The writer knows of a case where, with a crane
of moderate capacity, and without a load, a 3-inch square driv-
ing shaft was wrenched off through the too vigorous application
of the bridge-moving lever. Undue strains from this same
cause are in a less degree produced, and constantly tending to
destructive results, in the trolleying and lifting trains of gearing.
It will readily be understood how these increase with the speed.
The intervals of time in which a crane is not in actual motion
forms a large proportion of the whole. During this, the driving
mechanism has to be in continuous motion, consuming power
while no work is being done. From the indirect means which it
is necessary to employ to accomplish actual work, the frictional
loss is very great, and the motive power must be capable of ful-
filling all demands, as there is no ready means of storing power,
as with an accumulator. The driving parts, which are in con-
tinuous motion with their gearing, are noisy and wear rapidly,
particularly when, as is not infrequently the case, the crane has
to perform its work in clouds of dust. The care and operation
of such a machine require the services of a skilled mechanie.
With the application of hydraulic power to travelling cranes,
the writer believes that there will be found the following advan-
tages : General adaptability, moderate cost, and simplicity of
construction, freedom from repair, ease, safety, rapidity and
noiselessness in action, and economy of operating power.

DISCUSSION.

Prof. John E. Sweet.—In the hope that the discussion on tke
above paper may be broadened to a consideration of travelling
cranes in general, I am led to describe some novel featares which
we have introduced in a 5-ton hand travelling crane of 30 feet
span. To speak of a hand travelling crane may be rather
behind the times, but the features described are applicable
to power cranes.

The available space between the bottom of the roof trusses and
the top of the rails was 5 feet 6 inches, and in this space we have
a lattice girder bridge with trusses 5 feet deep, and a trolley with
wheels 4 feet in diameter. This is done by putting the trolley inside
the bridge, as has been done in the two 45-ton cranes described
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in the paper, but we avail ourselves of that well-known advantage
possessed by a lattice girder over a plate one, of a great reduction
in weight. The weight of the girder and trolley does not exceed
2 tons. The lower chord of the trusses, which are of special sec-
tion (Carnegie 345), formns the rail for the trolley. The trolley is
in general design like a bicycle, with the large wheels 4 feet and
small ones 10 or 12 inches, nine-tenths of the load being on
the main axle. The bridge is also carried on wheels 4 feet in
diameter, with the flanges on the outside and the faces of the two
coupled wheels turned conical, as is done on car wheels. The
wheels are coupled by a gas-pipe across shaft and two small
pinious working in internal gears. There is no squaring device
whatever, and we have found no use for one.

A travelling crane is such an improvement on nothing that it
would be a poor one, indecd, which did not give satisfaction,
What pleases us especially in our own is its free action obtained
by the large wheels and no useless mechanism. The lifting
device is a simple one-ton triple-geared hoist made by the Yale
& Towne Co., with the hoist chain strung over multiplying
sheaves. This arrangement is simple ; it gives very neurly, if not
quite, as great efficiency as any mechanical rig; its ingenuity will
never be overestimated and it is quite satisfactory. With the
largest weight we have to handle (about 3 tons), one man can
handle it with one hand, and move it easily at the rate of 100
feet a minute in cither direction. I believe for our use no power
crane could equal it in economy. h

Mr. Louis G. Enyel.—I want to ask a question about the valve
shown on Fig. 45. I have always understood that with as high
pressure as 1,000 lbs., and with this construction of cup leathers
inside of a bushing pierced with orifices, it was impossible to
prevent the cup leathers from being drawn into the openings.
Has there been any trouble in that way ?

Mr. Henry L. Gantt.—The Midvale Steel Works has placed an
order with R. D. Wood & Co. for a 40-ton hydraulic travelling
crane, and they have insisted on having two valves, a stop and a
throttle valve. With this combination, a much more delicate
movement of the crane can be obtained. The cranes which they
lave in use in Camden seem to work very satisfactorily. They
start up very slowly and run very rapidly. Ihave neverseen any
crane, whatever, handle a flask in a foundry with more ease and
more carefully than those cranes do.
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" Mr. Douglas G. Moore.—1 think I can help to answer a quee-
tion. We have built at times, and do build now, a great many
hydraulic presses up to 20 inches in diameter, in which we use
a cup-leather packing made of sole leather, and turned in the
ordinary old-fashioned way; and to prevent it in some cases from
knocking the heads out, after a good many different arrange-
ments, we conceived the idea of a safety valve by boring a hole at
a certain height in the cylinder so that when the leather packing
passes that hole the liquid would squirt out and the piston would
stop. Now we can bore a hole to % of an inch in diameter,
and under 1,500 lbs. pressure to the square inch, the leather will
nevér go into that hole so that you can ever find a mark on it.
We have never had to bore a larger hole than #. If I had to
bore a quarter hole I would not be afraid to do it. The leather is
very firm and hard. It does not get at any time soft enough to force
itself into this £; hole. I have used pressures up to 3,000 pounds
pressure, not intentionally, but by carelessness of the man using
it. I have never known leather packing to be destroyed in any
instance from forcing into the hole.

Mr. Engel.—Do 1 understand the gentleman to say that the
pressure is relieved after the leather packing passes the hole ?

Mr. Moore.—The pressure is not fully relieved, but the hole is
large enough so that the pump cannot discharge enough liquid to
lift the ram and at the same time stop the leak. The hole is put
there for the purpose of relieving the pump, with a little pipe at-
tached, running it off where the waste water might go.

Mr. Engel.—Does the packing come back over the hole, under
pressure, on the return? I can see readily enough that the cup
leather will go past it one way, but will it come back again ?

Mr. Moore.—The leather will come back after the pump is
stopped. These cylinders were built vertically. The rams settle
after the pump is relieved or stopped. At that time there is no
pressure under the piston, excepting a light pressure to lift the
liquid over into the cylinder. '

Mr. Engel.—That is just the point T wanted to make. If there
is no préssure under the piston, the cup leather will come back,
because the cup leather is not expanded; but should there be
pressure under the cylinder with the cup leather expanded, would
the cup leather come back ?

Mr. Moore.—I should think it would, because we build them
double head ; that is, they are packed two ways sometimes, one
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leather turned up and the other turned down, and I have known a
back pressure to be on one side up to 500 lbs., and that leather
would never be forced into the hole.

The President.—Do you have a row of the holes so as to make
sufficient area to relieve the pressure, or is there only one? If so,
in what sized cylinder is a %-inch hole used ?

Mr. Moore—Webuild presses up to 20 inches diameter of cylin-
der, and an eighth of an inch hole will stop that piston at almost
any point after the packing passes the hole. The pnmp plungers
are small, perbaps § to 1} inches in diameter. What surprised
me was that it stopped the piston so quickly with such a small
hole. In the first one which we built, we turned the bent pipe
so that the stream struck the man working the press just about
the eye when it went off. Bat the fellow got tired of that and he
turmed the pipe down a bit. But it answered the purpose all
right. The piston seemed to stop as soon as the packing passed
the small hole. ‘

The President.—1I suppose if you wanted to relieve the press
more rapidly it would be easy to put in several holes instead of
one. Is the hole countersunk at all on the inside—to prevent
scratching of the leather ?

Mr. Moore.—Not at all. We bore a large hole almost through
the cylinder to within perhaps a quarter of an inch of the inside,
and then bore this very small hole the balance of the way. Three-
sirteenths is the very largest we ever put in. One-eighth is aboul
our practice.

Mr. Huston.—Is that leather subject to any particular treat-
ment {o keep it from softening with the water ?

¥r. Moore.—Not at all. We buy good oak-tanned leather. We
bave made o 30-inch packing, but we had so much difficulty in
getting the leather that we abandoned it. We build the same
presses particularly for oil refineries, and they use in the pumps
parafiine oil at about 150° fire test, with a cold test of 18" or 207,
aud the leathers will work in the oil 12 months before they iwill
gve ot if you get good leather to start with. The trouble is to
get leathers of even thickness. You have to get down into the
belly of the hide, where the leather becomes thin. There the

ber is softer, and does not seem to stand as well as the back.
think it lasts as long with oil as it does with water.

Yr. Engle—Tu this connection I wish to call attention to a
valve for the same purpose in my paper, Fig. 49. This valve, of
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English origin, is superior to any valve with orifices, because the
passages in the ends of the piston itself are tapering, and the cup
leathers are not obliged to pass holes into which their edges
might be pushed by the pressure.

My. L. R. Lemoine.—In the larger illustration, showing two
travelling cranes on the same run-way in a machine shop, is also
shown a gallery and series of groups of operating levers (of which
bare mention is made) arranged so that the cranes may be operated
for any of thelr motions at any of the stations on tiie gallery,
which is usually placed so as to run along the line of bridge travel,
and thus occupies about the same space as would a cage sus-
pended from a crane for its clearance. This combination of
gallery and operating levers, etc., affords ready control of the
valves, which are usually located on the shop floor near the
cylinders, whether by positive connection, such as ropes, rods,
etc., or by air or electricity, and