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REPORT ON DUTY AND CAPACITY TRIAL OF WORTH-
INGTON PUMPING ENGINE AT LOW LEVEL PUMPING
STATION, MONTREAL WATER WORKS.

By Prorsssor Jo T Nicotsos, Bae L aso ] Evik Vasiek, ¢ B,

T following ieport was recently presented by Messrs, Nicol-
son and Vanicr to the Water Commttee of the Oity of Mon
treal

Acting ander your instructions, we have conducied duty and capacity
tratls of the new ten nntlion gallun ligh duty Worttnngion Pampug Fmpine,
recenitly instatied at the Low Level Pamping Station, and have the honor
to report as follows

Actording to the contract, the cogine must be capable of pamping at the
mte of ten msllions of Laipenal gallons of water i 23 hours, against.a differ-
ence of pressie 1o suction aml foree mains of not exceeding 8o Ibs. per squatre
inch , and it must be able 10 perform a duty of one hundied and five anllion
foot pounds of watk for every hundied pounds of cosd burnt,

In liew of the latter stipulation, your experts ugreed to aceept a petfonm-
ance of oue htnetred aned five nullion foot pounds of wark for every thousand
pounds of feedd water supphed by the boiers, 1t being understood that the
steam tsend by the feed pump shoulid be counted against the manafacturers,

‘The engine 18 of the latest type of borirontal Worthington Hyth Daty
Pumpng Eagine, having cybinders artanged on the double tandem com.
potrid direct actng prmciple,  The geaeral features of construction ate
shown 1n the accompanying cuts.

The steam cylinders are all jacketed. both on sides and eands, with steun
of boiler pressure, and tehicaters are provided  through which the steam
passes on s way from the igh to the low cylinders, which are bkewise
steun jacketed,  The steam wineh is usedin the packets isthat denved from
the drain pipe of the separator, which belongs to the engine, and the steun
from this point passes 10 succession thtough the reheaters, which are at the
highest clevanon, and thence through the packets of the tour cylinders, tin.
ally being deliveted into a commion draim pipe, which proceeds o a tank n
wihnch the water of condensation iscollected,  The jacket tank s drnned
by a small duplex steam pup, worhing automatically, the throttle valve being
under the control of a tloat 1n the tank, and this water s pumped nto the
bolers.  I'he size of the pump s 3x2x 3 inches.  The pipe leading from
the pump 1o the boders i idependent of any ather feed pupe. The exhanst
steam discharged from ths pump s cureasd 10 the hot well m the basement
of the engie house, which serves for the supply of water 1o the boilers, being
tself supplied by the overtfon  water discharged from the ur pumps of the
engine.  Flhic bot well tank 1s one which has fonmerly served the same pur-
pose for the old engtnes in the pusiping statton, s diameter as 24 mches,
and its length 13 feet,

In addition to the jacket pump, there 1s a second steam pumip connected
with the engine, whitch, by means of a st of pstons, furnishes air to the top
of the accumulator cybinder, and, by means of a set of plungers. turnishes
water 10 the unider side of the accumuiator mm.  he size of the pump,
which 1s of the duplex type, 13 334 x 3x 4 inches.  The exhaust steam from
this pump, hke that from the facket pump, 15 carried tothe hot-well tunk
justrefersed to.  Tis1s an auxthiary prece of tpparatis, as the pressure on
the rm s usually kept up by a pipe supplied from the force mamn. The
air punps of the cundensiag apparatus are operated by direct connection
with the aLun engine, the only sccessuries about the engine itsell which con.
sume steam, ate the jackets and the two direct-acting steam pumps referred

l‘bc feed pump, for supplying the boilers with water, 1s onc which has al-
ready been in use for the old plant. It s located in the cellar, under the
engine room, near by the hot well tank.  Fheexhaust steam from ths pump
i carnied into the tank,  Its size 1s 6 x § x 6 1aches duplex.

1he cylinders are protected from rudiavon by a covenng of ashestos, out
stde of which 13 a layer of hair felung, and the whole 15 encased n black

walnut laging.  ‘The steam pipe, extending the whole distance from the

boilets to the engine, 1s covered with magnesia, and that part withun the en-
ginc-room 1s finished with black walnut laggng.

IIMENSIONS OF KENGINE.

Dhameter of each of two tigh-pressure cyhnders ... ... 25 inches.
Diameter of piston rods of same .o .. §% inches,

Net area of high-pressure cyhnders, . . .. . 409,11 sq. inches.
Diameter of cach of tv 0 low -pressure cyhmlrrs ..... so inches.
Diameter of piston rouds of ame § wches.

Net aren of tow-pressure cylindess 1953 68 sq.inches.
Maxunum stroke of steam pistons. . . 38 nches.

Diawmeter of cacl .. two plungers. . .... 27 % inches,
Diameter of plugger rods, ... ... .. 5% and 33 ins
Net aren of plungers. .. . . 583.74 sq. inches.
Avenuge length of stroke dunm, wal ... ee vee ee.. 3157 feet.
Diameter of 1wo double-acting are pumps.... . ...., t2wches,
Stroke of <ame. e . 3152 fect,
Diameter and stroke of !eed pump piston, .. 6.nches,
Diametcr of plunger of saiae. . . 4 imches.
Diameter and stroke of jachet pu-np. . . 3wches.
Diameter of plunger of same. . .. ... ... . 2.nches.
Vertical distance bLetween centres of suction and force

main gauges. ... . ........ [ ... 10,66 feet,

TRIALS

The engine was run for 5? 33 hours at wts full power without interanssion
1t worked smoothly and well, without undue heating of any part, or leakage
of any kind.  Thus run began at 1o.g40 a.nm. on Frday, July 2nth  Qnthat
day the temperature test was made, all the conditions of operation being
retained 1n the proper normal state for the purpose of obnering the teme
peratitres of the vanous supphies of feerd water to the bolers  On the 28th,
the duty and capacity tnal lasting 10 hours was made, the feed water bring
supphicd through suitatile tanks and weighed the juckets  reheaters and
separator dron beiog also caught and weighed. At 7.23 p an on Saturday
the tnal ended, and the engine was stopped at 6 pum, on Sunday. the 2gth,

Dunng the temperature test, the feed pump (made by Snow) exhaust was
1ed 1nto the hot well . the jacket pump was not worked, but the jacket tank
drained into atcasunag tanks, s temperature being obtaned before the
nressure fell | the temperature of the main feed was vinenod close to the
boilers.  Readings were made every fifteen ninutes « 7 the steain pressigre
and vacuum gauges of the gauge on the foree main, of e mercury column
on the suction man, of the numbier and length of the strokes of each engine |
1n onder that the engines nught be hept working in exactly the statesn which
thmy would petform their rated duty and capacity,

The Jduty and capacity traal began by a signal given when the height of
water in the three boilers and in the feerd tank had been simultaneonsty
noted , the reathngs of the two cuunters in the engine bang then read. At
the same ume the j-\ckﬂ tankh drain was divetted, bang caught and waghed
throughout the tnal.  The matn feed pump recened steam from the <ame

boilers as supplicd the mam eagine, and was reckoned as part of the
steam used by . Tt exhansted to waste.  The amount of steam nsed by
{eed pump was ascertained by cotnlenung its exhaust on a subsequent day,
1t welve indicators were used on the tral eight Croshy indicators on the four
steam eviinders, and tino abors, and two Fhompson’s on the two pump
chambers

Indscator cueds were taken every hour, of which average spevimens are
presented below  The readimgs made every fifteen nunutes included
Temperatures of enpie room, jackel dram, pressure of steam, vacuum and
water gatges, tiereury column, engine registers and botler ganges, and the
lengths of ten successive strokes of eich pump.  The deyness of the steam
was tested for one hour at o tune. by three independent tests,  Fhe instru.
ment used was 4 Peabody  Throtthng Calonmeter, which was attached to
the main stewm pipe just before the separmator.  The separator drzn was
estimated by means of the Calonmeter, the asstunption bemng that all the
wethess in l{ll' steant was left in the sepasator.

1ns tnal ended mine hours and g6 nunutes after s commencement, by a
signal given in the eagine roory, when the boilers had been tilled up 1o the
same heghts acat the bhaginning of the test, when the engine registers were
again sead, The feed tunk was then tilled to the hook gauge used at the
commencement, nnd the feesd und gacket dram shevts closed A counter on
the feed pump ennbled the namber of strokes made by it danmg the e 1o
be recorded.  The exlumst from it was subsequently condensed and weghed,
when wothing at the same rate of spead,  The pressure agaumsg which the
plangers worked ey ¢ 37 1be, 10 excess of the stipulated 80 1bs | it was
mutually agiced to by )om exprerts and Messes, Worthingtens' sepresenta.
tive, that the stean pressuce on the boilers would be 103 Ihs, instead of 1co
1hs,  Acnng nponnstructions, the stokers accondingly Aept the pressure be
tween tog and 106 1hs, on the boder 2auges dunng the whole tral

Az anges, indicator spongs an') weeh scales were tested and calibe sted
by the standards at McGill College, Before and after the tnial.

Fhe asastants employe:d on the part of vour experts upon the tnals were
Mr. G, Smaclur Snuth, BLAL, Sc., Demonstrator of Thermadynanues, Me-
Gill College , Mr. J. 8 Cosngan, B A, Se., M Leonard Dyer, BAL, Sc,;
Mr Archd, Datt, B AL, Sc .\h. Robins . \lr Hutclinson, and Me, Lauria,
C. I, Chief Assistant in Me, Vanier's othee.

DATA CALCULATIONS,

The following are the pnncipal data obtained from the wnals, and the
caleulations based threupon

Duntion of test. ....... .o hre, 36 mns 9 77 brs,
:\v:ragc pressure hy bollu g nu,u (com:urdl 104 8 e,
* absolute ta6
. . engine gaures {cortected) w33y
N . ** absolute. . ngag
Avcr.u;,c pressure in steam pipe at the throttle valve { tabs. ) 1o
harometer, . . ' 8 -
. temperature of m.un feed 15562 F
' . of jacket tank drain. . 3104 K.
‘Total weight of water measured to bolet<. . 749 79 lbs,
Werght of water dramned ftom separator gackets and reheaters 8228 5
\V--ghl of steam lost by Calorimeter tests... ... ..... . .. oo v
© supphied to engine eud feed pamps L, 73719 *°
. water dritned from separntor (23719 . 006) e 4423 "
Dryness fraction of steaun supplied . ... .. . .. . 99 4%
Absolute pressure in steam pine. . ... cee eve v . 19 lbs,
Heat of water at tesperature, 330°. .;2 13 .. g 1 U
L.utent heat of steam at 119 s, abs | e 8734 1. U,
Absolute pressure in Calonnmeter. ..., C e .. 37qlbs
1 emperature corresponding to same . a0 1
Actal temperature in Calor meter. ... .. 208°0 F
Total hcat of steum at pressure 30.¢ 1bs. [RE3: 200 N 0
Dryness fraction * e 138 - 30 aBz0R - 3sar 004
824.4.
MEAN EFFECTIVE PRESSURES,
North Engine —
HI[,,h pressure, cast end 110 lbs
* westend, . .. . 3218
Low pressure, east end, .. . 1632 **
v west end, 688
Pamp, castend .. ... ... .., 8343
* westend . 8573
South Engine :—
ngb pressure, east end . 43 45 lbs,
0 west end, . 433
Low pressure, eastend. ..., 15.45
. westend L L, 17.944 %
Pump, east end 85.28 **
* westend,, 83.68 *°
HORSE POWER,
North Enge. . e e e e 229.03 WL1%
South Engine ._.... . ..... e e ieieeeenaes 23345
Total ...... Ceeee e eeeieseieaes 362 50 1L.¥,
Horse power of pumy: ;obtaned from cardsy ... . .. ...... 438 97
Mechanieal efticiency. ... ... ..... ..... R . .. 0.9
Number of strohes in g hr\.. .;6 nuns . ..e -« . .. 33830
Average tengthof stroke ... ..., 3137fL
Piston speed dunng tnal foet per mmuu-) 135 o2
PRENGURES IN PUMY
A\cn;:c pressure per «q. in. on force mawn gauge . ..... N 76 735 lbs
- in suctionh mun (mclcur) column} 33 "
Pressure due to difference of height ot gauges... . ... g1

Total mean average eflective pressure ava nst plungers 84 57

WORK OF PUMI.
Work done by plungers in g.77 hiours,
84.57%x583734x53850x 3 |5~- 8.373.601,020 {t. lbs.
Steam used in perforning this woek ... ... . 73.277 lbs,
Duty per 1000 Ibs. of feed supplied. . ... e eve e 113,332,000 M1 Ybs

CAPACITY IN 24 1IOURS.
At 145 1. piston speed,
3357 ¢ 583 74% 53840 2 « 6 2322
133N Q.77
At 142 {t. per nin. paston speed as per contract... .. 10,306,300 lmip. gals.

=10,524.300 lmp. gals.



