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THES!IS



Objects of Testi-

First: To determine the cost per Kilowatt in terms of coel.

Second: To find the amount of water evaporated per # of coal.

Third: To find water consumption per H. P. per hr. of engine.

Fourth: To find thermal efriciency of engine.

Fifth: To find the efficiency of the engine and dynamo taken
in combination.

Sixth: To find the efficiency of the dynamo.

The Jonesville lighting plant is owned and operated by th§
village of Jonesville. It consists of two !ansfleld Machins Vorxs'
horizontal tubular boilers, one Stillwell-Blerce and Smith-Vele
duplex feed punp, one Cookson feocd water heater, one 16 x 36
Bates,Corliss engine and one 100 K.W. Warren Alternator. The plant
also includes two Stillwell-Blerce and Smith-Vale fire pumps rated
at 154,000 gal., neither of these pumps being run during the test.

Boilers,

In the plant are two !’ansfield ilachine 'orks' horizonteal
tubular boilers each 16 ft. long and with a diameter of 80 inches.
These boilers are connected by a six inch header. They are set in
brick arches with a straight front according to the usual custom.
The boilers are hand fired, only one being used at a time. The feed
water is supnlied by a 1" pressure main connected to the fecc water
heater and 1s regulated by means of a float and velve. The feed
water 1s heated by the exhaust steam. The water 1s pumped from the
feed water heater into the boiler by a2 Stillwell-Bierce and “mith-
Vale feed pump. The boilers are also suprnlied with a No., 4 U,S,

injector which can be used in case of emergency.
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The following dimensions were taken by actual measurement,

es required dy the A, S. M. E. in report of boiler triels.

1 Boile
Dianm. of shell 60 in.
Length of shell 16 rt.
No. of tubes 52
Diam, of tubes 4 in,
Length of tubes 18 f't.
Length of furnace 5 ft.
Width of furnace 5 ft.
Kind of grate dbars Plain Stationery.
Width of air spaces 1/2 4n,
Length of air spaces 2 in,
No. of air spaces (each _bar) 75
Ratio of area of grate to area of air spaces 1:25
Area of chimney 4.89 sq. ft.
Height of chimney above grate 69.5 ft.
Length of flues connecting to chimney 16 f't.
Area of flues connecting to chimney 4 sq. ft.

Governing proportions of boiler.

Grate surface . 25 sq. ft.
Heating surface (water) - 969,7 8q. ft.
Area of draught through tubes 4.25 sq. ft.
Ratio of grate to heating surface 1:3R.75
Ratlo of least draught area to grate 1: 5. 9
Ratio of least draught area to total

heating surface 1:228
Water.space 164.16 cu. ft.



Steam space f2.08 Cu, ft.

Ratio of grate to water space 1:6.56
Ratio of grate to steam space 1:3.28
Grate surface 5§ ft. long,5 ft. wide, arca 25 sq. ft.
Water heating surface 962.7 so, ft.

Ratio of water heatins surface to grate surface 1:30.7

Engine.
The engine is a 16 x 36 Bates Corliss made by the Eates

fachine Co., Jollet, Ill.

AJ1 the following dimensions were teken 'y actual measuremont:

Length of cylinder 36 in.
Diameter of cylinder 16 in.
Diameter of steam pipe 4-1/2 in.
Length of steam pipe 45 ft.
Diameter of exhaust pipe 6 in,
Length of exhaust pipe 87 ft.
Diameter of piston rod 3 in.
Diameter of crank sheft 8.5 in,
Diameter of fly wheel 12 ft.
Width of face of fly wheel 23.5 in.
Width of bdelt 18 in.
Thickness of belt 7/16in.
h.P.)&. a8
Ratio of crank to connecting rod /1.5

Age of engine ! years.

ngine runs under
Cylinder Lubricator Detroit
Capacity one quart



No. of droprs of oil fed to cylinder per min. 6
Engine exhausts into Cookson feedwater heater.

No. of turns in steam pipe 2

No. of turns in exhaust pipe 6
Steam pipe leagged wlth asbestos.

Cylinder legged with wood and asbestos.

Exhaust steam used to heat fleed water.

Temperature of feed water before entering heater 60.0%5 F.
Temperature of feed water after leaving heater 201.1 F,
No., of bollers: 2. One used,

Roated at 98 H,P,

Boilar pressure per gauge 85.82

¥ird of coal used,

Lverase consumption of coal per hour 500“
Apparetus,

The coal was weighed on a set of Buffalo stendard scales,
which were carcfully tested before nsing, The feed water was
measured by an "™mnire hot water metor eonnected in a dr~-nass in feed
pipe betwesn feed pump and bdoiler, The meter was callbrated after the
test and found to be absolutely all right, Four thermometers were
used. Two for indicating temperature of feed water and the other
two used for determing the temperatures of the boiler room and outédide
atmosphere respectively. The temperature of the feod water was taken
between feed punp and water meter also at & point in the cold water
main near the feed water heater.

The quality of the steam was determined by means of a
Garpenter's separating Calorimcter placed about 17 inches above the

throttle valve on the engine. The steam used by the instrument wac



allowed to go direct into the atmosphere. The gauge on the Calorimeter
was calidrated belore test and found to b3 correct for stcam pressures
from 73# to 90%, thorofors, no corrcctions wore necessary,

The indicator used was a Thompson with a 80# spring; the
spring boing carcfully calidrated before using and was found to read
correctly. The indicator was connected to sech end of the cylinder
by & 1/2 inch sicam pipe and a three way cock. A reducing wheel was
used.,

The R, P. ¥. was taken at the time of taking each card;
they were found to be constant throughout the test.

The load on the engine was kept constant by meens of a
water rheostat connected in the lighting c¢ircuit. The water rheostat
used in this test was made by placing two brass plates in a barrel,
one of which was stationery in the bottom and the other so arranged
that it could be raised or 1®Sered as the load was to be increased
or diminished. The electrolite used was water. The rheostat w#s
placed outside the plant at the point where the main wires entered
the dbuilding and connected in paralell to the commercial circuit
and was insulated from the ground by an insulated platform. Ain
approximate elevation is shown in Plate I. The windlass (V) being
placed near the switch board.

The dynamo 18 a Warren alternetor; the distance between the
centers of the driving pulleys of the engine end dynamo is 36 feet.
The diemeter of the drive pulley is 15.5 inches ané it has a capacity
of 100 K. V. The voltage is 1100 end is run at a édpeed of 800
Re P. !¢ Number of elternations, 16,000; at full load it will
carry 91 amperes. The field coil 1s excited by an exciter dolted

on the rame of tho dvnamo and has a drive pnullev 17 inchas in



dianeter connected to a pulley 7 inches in diameter.

‘the boller and engine test was of 12 hours duration; and
in the last four hours a dynamo test was run., This was made
~possidble by cutting out all the load except the water rheostat,
thus having a load that had practically no induction. The results
of the dynamo test are only approximate, because of the fact that
the voltmeter and ammeter used were not calibrated. The origineal
plans called for a primary wattmeter to measure the output of the
dynemo,s0 that the readings ol the voltmeter and ammeter would not
enter into the conputations; but it ﬁas found to be impossibdle
to procurc ¢ watirctor on such short notice so the %4cct was run without
it.

"he test was made according to the A, C. !, E. specification,
the Stendaxrd methed of starting and stopping the test being used.
Readinge were taken evory ten mimites. They consisted of feed
water texmperatures; water meter readings, weight of exhaust from
feed pump; Calorimetcr readingc; R. P. M. of engine; ammeter readings
and voltmcier rocadings. A cerd was itelien from the engine st time

of gotting the R, P. I,

L £ B r 1

toam pressure in boiler by gauge 85.02
Absolute steam pressure nn,os
stmospheric pressure g1
Temperature of externsl gir - 61 F.
Temperature of boiler room 74.7 F.
Temperature cf stean 316.6° F.
Temperature ol feed water ; §§°?eﬁi§§er zgé:ést.
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Zucia

Total anount of ccal constried
~otel refuse

Total corbustitlo

Coal consuned peor hour

cumtuetible eonsumed per hour

Result of Calarineter Toat.
Ouality of stoam
Pergontage of moisture in stoam

Hator,
Total weight of water pumped into boiler and

apparontly eveaporated
Wator actually evaporated ocorrectod for
quelity of stoam |
FCquivalent water evaporated into dry
stean from end at 2120F,
Eouivalent total heat derived from fuol
in Be Te Us
Cquivalent water evaporated into dry
agteam from and at 2120 7, per hour

[ T\
vater actually evaporsted per 1d, of coal
from ag¢tual prose and terpe.
Ugulvalent water e¢vaporated per 1lb, of

goul frow and at 212° e
7.

gn 707

45,250,407

44,664,105

47,274,007

4E,619,407.70

7, 0%8,04

7 () ‘2 ‘1 ,’;,';

777



Lquivelenit water evaporated per 1ldb, of

coictustible from ard st 212°F, Q.50%

Fouivelcnt water evaporated per # coal
with 1/€ refuse at 70# gage pressure
from temperature of 100°F, 6.23%

cpacicl,
Coal actu elly dburned per sq. ft. of
gretz surface per hour 2o#
Vater evarcrated from and at 2120F, per =sg. ft.
of heatirc sarface per hr. 4.08f
Comnercial M, D,
ori & tasles of 307 water per hr, cvepcrated from

s tex., o7 1COCF. into steam of 707

geze (=%4-1/2% from and at 212° 7,) 114
He Te Pulldcre retirg ot 11 sq. ft. per H.D an
7 goveloped ghove ratirg 25.57
ean Co £ ine
Water actually evaporated 44,664,197

velght of feed pump exhaust corrected
for quality of steam 1,490.67;

Weight of steam passing through calorimeter

in 12 hours 226.,38%F
Total weight of steam used by auxillaries 1717.0563
Steam consumption of engine for 12 hours 42,847 .14

Steam consumption per I. H. P. per hour 28,59



Thnrmal alfieloney

conpined ffisiency of Enpine & Dypamo,

Primary voltage
Amperes

vatts outort

watts input (126 x 746)

rfriclency

Prinary vealtage
Amperes

Watts o1tomt

Friction Y. P. (no load)

Ascumption of loes in belt by slipring
I. He Pe=PFriction H. P.

Uatts input {115 » .33 x 746)
Tfficleney

Pise of tomperature in dynemc during test

1.279%

1059
74
78,336
93,996
83.3%

1,089

74

78,388

12¢

10.97
5%

13

81,500,50

28

850F,






oY e8u

vgporaticn {under 75 empere load) 7.44

Ctaam concunption 28,59
Thernal efficiency : 1.27%
Ufficieney of engine and dynamo combined 83.3%
r#ricioney of dynamo 96 9
Number of Vatts ouiput per ;! ceal 14.2

#COdl Per KW."H‘, - —_ - - —_ - (, \37
Hcoal per H P Dhr oL DL L J.97

JO.
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FRICTION CARRDS TAKEN BEFORE 7TEST.

RAM. -88.
MEP -H-E=437)% CE =714
T P—/vE. =698 (E=406 TOrAL:= /.84

3 3.9
RRM=88.

MEP I E=40355CE=2.884%
THR —HE=6.96 (E:4F6 TOTHL=/092

}
| N

RAPM=8S8.
MER—HE: 3.27% C&= 3. 20
T HP -MHE=- 5124 (£=6/3 7OTAL =1/0.37

)\







SAMPLE CAROS TAKEN OURING TES 7-

CARO 0.5
RAPM=88.

MER -HE=362/% (F- 4225"

LR ~-HE=5800,0E=65.50~T07AL=123 50.

le 39" >
CARD.NVO. 34

RRM=88.

MEP —1HE =38.065 CE~ 4098

LHR ~HE<6L75,0E= 6350 7OTAL=/725.25

=< 39
CARO NVO. 64
RAPM=-88

MEP ~HE-39.95 CE=-40507
T HPR —HE:= 6400, (E = 62.85 7OTAL-/2686

3.9
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