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OBJECT

The cbject of this thesis 1s to determine the fuel
mixture and degree of compresslon at which the Elyria Gag
Engine operates the most economically and efficlently, as

determined by Thermal and Mechanical means.

DISCUSSION

Comparatively little has been known of the exact
relatlonship between fuel mixture and degree of compression
as affecting the efficlency and economy of the modern gas
engine. With the latter coming into prominence as a
compact rellable and accessible powsr unit, the importance
of the object of a test of this kind cannot be exaggerated.

Nearly all test reports upon thls subject have besen to
a more or less degree inaccurate. due mainly to the difficulty
of a suitable means of measuring the amount of air, used for
combustion. The apparatus used in this thesls was a system
of low pressure orifices, the exact detalls to be explained
later., Th s method is extremely accurate for difference of
pressure under 6" of water as is the case in our use of it.

A Ventrui Meter was at first intended to be used, but on
account of the fact that the pressure ratios change with each
load and ccndition of operation,.and that it would have to

be calibrated with a low pressure crifice anyway, this method






was abandoned. The effect of the incurred resistance %o

the air of the addition of the extra piping was not noticable
in the suction cards or in the ability of the engins to

carry the loads and therefore not taken into account.

Due to the lack of time to cover sufficient ground,
the anple of ignition was not changed during tre tests and
wus set at approximately the lead for ordinary operation.

It was set at 169 lead. No doubt this is not the most ef-
ficlert angle under all conditions of compression,, but we
lacked time to investigate: further.

In order to keep down the heat losses as much as
possible the cocling water was maintained as near 180° as
was permissable by the engines conditions at the beginning
of the test, lubricating difflicultles kept the cooling
water as low as 140°, No attempt was made to determine
the heat distribution. As long as the heat losses ara lert

"as low as posglble this doeg not effect the efficlency of
the engine and the latter was the factor upon which we
taged our comparisons of efficlency of mixture and com-
Fression.

After the beginning of each test, under 1its conditlons
of mixture and compression, the largest load was determined,
by experlment that the engine would carry safely. This
divided up into five increments to be successively applied,
in order to‘get a sufficient number of points to plot curves

The loadwas kept constant thruout the different tests by
individual attention.



All tests were run for 30 minutes with 10 minute
intervuls between tests to obtaln average operating con-
diticre. Readings on.the gas meter, low pressure orifices,
pressure of gas &nd R. P. M. were taken every five minutes.
Indicetor cards were taken every 10 minutes with a com-
pression card taken at the end of the test. The latter wes
taken by cutting out the spark at the time of taking the
cerd, on the c¢ linder under consideration. This was not
dcne durling the test as it would cut out a number of ex-
Flosicns and the fly wheel inertlia would be decreased.

Samples cf gas were pumped from the meter into a 12"
x 30" tank fitted with gauge and needle valve. In order tc
drive out ell air the tank was first filled with water and
there displaced with gas. Samples were:pumped into the
tank from several tests and tested when convenient. The
samples were: for calorimetry and ultimate analysis of the
gas. The analysls wes mede twice during the test and the
calorimeter test run once. The exact details of this test
will be given later.

The emount of compresslion was changed by lengthening
out the ccnnecting rod bﬁ putting in shims, thus chang:ng
the volume of the clearance-space. The amount of change
made in-clearance volume was determined by measuring the
projectlidn of the front end piston from the finished
end of the cylinder when the engine was on dead cener as

determined by a tramel bar,



Before running any tests all thermometers used were
calitrated with a standaerd and ccrrection curves plotted
for use with each one., Llkewlse the scales were tested and
found to be correct. The tare of the brake was determined
ty mounting the frame on & pulley balanced and mounted on
knife edges and measured by the welcht of the free end on

e pan of scales.
GAE ANALYSIS

In order to chsck the amourt of alr used by the engine
as measured by the low pressure orifices it wes thought
advisable to make chemical analysis of the gas before it
entered and after 1t left the engine. By determining the
percentage of combustible constitutents 1n the ges and the
amount cf alr required for combustion, with the excess of
oXygen going thru the engine, as measured in the exhaust
ges, we could compute the amount of alr used.

The apparatus used was of the Hempel type on account
cf 1lts simplicity and accuracy in the hands of inexperienced
men.. In this process the different constitutents are absorbed
ty some speclel reagent. The gases to be determined were
COB, Olifinis, O, CO, H, and CH4. The reagents for the same
were KOH, H2S207, Pyrogallic acld and Cug2Cls, respectively.
H was taken out by the coprer oxide method, while CHyg was

determined by explosion. The method was as followssg



100 cc cf the gas was collected in a burette tube. The
burette tube was ettafhed to the KOH plpette by means of
caplllary tute 1in order to keepr the amount of air admitted
as smell es possible. The gas weas passed over the KOH untlil
tre reeding on the burette was constant, showing that all the
COg had been taken out. The diminution in volure read and
the process repeated over disulphuric acid. DBefore using
the pyrogallic pipette the fumes of the former acid had to be
taken out ty meens of KOH. After the prccess had been re-
peated over the pyrogaliic cuprus chloride and the hot
coprer, 10 cc of the resldue was taken and placed in the
explosion buldb with 70 ce of air and burned. The following
reaction took place:

CHg +:40 = CO2 + 2H50
Trhe diminuticn in volume due to the 2H0 1s so smell as to
be negliglible end we can measure the amount of CHy in the
10 cc by measuring the CO2 by passing over KOH. Now by
determining the amount of CH4 in 100 cé from the proportion
in 10 cec we have the exact percentage of the constltutents
gsince we started with 100 cc.

Semple enalyels.

Before KOH 100 cec
After " 97.56 cc
COp 2.45 cc
Before HpS207 87.56 cc
After " 91l.1 cc

Olifinis 8.46 cc:



Before Pyrogallic acid 91.1 cc
After " " ___88.8b6 _cc
0 2.45 cec
Before cuprus chloride 88.85 cc
After " " 74.15 cec
co 14.56
Before hot copper 74.15 cc
After " " 42.15 cc
H 32. ce

Amount of COp after explosion of 10 cc residue = 4.3
100 - (2.45 +18.45 + 2.45 + 14.5 + 32) = 47.86

47.65 x 4.3 = 21.8 cc CHy present.
10

In collecting exhaust gus samples & plpe was led from
the exhaust to a gasometer where the gas was drawn 1in by the
welrht of the water. Analysis cof the exhaust gas was made
during each test for eaech different load. The determination
of the asmount of air from these analysis and also the heating
talue will be shown in & sample calculzation of the thesis
data.

The chemical constents of heating value of each gas
and lts emount of eir required fcr combusticn were taken from
the Mocdern Gas Engine and Gas Producer, By A. M. Levin and

are glven below.






Air reqguired fecr combustion per cugy ft. gas.

H 2.4 cu. ft.
CHg 9,61 "
Colly 14.3 "
CeHp 38. "
co 2.4 "

Heating velue per cu. ft. g=as.

H 275 B. T. U.
CHy 10 "
CoHy 1512 "
CgHg 3560 "
co 324 "

The amount of alr required for combustlon of 1 cu. ft.
of gas 1s found by multiplying the amount of alr necessary to
burn cne cu. ft. of each constitutent ty its percentage 1in
the gas end teking the total.

The heeting value 1s likewlse found by multiplying the
heating value of one cu. ft. of each constitutent bty 1ts
percentage in the gas.

All results are worked out for standard conditions of
82° F and 30" of mercury and the heatlng values are given as

the low heatling values.



CALORIMFTRY

The arraratus used for determining the heating value
of the gas was the one most generally used, namely Junkers
Calorimeter which is shown in one of the cuts. In connection
with the appuratus there 1ig used a gas meter and pressure
regulator. The flow cf the gas 1s from the source of
suprly thru the gas meter, thru the pressure regulator and
tkru the burner.

The temperature of the cooling water is measured, bJ
thermometers placed 1ln the pockets vrovided at the inlet
and discharge of the arparatus. The amount of cooling water
can be regulated by means of graduated valve, thus regulating
the exlstling temperature difference of the cooling water,
which should be about 160 to 200 C. A thermometer 1g placed
et the exhaust gus exit and this should be maintained at
the room temperature in order not to lose any heat from the
avparatus. The condensation which wlll result from the
combusticn of H is drained at the bottom into a graduated
beaker.

The gas meter 1g fitted with apparatus to meesure
exlsting temperature and pressure in ordér to be.able to
reduce the meter reading in liters to standard conditions of
620 F and 30" Hg.

Preliminary to the test the apparatus must be in

operation for some tire, until the condensation 1s flowing






at & normel rate, and the temperature difference 1s constant.

The test ma” now be started by reading the meter and shifting

cooling water and ccndensetion to graduated beakers and
observing the temperaturee. The test can be run for any
iength of time taking readines frequently in order to get
avereace conditions.

The measuring vessels used with this apparatus are
gradueted in liters and the thermometers 1n centlgrade.
The result; the weight of coocling water 1n kilogrzms times
the incresse 1in temperature in centigrade will therefore
be exrressed 1in calories which are equivalent to 3.9656 B, T,
If V 18 the volume of gas consumed 1in cu. ft. reduced to
standerd conditions at 620 F and 30" Hg.

W the weight of cooling water in kilograms.

t2 centigrede, the mean discharge temperature of the
ccoling water, than the celorific power of the gas rar
cublec foot will be.

H=3.968 W(to = t1) for its high value.

To obtain the low ;Zlue we have to corsrect for the con-
densation in the following manner.

If V is the volume of the gas used as gbove, C the
emount of condensation i’ cublc centimeters then

h=-2,381 x C
\'/

and

H- h=H' low calorific value.

U.
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MEASURIEG TIE GAS

The amount of gus passing into the engine was measured
by a gas mdéter accurate within 2{. Pressure and lemperature
were both meesured on the inlet and outlet side of the meter.
Thece recdings were necessary in order to obtailn the amount
of gas used under standard conditions of 820 F and 30" Hg.
if Py = Pressure of standerd gas (30" Hg.)

V1 = Volume of standard gas.
T3 = Absolute temperature of standard gas (621.20 F)
P = Pressure of gas under meter conditions.

V = Volume of gas under meter conditlions.

T = Absolute temperature of g=s under meter coxndltions.

Then
PiV; = PV V] = PVT]
T1 T TP

T, = 521.2 = 17.373
Py 30

V1 = 17373 PV
T



11

EFTICIENCY ALD COMPRESSION
Beslce playing en important rart in gas engine design
with reference to plston speed and weight of reciprocating
rarts, compresslcn 1g one of the fundamental factions of
efficiency. The equation of the theoretical efficiency of

the gas engine cycle 1s

E =1 «(V -1
évag
1

-l—
ro~1

Where Vg = total volume of cylirder

Vyp = volume of compression space.

r = the ratio of Vg to Vi (ratio of compression)

N = the ratlio between the speciflc heat of the gas at
éonstant pressure and that at constant volume and has the
average value 1ln gus engine practice of 1.365.

Ac gshown 1n the formula the theoretical efficiency
increeses with the intensity with which the churge is
compressed before ignition. HYwever, there is a limit to
thie efficiency due to the fect cf pre-=ignition of some
fuels, under high compression. Lucke of Columbia University
makes a statemenl thul the amount of compression 1is limilted
bty the amount of hydrogen present in the gac and states that .
one atmosphere must be deducted from the compression for every
6% of hydrogen present.

Thug the thermal efficlency of the heat transformatlon
1s first dependent on the compression that can be allowed,

but it is elso determined by the amount of heat that passes



12

to the ccoling weter. Again the thermal efficlency will
vary mathemeticall;, dependent uron whether the results were
derived from output taken as I. H. P. or B. H. P. and the
input derived from high or low heatlng value of the gas. 1In
working up all our results we used B. H. P. for output end
the low heating value as the input.

The use of thermal efflicliency 1n referring to gas
engine test 1s made more distinct Tty referring to economy.
By economy 1s meent the expenditure-in heet units that 1s
necesséry in order to get the necessary transformation, under
a certaln efficiency, to 4o the work in the cylinder. Thus
(1) 1. H., P. is equal to 2.546 heat units per hour and if
the thermal efficlency of transformetion is 24%, 2545 or
10,600 B. T. U. would need to be expanded to do I; H. P,

The latter is the economy, the thermal efficlency being

determined from the I. H. P.



MEASUREXENT OF AIR USED FOR COMBUSTION

The apparatus we used to measure the air, consisted of
a steel tank,two manometers with tubes i< connect, two 2-in
orifices with conneoting pipes, thermometers and ripe leaud-
ing to intake valve of engine. (See blue print on page )
The 3" pipe leading from the tank to the engine was
made as short as possible to do away with friction of the
alr yassing thru 1t. This pipe projected into the middie cf
the tark in order to avold the eddy currents and so that
about the same amount of air would be supplied by each of the
two orifices, thus dolng away with excessive suction in this
cage, on elther orifice. The suction was always less than
5" of water to facilitate the use of the correct constant.
The tank was cylinderical 1n shape being 30" in diameter
and 40" high,.and was used as a receiver for the alr to keep
the rressu:e nearly constant. This made it much easier to
obtain correct readings on the manometers.
The orifices were two in number and fastened to the
ends of two 3" pipes which were screwed into the tank about
12" apart. These pipes were made 16" long to get rid of all
eddy currents and yet not long enough to cause undue friction
losses 1n the pipes. These orifices were of standard
thickness (.067") being plates with a 2" circular orifice
bored straight thru. The edges were not beveled.

It has been found from experiment that with an orifice
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of this slze and thickness the coefficlent remains
practlcally constant with pressurss up to 6" of water and
does not chanre apprecliably for temperatures of air betwesen
400 and 1000 F, or for the size of receiving tank 1f the
ratio of the area of the tank to the orifice 1s greater than
20 to 1.

We measured the degree of suctlion by boring holes in
the pipes leading from the orifices ic the tank and in-
serting small brass tubes in holes thru rudbber stoppers In
th253 holes. These brass tubes were placed into the pipes
far enough to get an avera~e reading or the manometers.
Small rubber tubes lead from these brass tubes to the
meanometers which were of the suction type and read in
hundredths of an inch of water.

The temrerature of the alr was taken by a thermometsr
hung in front of the two orifices to get an average tempera-
ture.

Thus by taking the temperature of the entering air
and the pressure 1ln inches of water we mey by the formula
W = .8200 Cd2 ¥T 4 T f£ind the welght of air entering
the engine in pounds per second. In this case the
constant (C) is .8, 4 =-2", 1 = inches of water, T = absolute
temperature of entering air.

This method of measuring air was taken from R. J.
Durley's discussion in the Transactli-ns of the A. S. M. E.

Vol..27, 1906.
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CONCLUSIOXNS

The test was run under mixtures of 5.8 to 10 cu. ft.
of air per 1 cu. ft. of gas and under compression of
105 to 190# per sg. in. The limii was reached under
which the largest locad that could be carried under a
mixture of 11 to 1. ©NoO tests were run of light loads as
it was not deemed profitable if the largest load could not
te carried. The limit of test was 21s0 reached at 190#
per sg. 1in. of compression. At this polnt prelgnition was
established to such an extent &s was apt to damage the
engine and the test was stopped. However, prelgnition was
never found on the indicator card or on the comrression
card when the spark was cut out. The only evldence of
preignition was the pounding of the engine. Thils pound-
ing could probadbly be done away wlith by egiving the spark
less angle of advance, however, this was not done.

By using the same loads under the several tests we
were able to determine the effect of £ .11 mixture on
B. H. P., I. H. P. and mechanical efficlency under different
compressions, ags can be seen from the curves plotted; they
remain nearly constant. Thus all the change that was made
by the testwas thrown into the thermal efficlency and
all conclusions were drawn from the latter. The exhaust
gas analysis was discarded after the first:.compresgslion
test was run as the two methods of measuring the ailr

checked.
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From thls fact we feel sure that our method of
measuring alilr was extremely accurate end can be recomended
for any such work as 1t 1s far less comrlicated to work
up than is the chemical analysils.

From the results of the tests the most noticable
chanpes wers made bty varylng the fuel mixture, all of
which would glve about the same mechanical effilclency.

From the curves on page the mixture that give the
maximum thermal efflclency was a proportlion of 10.5

volumes of alr to 1 volume of gas. The curve would
probably drop if continued, on account of the fact that

a ratio of 10.5 was the weakest mixture that . would maintain
the same conditlons of load and mechanicel efficiency.

These curves also show the effect of changing the
compresslion. Thils 1ls also shown on page . A compression
of about 160f to 160f gave the greatest thermal efficilency
and also the greatest economy as shown by the tabulatlons.
The corresponding ratlo of compression ran from 6 to
8.6. A higher compression than stated would not be
advisable on account of the falling off in economy of ¥%
from a ratlo of 8 to 7.6. This is somewhat contrary to
what might he expected from an inspection of the theoretlcal
efflcliency curve, but is probably due to the excessive
loss of heat given to the coocling water at the time of
preignition. From the curvses showing the effect c¢f com-

presslon and from results of other tests, it would be
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reasonable to assume that if prelgnitlon could be rrevented
a higher economy could be reached. This preignition could be
prevented by the zdmisslion of & spray of water 1ln with the
incoming charge, which would tend to cool off the cylinder.
Regarding the ceause of prelgnition, we cannot say, but from
other exXperlments made by authoritles who havs layed 1t to
the smount of hydrogen in the ges, we reached a great deal
higher comyression per volume of hydrogen present thran did
either C. E. Lucke of Columbia University 1in his "Gas
Fngine Design" or H. E. Wimperis in his "Internal Com-
bustion engine". Again 1t might be caused by carbon particles
in the high heat of ignition and compression.

Acaln a higher efflcliency and economy could have becn
reached by changing the zangle of ignitlon. Cards No. 10,
11 and 12 were taken of the 65# load under ths respsctive
tests and show a slow burning mixture thet could be remedied
by increusing the angle of ignition. For the cther tests
the angle of 1pnition was about right.

One pecullar feature was noticed in the experiment
and, thut was the ratio of alr to gas was not constant
thruout a certain mixture under different loads. As can
be ssen from some of the curves the ratio curve 1s not
always a stralght line. Thls probatly 1s dus to some
defect in the pressure regulator of the gas main.

The conditlons under which the englne gave the best



results ere: ratlo of air to gas = 10; compression = 150#
per Q. 1in; cu. ft. of gas per B. H. P. per hour = 21;
mechanical efficlency =-80%; thermal efficlency = 23%;
load 170# and developes 40 I, H, P,

The exponent (n) as used in thre formula for the
theoretlical efficlency of the Otto gas engline cycle was
determlned from the compression cards by means of the
followling formula:

Bt

P2 (V1

P; = 1nitlal rressure

V3 = total cylinder volume

P, = pressure at any point of curve

Vs = volume corresponding to pressure Ps.

n = ratio of spécific heat of the gus at constant
pressure and at constant volume.

From compression No. 1 rear cylinder.

P} = 14.7 - 10 = 4.7

Po = 14,7 + 38 = 52.7

V2 = 141 cu. in. = clearance syace.

Vy =141 + 603.18 = 744.8 = tctal volume of cylinder.

4,7 = (141)0
62.7 (744.8)

Log 4.7 - log 52.7 = n(log 141 - log 744.18)

«.872008 2.149219
-1.721811 2.8716456
. 950287-2 «277666-1
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n = 1.049713 = 1.4b6
722435

Czards Nos. 1, 3, 4, and 5 glve the following value of

(n).
No.

1.45

1

"3 = 1.345
4 1.28
5

= 1.4¢

1.386 = averags.
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Test No.l Comp. No.f.. Mix. No.l
165 30 3L 17 /106 29.25| 2.84 69.
130 318 /07 92 3.15 b6
25 32zl 27 82 3.49 66.
60 326 8o 64 386 64
25 326 | 49 38 |29.24 | 400 7.2
Te st Mo 2. Comp No/ Mit.No.2.
/760 30 308 /122 /04 28.84| 2.44 72
135 314 101 845 3.00 73.
/00 322 8/§ 70 340 73
65 324 70 s2 3.6 74.
30 326 55 48 28.84 | 3.87 78
Test No.3. Lomp. No.l Mix. Vo3.
/70 EX 3i0 /08 /03 29 2.85 70
135 315 9285 89.5 30X 70
100 320 83 67 2898 | 8.5 71
65 324 67 52.5 3.75 73
30 325 535 39 z8.98 | 3.87 74
Test No. 4. Comp.Ho.] Mix Vo 4.
170 30 31 119 /103 28.94 2.9 &5
135 317 929 87 3.2 66
100 32/ 88.5 7/ 28.93 | 3.45 | 46
65 523 70 $75 3.65 | 67
30 3527 52 44 2894 | 3.8 68.
Test No. 5. Comp. Mol Mix No. 8.
/170 30 3oo 126 /16 292.04 | 3.37 58
135 3/2 1085 98 [ 3.57 &¢
100 318 025 78 29.04| 3.7 6!
65 323 83.25| 63.5 3.8/ 62
30 325 63 5125 | 29.04 | 3.87 | 63
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Ratio of Compression R.Cyl. §28 F Cyl. 4.9
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£ S ol 3 = OrificelOrificel © ¢ |5 o L2 ¢
Q0S| Mg | wo2|ERISK IS
Test Nol Comp.Nol- Mix No.l.
165 | 406 | 388 | .72 | .86 76 | 2755 | 6.9
130 | 350 | 337 S67 | 668 | 23| 2470 | 7.1
95 277 | 267 43 o5 79.8 | 2091 7.6
60 223 | 213 LBI5 | 3T 778 | /1848 8.3
25 | 169 159 B el B 864 | 1450 | 9.2
Test No. 2. Comp.No.l Mix. No2.
/70 492 | 467 .73 .87 825|275/ | 3574
135 400 383 57 684 | 85.8 | 2425 | 6.1
/00 318 299 427 5 92.4 | 20890 6.7
65 | 233 | 221 285 | .34 | 92| /772 | 7.86
30 176 /66 2 23 | 89.1 | 1419 8.0
Test No.3 Comp. Nol Mix No.3
170 | 437 | 420 77 S 855 | 2755 | 6./
133 379 364 594 % 86.7 2qo.r 6.2
/00 300 286 455 525 | 8481 | 2144 | 7.3
65 234 222 305 37 855 | /773 78
30 177 163 ,205 .24 | 8257 /449 | 8.6
Test No.4 Comp-No.l Mix. No4
170 EXL] 364 765 902 | 754 | 2825 | 7.3
135 EED 320 618 | 728 | 774 | 2529 | 7.64
/00 277 267 411 561 | 7157 2228 78
65 225 217 345 | .4] 7187 | 1895 | 8.16
EL) 178 171 F 2250 PR3 /482 | 8.35
Test No.5 Comp. Nol Mix No. 5.
/70 336 | 330 1,0/ /.2 63./14 | 3284 | 8.2
135 303 296 827 967 67.2 | 2934 | 8.3
100 263 | 257 6 7( | 6785 | 2518 | 8.15
65 215 209 408 | 494 | 68.7 | 2090 | 8.4
30 171 /665 | .269| .339 | 67.7 | 1716 | 8.5




Ratio of Compression RCyl.5.28. . F Cyl. 4.97.
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Test No.l. Comp. No.l Mix.No.l

65 71 244 | 4028 | 3/.8 79.0 | /9.6.

/30 7.3 270 3544|2488 | 70.2 | I7.7

o5 2.6 29.0 |26.04 | /8.38 | 70.6 | /6.4

60 8.8 36.0 |20.495 |//.8/ | 576 |/3.3

25 S.2 64.0 |/4.53 | 4968 | 34.14 | 1.49

Test No.2. Comp.No.| Mix No.2.

/170 §.9 29.7 |38.22 | 3/4/ | 82.2 | /6.0

/3§ 6.35 | 30.0 |3272 | 25.9 77.7 | 15.8

/00 6.9 31.8 | 2694 |/8.72 | 72.1 /9.9

66 8.0 35.0 /19.69 | 12.64 | 64.2 | /3.7

30 8.1 56.6 |/4./8 | 5.87 | 41.85 | 6.09

Test No.3. Comp. No.l Mix.-No-3.

/70 6.55 264 | 39.9 3.7 79.9 /8.0

135 6.6 28.5 33.06 | 25§ 77.0 /6.8

/00 7.5 29.8 2688 | /9.2 7.5 /6.1

65 8.0 35.2 214 /2.6 59.0 /2.9

30 8.9 s56.0 |/4.07 5.85 |41.7 8.6

Test No.4.Comp.Nol. Mix. No4

/70 7.75 23.0 89.44 | 317 76.5 20.7

/138 7.2 25.0 33.7 L 7.7 /8.3

/100 8.35 276 | 2689 | /9.3 &9.1 17.2

65 8.74 34.6 |2/33 /2.6 42.6 13.85

30 8.7 §8.0 |/3.84 J.9 20.7 8.25

Test No.5.Comp.No.| Mix No.§

/170 2.9 2.4 | 9247| 30.8 | 729 | 222

/138 8.9 23.5 34.79 | 26.2 73.0 20.3

/00 88 26.7 28./16 | /8.2 69.0 /7.8

65 0.0 33.2 | 2052 | /26 61.5 | /4.4

30 /0.3 §7.0 12.76 584 | 45.7 8.36




Ratio of Compressiom RCyl 6.04 FCyl 5.65
NEDTR TR R o
3 .o as
Ry 87 e A el R
S 2 X At ;
s Gl M Sl (TG D
5 -~ Q)
3 LIS
S s e e e e
Test No.6. Comp. No.2 Mix. No.l
|70 30 312 /37 //6 |28.89| 2.76 | 711
183 317 115 98 5.07 | 706
/00 321 r) 85 3.28 | 72.06
65 324 87 65.5 3.45 73.3/
30 326 65 S0 |28.87 | 3.62 | 73.87
Test No.7 Comp . No.2. Mix.No.2.
(70 30 E kD /20 |29.08 | 2.85 | 69./4
155 317 /18 975 298 .72
/00 3J22 /06 82 3.27 72.©
65 324 865 66 3.5 73.1
30 327 625 | 505 (29./2 | 3.65 | 73.2
Test.No.8 Comp No.2. Mix No3.
/70 30 313 /40 /20 |28.95 | 2.65 | 648
/35 317 /18 /03 2.97 | 6274
/00 32/ /06 87 3.5 | 66.8/
65 323 87 G9 3.27 | 7478
3o 326 70 $0 |28.85| 3.45 | 627
Test. No9. Comp. No.2. Mix. No4.
/70 30 EX? /38 /(9 |28.72/ | 2.83 | 62.4
/35 5 36 /122 108 3.2 | 685
/00 320 /04 88 3.32 | 7243
65 324 84 70 3.5 74.9
30 326 70.5| 5/ BT 3:65 ). 287
Test No. /10 Comp.No.2 . Mix No.5
/35 | 30 | 3/0 | /44 | /26 |25./3 | 3.03 | 576
/00 : 317 /22 /12 3.28 | 642
68 323 928 75 3.45 | 66.7
35 326 8/ 65 3.5 68.7




Ratio of Com/orcssion R.Cyl .04 F Cyl 5.65

Gasg¢ T kT T L
=5 ~ S | Pressure R
Ry e V1w oy | /m inches L e ik?
P Lk‘q' water E“Lk\tgeg
. 59 |3 = OrifreclOrifice ¢ w | 3,0 LLL S
ST |ISo s | MRERISKIR ©
Test No.6 Comp.No2. Mix.No./
170 405 386 693 82 78 2685 | 5.1
/35 | 338 | 322 562 | 649 | §8.5 | 2376
/00 229 265.5 425 8/ 86.85| 2093
65 224 ZJ)3 317 .38 875 | 1803
ET) 169 1605 i 28 84 1453

Test No.7 Comp. No2. Mix. No.2.

/170 | 446 | 430 | 653 | .78 74.28 | 2618 | 5./

135 377 362 37 625 | 78 2367
100 292 279 4 47 78.549 | 2033
65 227 217 .28 344 | n3.85 | 1730
30 /68 161 /8 .22 7t 1387

Test No8.Comp No.2 Mix. No.3.

/70 378 366 ,678 | .82 69.4 | 2687 | &./

/35 334 323 S8/ 677 77./8 | 2432

/00 284 263 458 543 | 86./8 | 2164

65 | 228 | 216 | .35 | .4 84.0/ | 1855

30 I /165 .22 26 78.14 | /40!

Test No.® Comp.No.2 [IM1x.No 4

/70 370 356 7568 .869 | 89 2755 6./9

/135 328 | 313 6 69! | 96.28| 244]
/00 28/ 266 .47 547 | 96.4 | 2162
65 227 | 214 331 39/ | 8785| 1838
30 LT, /162 20/ 268 G2. /517

Test No.10. Comp. No.3 Mix No-5

170

/35 | 298 | 294 | 984 /./57 | 84./5| 3172 5.3

/00 255 | 2498 .67 -8 83.42| 263/

65 2/0 202 442 | .594| 78.4 | 2/66
35 174 168 288 3es5| 79.) | 195!




Ratio of Compression. R.Gyl. 6.04 F Cyl.5.65.
U u L . E Eh
S IT I Q\ Q R A
> R TR oS onER g
SERTONRE P S o SR
S g SN \'\\ Rk oy
o RISt S IR S
o o L e S S S [y
Test No. 6. Gomp.No.2. Mix.No.l
170 6.95 | 2426 | 41.8 | 318 | 76.1 | 20.6
138 7.37 | 25.0 |36.9 | 28/ | €69.6 | /8.8
/100 7.8 276 | 898 18,25 | 66.0 | 17.25
685 8.4 33.8 | 203 /2.6 62¢c | 1409
30 9.06 | 647 | /4.3 686 | 4.0 | 87
Test No.T Gomp. No.2.Mix.No.2
170 6./ 2702 | 414 | 3.8 | 769 | I1.5
/138 6.54 | 28.02° | 3579 | 25.7 7,9 | 16.8
/00 7.9 | 209 | 2766 | /9.3 | €9.8 | /6.4
65 8.0 34.3 206/ | /2,65 GI 7.5' /3.8
30 8.3 54.6 /13.28 | §8 8.78
Test No.8.Comp. No.2. Nzx No.3.
/70 7.34 | 2295 | 3905 | 3/92 | 8/.715 | 20.7
/35 | 7.62 | 26./6 | 33.3 | 2568 | 71./ /8.7
/00 8.56 | 2173 2738 | /19.26 | 699 | /7.3
65 8.62 | 34.3 | 2086 | /2.6 605 | /3.8
30 |8.& 564 | /468 | 586|400 | 855
Test No.9. Gomp No2. Mix. No. 4.
/70 7.8 | 2221 | 39.4] | 8.75 | 80.§ | 2l.2
135 7.8 | 245 [ 32/2 | 256 | 79.7 | 194
/00 8/3 | 27.7 | 2665 | /192 | 720 17.2
| 65 8.6 33.9 | 2063 | /2.63 | 6I.6 4.0
30 [9.35 | 552 | /438 | 587|408 .78
Test No./0.Comp No.B. Mix.No.5.
)
/35 108 | 23.7 | 3267 | 2512 | 16.9 | 203~
/60 /0.6 26./ 2523 | 49.03 | 75.5. 41795
65 /0.7 32.0 | 2054 | /126 6.4 | 1485
35 /1.6 49.0 14.77 685 | 946.4 | o7




Ratio of Compression RCyl. 7.4  FCy/ 7 115
&t S s TR,
E E 2 'g) a0 ‘a G 49 \)Q =
< 5 V| v v P Gelt
S 9 3 D\ { ~ N E T e DJ‘&
SIS AN i
v
SR T selsxfa | £§[ R4
TestNoll CompNo3 Mix.No.l.
/70 | 30 3/3 | /905] /66 [29./16 | 2.55 | 58.75
/138 317 /68 /146 2.8 603
/00 De2 /29 /16 3./ 62.1
65 J25 /22 87 3.3 G2 .86
30 327 | 94 70 3.45 | 6428
Test No.l2.Comp.No.3 Mix.No.2.
/70 J o T2 /82 /60 |29.2 2.0l 675
/135 37 /64 /40 289 682
/00 T22 /36 /09 2.6 68.5
65 325 /10 87 2.73 G886
30 329 88 66 2.87 677




Ralio of Cormrpression RCyl. 7.4 F Cyl 7.1/5

Gag VAT @ 3
- L
~ % % | Pressure A
3 e G B 85 In yrekes Z‘Lk g ?rk
Wy water o ATV O
it 5 0 | 3 & |Oritiec[Oritice LV L
oF |0 S v/l |selEFRIS KRR
Test Noll. Comp No.3. Mix.No.l.
/70 4/6 409 . 7/5 84 75:/4| 2723 4./
/35 i 364 604 704 | 78.7/ | 2490
/00 | 290 | 284 | .43 | .5/4 | 77.28| 2124
65 | 230 | 225 | ,3/7 | .39 | 7528| /838
30 L 28 122 .213 ,263| 74-4 | /1808
Test No.l2.CompNo.3. Mix. No.2..
170 | 452 | 436 | .ee7]| 817 | 811 | 2650 | 5./
135 | 379 366 522 | 659 | 78.85| 2375
/00 | 297 | 287 | .385| .488 | 73.7 | 204!
65 | 233 226 268 | 354 | 69.48| /7/2
3o /78 173 165 | 233 | w2l | /1376
—
S ey Lt S
eyt - L ,,ﬂ,i,i,,a V- SRR e




Ratio of Compression. 7.Cxl. 74  F.Cyl. 7us
o :

L L1 e > ,?_» o 2 -y

e L FRCESE S imlers g B
L3 9lui0o S -

3 ¥R | /T * T =% o
o % Olgss . o 3 g g,
el CER B (0 5 5 o T |k

- 7estNo. /. Comp.No.3 . Mix.No./.

/70 6.67 | 25.6 40.0 3/.8 | 78.8 /8.7
/35 6.85 |28.7 | 3476 | 2568 | 73.9 | /6.8
100 7.6 |294 | 282 | /933 | ¢6.9 | /6.3
65 8./7 | 355 |21/ | /268 |60.( | /3.3
30 | 8.83 | 578 | Is. 59 | 390 | 82
TestNo./2.Comp. No.3. Mix.No. 2.

/70 | 5.73 | 274 | 43,31 | 3.8 | 73.6 | /7.4
/36 | 648 | 28.4 | 3328 | 25.7 | 711.2 | /6.6

/00 7.06 | 29.7 | 283/ | 19.32 | 68.3 | /6.05
65 | 1.66 |3s5.6 | 2107 | 12.7 60.25 | /3.4
30 7.95 | 585 | /446 | 592 | 4.0 8.12




Chemical Analysis.

> a3 4
¥ W
%lt % B E =
2y o3 3 ot
" K p

™ o« <+ ©° 23w B
ol o ERMITR L o itig & Riefk & 38k
33| © [ RS 1 © O (&% & E [FLE
o 2 = K (p S
7 [ 245 | /45 | 5.0 | 246 | /46 | 82.0 |20 |53/ | 5.2 |83
2 |z | 15 | 4.5 |285 (/1285 36.5 (250|652 |5.8 |63F
3 |a.2 |40 |50 |40 |/3.038.0]|2/.0|529 &/ |534

Frhaust Gas frnalysis

N . N

Q e} QS Qﬂ o o Q o Q
) Al S D )
Mird Comp./ | Mix4 Comp /. | Mlix.S Comnp./.
/3.2 | .8 o & sz | 5.6 [7) oz | 8.8 | L0
/3.0 | /.0 o 8.+ | 6.4 0 9.6 |29 2
2.2 | 2.1 o |84 | %0 o |78 |88 0
/7.8 | 3.6 o 84 |&.2 o /0.4 | 8.85 0
/0.4 | $§.0 o 9.6 | 8.4 o 8.6 9. % ‘0

MITNAL EFFIGIENCY awa ECOMOIYY For VARYING GOMPRESS/ON SIN GRS ENG/NE.

2 > < > £ > % 2
o N v vy . SRR 3 e
e S LR SEEEL st S AB N Ig
TR S T S N T oldw |2
E> I TS kQUuJ;)'t\, Q k> lug )
vS Iy |kt [BEyiSERibE 1R IR IR
e (T 8 e |9§T(Sw | P sk SK
1E Re |80 Fe gETRe g 18RS
528 | 497 | /8.6 | 42.7 | 44 | 434 [/2800| /06 "7

el
604 | 5.65| 20.6 | 46.6 | 47.0 | 46.7 |1238°| //6 | /31
7.4 771 | /8.7 | 49.6 | 50.3 |49.9 |/3.600| /66 190.5
s | ISR A




Curves showing the relationship of I. H. P.,
mechanicel efficiency, thermal efficlency, ratio of alr to

gas and Cu. ft. of gas used per B. H. P. with B. H. P.

--0c00§0000-~
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50"spring.
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OUTLINE OF THST

Efficlency of a Gas Engine as Determined by

Fuel Mixture and Com ression.

The test will be run under different cconditlons of
fuel mixture with different loads and different condlitlions
of compression.

l. The loads are to be aprlied by means of a water cooled
Prony bruke and aprlied in this order; determine the
largest lcad the engine will carry undsr operatlng con-
ditions and divide 1t up into five increments, the locads
to te applied successively. This will give five polnis on
all curves plotted with loads.

‘2. The length of tests are to be from 30 to 40 mlnutes,
taking readings every flve minutes.

3. R8adinps necessary.

Gas meter.

Temperatu:re on both sidee of the meter, the 1nlet side

and outlet side.

Pressure on corresponding sides of the meter.

R. P. M. of engine.

Venturi-meter manomster rezdings.

Alr temperature 2t venturi-meter.

Barometer readlng, beginning and end of test.

Loads.

Time.
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4. The ges 1s to s measured by a standard gas meter.
Samrbes are to be pumped into a tank durine the test and
the calorific calue determined at the end of each test 1if
possible. An ultimate analysis 1s to be run at the same time
in order to check all work.

5. The alr 1s to be measured by means of & sultable 1low
pressure orifice arranged with a by-pass for starting.

6. The compression 1s chanred by putting in or taking out
shims in the conneeting rod.

The amount of compression is measured by use of an
indicator end reducing motion cuttling out sperk at the
time of taking card.

7. An ultimate analysis will be made of the exhaust gucses,
thus giving a chack on the smount of alr passing through the
engine.

8., The I. H. P. 1s measured by means of indicator cards,
taeken every five minutes, and the engine constant.

9. The B. H. P. 18 measured by means of brake load, which
must be keprt constant thruout the test, and the B. Il. P.
constant.

In refard to the different mixtures, the limits will be
found by traal and work will be carried on within those limits.
The outlet temperature of the coolling water should be

malntained as nexr as posslble at 180 degress F.
The angle of ignition is to be set at 16 deg. and 1is to

be maintained constant thruout the test.
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Samrle comyutatiors for date of test No. 2 Mixture

No. 2, compression No. 1, load 170#.
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Formula for computing the weight cf air flowlng thru

an orifice.

lcad

Formule for a 2" orifice.

W = .8209 x cdl(1 2
{w%

W = welght c¢f alr 1n pounds psr seccnd.

diemeter of éischarge (.6 for 2" orifice"

o
']

= Pressure in inches of water.
= absolute temperature.

dlameter of orifice in inches.

= .8299 x .6 x 4 (1)%
'f%%
s
¥ = 1.51176 x (1)%
{T%

From test No. 2, mixture No. 2, compression No. 1,

1704,
1= ,73

H A 3 &
[ ]

T = 82.5 4 459.2 = .5 = 514.7

W =1.61178 x §.732&

(541.7)
¥V = 06564 per sec.
Welght of elr per test c¢f 30 minutes each
80 x 30 X .0556 = 99.9¢ ailr per: 30 min.
1 cu. ft. air ot 62°'F weighs .078081#.

Cu. ft. air drawn thru orifice No. 1 = 99,9 = 1314 cu. ft.
. 076081 air.
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From orifice Fo. 2.

W = 1.51176 (.87)% = .0806# per sec:
(241.7

Cu. ft. of air drawn trru orifice No. 2 = .0806x60x30
. 076081

= 14387 cu. ft.
Total air used rer test cf 30 minutes 1314 + 1437

= 2751 cu. ft. air.

STAYDARD GAS USED PrR TEEST OF 30 MIN,

P1Vy = PV
Ty T

P, = Pressure of std. gas (30" Hg.)

V, = Volume cf :td. gas used.

Ty = Temperature (Absolute) Std. gas (521.20 F)
P = Pressure (absolute) of gas used.

V = Volume cf gas used.

T = Temperature (absolute) of gas feed to engine.

V1 = PV (T; Ty = 621.2 = 17.373
"i’{iﬁ%‘ P1 30
For 170# load.

Pressure of gas 1n main equals 2.44 1inches water.

Abgsoluie presgsure equals barometric pressure plus 2.44

12

x 16 = .178
17

P = 28.84 = .179 = £9.019" Hg.
T L 459.2 3'72 - c4 = 530.80 Fo

V = 4982,
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Standard ges used per test cf 30 minutes.

Vy; = (26.018_x 462) x 18.373 = 467 cu. ft.
(530.8)

BRAYE EORSE POWER.,

B He Po = 2 X 3.1416 X wln
33000

2 X 3,141 1 = ,0006 = brake ccnstent.
33000

B. Ho P = ,0006 x 170 x 308 = 31.4

INDICATED HORSE POWYR.
I. E. P. = Plan _
33000

la = .00086 = Engine constent rear cylinder.
330070

la = ,000812 = erglne constant front cylinder.
33000

I. E. P. rear cyl. = .00088 x 73.62 x 308 =-19.62
I. H. P. front cyl. = .000812 x 74.75 x 308 = 18.7

Total I. Ho P. 319052 -+ 18.7 =:38.22.

MRCUANICAL EFFICIFNCY
B, H. P. ==31.41 = 82.2%
I..H., P, 38.22

THERMAL EFFICIFLCY

B, H. P, in heat units
B. H. P. 1n gas.
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3000 x 30 = 18%
87 x 532

Cublc feet cf gas rer B. H. P. p=r hour.

2 X 4€7 = 29,7 cu. ft. gas per B. H. P. per hour.
31.41

Heatlirg value cnd &ir reculred for comhustion from
cremical enelysis.
Heating vulue (low)
Ha=a 275 x .32 = 88
CH, = 910 x .216 = 197
CO =374 x 148 = 47
Cgllg = 3580 x .05 = 177

CpHg = 1512 X .0145 = 22

COp = 0 x .0245 =- 0
O =0 x .245 = o
Total - - - -~ 531 B. T. U.

Alr Requlired.
H= ,282 x 2.4 = .71
Chig = .216 x ©.61 = 2.08
CoHg =-.0145 x 14.3 = .20
CglHg = .05 x 38 = 1.80
CO = ,109 x 2.4 = .26
5.05 cu. ft.

€.4 COo in exhuust!

5 " " pas.



321 1100
40516 10... §



5.5 = 1.98 2 x 1.8 = 3,930 in excess.
3

2.45 C 1n gas.
1.2 O in exhaust
1.25 O 1in exrsust from gas.
3.9¢ - 1.25 = 2.71 0 in excess. Alr 1is 21% O.

21 a 5,06 x = 5.74 air/ cu. ft.

21 + 2.71 X

CALORIMETFR TEST.

Temp. inlet water = 13.50 C
" outlet " = 44,59 C

Differerce 30.0 C

Liters c¢f coolinp water = 4,81

Condensation = 21 cc
Ges pressure = 2.6" = ,1839 Hg.
" Tempsrature = 219 ¢
Liters of gas used. = 30 at meter..
BV

= PV
T *‘1
V (Std. Gas) = PiVyT
PTy
St. conditions are 820 F and 30" Hg.

620 F = 16.860 C

Barometer =-20.04" Hg.

gas.

34
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V = (29.04 + .1329) (30 x .0353) (273.1 + 16.68)
30(273.1 + 21)

V =1.C15 cu. ft.
Heatlrg value = Liters cooling water times difference
in temperature.

1 cu. ft. of gus = OC x 3.988
Cu. ft. gas burned.

= 4,61 x 30.8 x 3.968
1.015

= 523 B. T. U. high value.
Heat of condensaticn =

2.381 x cc of ccndensaticn
Cu. ft. cf gas burned

= 2,381 x 21
1.015

= 49.2 B. To Uo

583 - 492 = 533.8 B. T. U. Low vualue.

Ratlo of compression.

Disyleacerent Re&r Cyl. = 803.18 cu. 1n.

" Front " = 550,02 " "
Clearance rear cyl. = 141 cu. in = 23.4%
" front " = 138.5 cu. in =-25.2%

Rati6 of compreession = Total volume
Cleereance.

Front Cyl..= 550.02 + 138.56 = 4.97
13€.6

Reer Cyl. = 603.18 + 141 = 5,28
14l

--ocioo—-



(TR

MICHIGAN STATE LIBRARIES.

3 1293 02236 0857



















MICHIGAN STATE LIBRARIES.

IR

1293 02236 0857







MICHIGAN STATE LBRARIES

(IIRHTEIAR

1293 02236 0857







UL
3 1293 02236 0857




