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GAS
at

EQUIPPED WITH BOTH PRODUCER AND NATURAL2 ENGINENO.



OBJECT

The cbject of this thesis is to determine the fuel

mixture and degree of compression at which the Elyria Gas

Engine operates the most economically and efficiently, as

determined by Thermal and Mechanical means.

DISCUSSION

Comparatively little has been knownof the exact

relationship between fuel mixture and degree of compression

as affecting the efficiency and economy of the modern gas

engine. With the laiter coming into prominence as a

compact reliable and accessible power unit, the importance

of the object of a test of this kind cannot be exaggerated.

Nearly all test reports upon this subject have been to

amore 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 thesis was a system

of low pressure orifices, the exact details to be explained

later. Th s method is extremely accurate for difference ofr

pressure under 5" of water as is the case inour 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 condition of operation,.and that it would have to

be calibrated with a low pressure orifice anyway, this method





was abandoned. The effect of the incurred resistance to

the air of the addition of the extra piping was not noticable

in the suction cards or in the ability of the engine 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 durins the tests and

wes set at approximately the lead for ordinary operation.

It was set at 15° lead. No doubt this is not the most ef-

ficient 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 cooling water was maintained as near 180° as

was permissable by the engines conditions at the beginning

of the test, lubricating difficulties kept the cooling

water as low as 140°. No attempt was made to determine

the heat distribution. As long as the heat losses ara kert

as low as possible this does not effect the efficiency of

the engine and the latter was the factor upon which we

kasec our comparisons of efficiency of mixture and com-

pression.

After the beginning of each test, under its conditions

of mixture and compression, the largest load was determined,

by experiment 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

intervals between tests to obtain average operating con

Giticrs. Readings onthe gas meter, low pressure orifices,

pressure of gas and R. P. M. weretaken every five minutes.

Indicator cards were taken every 10 minutes with a com

pression card taken at the end of the test. The latter was

taken by cutting out the spark at the time of taking the

card, on the cLinder under consideration. This was not

dcne during the test as it would cut out a number of ex

plosions and the fly wheel inertia 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 to

drive out all air the tank was first filled with water and

there displaced with gas. Samples were::pumped into the

tank from several tests and teste@ when convenient. The

samples were: for calorimetry and ultimate analysis of the

gas. The analysis was meade twice during the test and the

calorimeter. test run once. The exact details of this test

will be given later.

The amount of compression was changed by lengthening

out the ccnnecting rod by putting inshims, thus chang -ng

the volume of the clearance: space. The amount of change

made in-clearance volume was determined by measuring the

projection of the front end piston from the finished

end of the cylinder when the enginewas on dead center as

determined bly a tramel bar.



Before running any tests all thermometers used were

calitrated with a standard and ccrrection curves plotted

for use with each one. Likewise the scales were tested and

found to be correct. The tare of the brake was determined

by mounting the frame on a pulley balanced and mounted on

knife edges and measured by the weicht of the free end on

a pan of scales.

GAS ANALYSIS

In order to check the amount of air 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 it left the engine. By determining the

percentage of combustible constitutents in the gas and the

amount cf air required for combustion, with the excess of

oxygen going thru the engine, as measured in the exhaust

Fes, we could compute the amount of air used.

The apparatus used was of the Hempel type on account

cf its simplicity and accuracy in the hands of inexperienced

men. In this process the différent constitutents are absorbed

by some special reagent. The gases to be determined were

CO,, Olifinis, 0, CO, H, and CHg. The reagents for the same

were KOH, H2S207, Pyrogallic acid and CueCls, respectively.

H was taken out by the copper oxide method, while CH4 was

determined by explosion. The method was as follows;



100 ce cof the gas was collectec in a burette tube. The

burette tube wes etta@hed to the KOH pipette by means of

capillary tube in order to keer the amount of air admitted

as small es possible. The gas wes passed over the KOH until

the reading on the burette wes constant, showing that all the

COp had been taken out. The diminution in volume read and

the process repeated over disulphuric acid. Before using

the pyrogallic pipette the fumes of the former acid had to be

taken out ty means of KOH. After the precess had been re-

peated over the pyrogaliic cuprus chloride and the hot

coprer, 10 ce of the residue was taken and placed in the

explosion bulb with 70 cc of air and burned. The following

reaction took place:

CHg +'40 = COp + 2H,0

The diminuticn in volume due to the 2Hp0 1s so small as to

be negligible end we can measure the amount of CHy inthe

10 cc by measuring the CO2 by passing over KOH. Now by

determining the amount of CH4 in 100 cc from the proportion

in 10 ce we have the exact percentage of the constitutents

Since we started with 100 cc.

Sample analysis.

 

Before KOH 100 cc

After n 97.55 cc

COs 2.45 ce

Before HoS007 97.55 co:

After ® 91.1 ce
 

Olifinis 6.45 cc:



Before Pyrogallic acid 91.1 ce

After " " __88.65ce

O 2.45 ce

Before cuprus chlorice 88.85 cc

After " " 74.15 ce

CO 14.5

Before hot copper 74.15 ce

After * " 42.15 cc

H S26 cc

Amount of COQp after explosion of 10 cc residue = 4.3

100 = (2.45 +:6.45 + 2.45 + 14.5 + 32) = 47.865

47.65 x 4.3 = 21.8 ce CHg present.
10

In collecting exhaust gas samples a pipe was led from

the exhaust to a gasometer where the gas wes drawn in by the

weirpht of the water. Analysis cf the exhaust gas was made

during each test for each different load. The determination

of the amount of air from these analysis and also the heating

,alue will be shown in a sample calculation of the thesis

data.

The chemical constants of heating value of each gas

and 1Jts amount of eir required for combusticn were taken from

the Modern Gas Engine and Gas Producer, By A. M. Levin and

are given below.





Air required for combustion per cus; ft. gas.

H £2e4 cu. ft.

CH4 9.61 "

Col, 14.3 ="

Cele 36. "

CO Led "

Heating velue per cu. ft. gas.

H 275 B. T. Ue

CH4 910 =

CoHy 1512 =o

Cele 3560 "

CO 324 n

The amount of air required for combustion of l cu. ft.

of gas is found by multiplying the amount of air necessary to

burn cne cu. ft. of each constitutent by its percentage in

the gas and tekineg the total.

The heating value is likewise found by multiplying the

heating value of one cu. ft. of each constitutent by its

percentage in the gas.

All results are worked out for standard conditions of

62° F and 30" of mercury and the heating values ere given as

the low heating values.



CALORIMETRY

The arvaratus used for determining the heating value

of the gas was the one most cenerally used, namely Junkers

Calorimeter which is shown in one of the cuts. In connection

with the apparatus there is used a gas meter and pressure

régulator. The flow cf the gas is from the source of

suryly thru the gas meter, thru tne pressure regulator and

thru the burner.

The temperature of the cooling water is measured, by

thermometers placed inthe pockets vcrovided at the inlet

and discharce of the arparatus. The amount of cooling water

can be regulated by means of graduated valve, thus regulating

the existing temperature difference of the cooling water,

which should be about 15° to 200 C. A thermometer is vlaced

et the exhaust gus exit and this should be maintained at

the room temperature in order not to lose any heat from the

apparatus. The condensation which will result from the

combustion of H is drained at the bottom into a graduated

beaker.

The gas meter ig fitted with apparatus to measure

existing temperature and pressure inorder to be.able to

reduce the meter reading in liters to standard conditions of

62° F and 30" Hg.

Preliminary to the test the apparatus must be in

Operation for some tire, until the condensation is flowing





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

The test mav now be started by reading the meter and shifting

cooling water end condensation to graduated beakers and

observing the temperatures. The test 'can be run for any

ienpth of time taking readiness frequently in order to get

averace conditions.

The measuring vessels used with this apparatus are

graduated in liters and the thermometers in centigrade.

The result; the weight of cooling water inkilograms times

the increase in temperaturein centigrade will therefore

be expressed in calories which are equivalent to 3.965 8. T. U.

If V ig the volume of gas consumed in cu. ft. reduced to

standerd conditions at 62° F and 30" Hg.

W the weight of cooling water in kilograms.

to centigrede, the mean discharge temperature of the

cooling water than the calorific power of the gas par

cubic foot will be.

H = 3.968 W(to —- tj) for its high value.

To obtain the low value we have to correct for the con-

Gensation in the following manner.

If V is the volume of the gas used as above, C the

amount of condensation im cubic centimeters then

h =-2.881 x C
V
 

and

H- h= HH" low calorific value.



LO

MEASURILG TIE GAS

The amount of gus pessing into the engine was measured

by a gas méter accurate within 2%. Pressure and temperature

were both measured on the inlet and outlet side of the meter.

These reedinrs were necessary inorder to obtain the amount

of gas used under standard conditions of 62° F and 30" Hg.

if P) = Pressure of standerd pas (30" He.)

Vi = Volume of standard gas.

Tj = Absolute temperature of standard gas (621.29 F)

P = Pressure of gas under meter conditions.

V = Volume of gas under meter conditions.

T = Absolute temperature of gss under meter conditions.

Then

PV, =_PV Vl. @ PVT]
Tl T TP,

Ty = 521.2 = 17.8378
Pi SO

Vi = 12373 PV
“7
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EPFICIENCY AND COMPRESSION

Besice playing an important part in gas engine design

with reference to piston speed and weight of reciprocating

parts, compressicn is one of the fundamental factions of

efficiency. The equation of the theoretical efficiency of

the sas enrine cycle is

E=zi] =-(V -—1l

ty

i= |] =

pind

Where Vg = total volume of cylinder

Vp = volume of compression space.

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

NX = the ratio between the specific heat of the gas at

constant pressure and that at constant volume and has the

average value in gas engine practice of 1.35.

Ace shown in the formula the theoretical efficiency

increases with the intensity with which the charge is

compressed before ignition. H’wever, there is a limit to

this efficiency due to the fact cf pre-ignition of some

fuels, under high compression. Lucke of Columbia University

makes a statement that the amount of compression is limited

by the amount of hydrogen present in the gas and states that.

One atmosphere must be deducted from the compression for every

5% of hydrogen present.

Thus the thermal efficiency of the heat transformation

is first dependent on the compression that can be allowed,

but it is also determined by the amount of heat that passes
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to the cooling water. Again the thermal efficiency will

vary mathematicall;, dependent upon whether the results were

derived from output taken as I. H. P. or B. H. P. and the

input derived from high or low heating value of the gas. [In

working up all our results we used B. H. P. for output and

the low heating value as the input.

The use of thermal efficiency in referring to gas

engine test is made more distinct ty referring to economy.

By economy is meant the expenditure-in heat units that is

necessary in order to get the necessary transformation, under

a certain efficiency, to do the work in the cylinder. Thus

(1) I. H. P. is equal to 2.545 heat units per hour and if

the thermal efficiency of transformationis 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 efficiency being

determined from the I. H. P.



MEASUREMENT OF AIR USED FOR COMBUSTION

The apparatus we used to measure the air, consisted of

a steel tank, two manometers with tubes tc connect, two 2-in

orifices with conneoting pipes, thermometers and ripe lead-

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

air rassing thru it. This pipe projected into the middie cf

the tank in order to avoid the eddy currents and so that

about the same amount of air would be supplied by each of the

two orifices, thus doing away with excessive suction in this

case, on either orifice. The suction was always less than

5S" of water to facilitate the use of the correct constant.

The tank was cylinderical in shape being 30" in diameter

and 40" hieh,.and was used as a receiver for the aic to keep

the cressu: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 in the pipes. These orifices were of standard

thickness (.057") 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 tnis size and thickness the coefficient remains

practically constant with pressures up to 5" of water and

does not chanee appreciably for temperatures of air between

40° and 1000 F, or for the size of receiving tank if the

ratio of the area of the tank to the orifice is greater than

26 to l.

We measured the degree of suction by boring holes in

the pipes leading from the orifices to the tank and in-

serting small brass tubes inholes thru rubber stoppers in

thes3s holes. These brass tubes were placed into the pipes

fur enough to est an averave rending on the manometers.

Small rubber tubes lead from these brass tubes to the

manometers which were of the suction type and read in

hundredths of an inch of water.

The temperature of the air was taken by a thermometer

hung infront of the two orifices to pet an average tempera—

Ture.

Thus by taking the temperature of the entering air

and tne pressure in inches of water we may vy the formula
 

W = .6209 Cd2 VI. + T find the weieht of air entering

the engine in pounds per second. In this cage the

constant (C) is 6, d =-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 Transactions of the A. S. M. E.

Vol..27, 1906.
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CONCLUSIONS

The test was run under mixtures of 5.% to 10 cu. ft.

of air per 1 cu. ft. of gas and under compression of

105 to 190/ per sq. in. The limit was reached under

which the largest load that could be carried under a

mixture of ll to le. Wo tests were run of Light loads as

it was not deemed profitable if the largest load could not

be carried. The limit of test was also reached at 190f

per sq. in. of compression. At this point preignition was

established to such an extent es was apt to damage the

engine and the test was stopped. However, preignition was

never found on the indicator card or on the comrcression

card when the spark was cut out. The only evidence of

preignition was the pounding of the engine. This pound-

inz could probably be done away with by giving 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 f.11l mixture on

B. H. P., Ie He Pw. and mechanical efficiency under different

compressions, as can be seen from the curves plotted; they

remain nearly constant. Thus all the change thet was made

by the testwas thrown into the thermal efficiency and

all conclusions were drawn from the latter. The exhaust

gas analysis was discarded after the first: compression

test was run as the two methods of measuring the air

checked,
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From this fact we feel sure that our method of

measuring alr was extremely accurate and can be vecomended

for any such work as it is far less comclicated to work

up than is the chemical analysis.

From the results of the tests the most noticable

changes were made by varying the fuel mixture, all of

which would glve about the same mechanical efficiency.

From the curves ompage the mixture that giva the

maximum thermal efficiency was a proportion of 10.5

volumes of air 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 thatwould maintain

the same conditions of load and mechanical efficiency.

These curves also show the effect of changing the

compression. This 1s also shown on page - A compression

of about 150% to 160% gave the ereatest thermal efficiency

and also the greatest economy as shown by the tabulations.

The corresponding ratio of compression ran from 6 to

8.5. A higher compression than stated would not be

advisable on account of the falling off in economy of %

from a ratio of 8 to 7.5. This is somewhat contrary to

what might be expected from an inspection of the theoretical

efficiency curve, but is probably due to the excessive

loss of heat given to the cooling water at the time of

preignition. From the curves showing the effect of com-

pression and from results of other tests, it would be
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reasonable to assume that if preignition could be srevented

a hicher economy could be reached. This preignition could be

prevented by the udmission of a@ spray of water in with the

incoming charge, which would tend to cool off the cylinder.

Regarding the cause of prelgnition, we cannot say, but from

Ovher experiments made by authorities who haves layed it to

the amount of hydrogen in the gas, we reached ea great deal

higher comcression per volume of hydrogen present than did

either C. E. Lucke of Columbia University in his "Gas

Fngine Design" or H. E. Wimperis in his "Internal Com-

bustion engine". Again it might be caused by carbon particles

in the hich heat of ignition and compression.

Acain a hieher efficiency and economy could have been

reached by changing the angle of ignition. Cerds No. 10,

11 and 12 were taven of the 654 load under ths respective

tests and sh-w a slow burning mixture thet could be remedied

by increasing the angle of ignition. For the other tests

the anple of ipnition was about right.

One peculiar feature was noticed in the experiment

and, thet was the ratio of air to gas was not constant

thruout a certainmixture under different loads. As can

be seen from some of the curves the ratio curve is not

always a straight line. This probably is due to some

defect in the pressure regulator of the gas main.

The conditions under which the enpine pave the best
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results are: ratio of air to gas = 10; compression = L50¢

per sq. in; cu. ft. of gas per B. He. Pe per hour = 21;

mechanical efficiency =-80%; thermal efficiency = 234;

load 170f and developes 40 I. H. P.

The exponent (n) as used in the formula for the

theoretical efficiency of the Otto gas engine cyclée was

determined from the compression cards by means of the

following formulas

Fe tayPo Vi

P, = initial pressure

Vz = total cylinder volume

Po = pressure at any point of curve

Vo = volume corresponding to pressure Po.

n= ratio of specific heat of the ges at constant

pressure and at constant volume.

From compression No. 1 rear cylinder.

Py = 14.7 - 10 = 4.7

Po = 14.7 + 38 = 52.7

Ve = 141 cu. in. = cleurance svace.

Vi =- 141 + 603.18 = 744.8 = total volume of cylinder.

4.7 = (141)2
62.7 744.8)

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

~ 672008 2.149219
-1.721811_ 2.871845

 

© 250287-2 0277665-1





(n).

n = 1.049713
0722455
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= 1.46

Cards Nos. 1, 3, 4, and 5 give the following value of

No.

a
o

O
O

1.45

1.345

1.25

1.49

1.386 = average.
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OUTLINE OF THST

Efficiency of a Gas Enpine as Determined by

Fuel Mixture and Com,ression.

The test will be run under different conditions of

fuel mixture with different loads and different conditions

of comoression.

1. The loads are to be aprlied by means of a watercooled

Prony brake and applied in this order; determine the

largest loud the engine will carry under operating con-

ditions and divide it up into five increments, the loads

to te applied successively. This will give five points on

all curves plotted with loads.

“@e The length of tests are to be from 50 to 40 minutes,

taking readings every five minutes.

3. R@adinrs necessary.

Gas meter.

Temperature on both sides of the meter, the inlet side

and outlet side.

Pressure on corresponding sides of the meter.

R. P. M. of engine.

Venturi-~meter manometer rexdings.

Air temperature ut venturi-meter.

Barometer reading, beginnine and end of test.

Loads.

Time.
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4. The ges is to be measured by a standard gas meter.

Samrbes are to be pumped into a tank during the test and

the calorific calue determined at the end of each test if

possible. An ultimate analysis is to be run at the same time

in order to check all work.

5. The air is to be measured by means of a suitable low

pressure orifice arranged with a by-pass for starting.

6. The compression is chanced by putting in or taking out

Shims in the connecting rod.

The amount of compression is measured by use of an

indicator and reducing motion cutting out spark at the

tims of taking card.

7. An ultimate analysis will be made of the exhaust gases,

thus giving a check on the amount of air passing through the

engine.

8. The I. H. P. is measured by means of indicator cards,

taken every five minutes, and the engine constant.

9. The B. H. Pw. i8 measured bd means of brake load, which

must be kept constant thruout the test, and the B. Il. P.

constant.

In refard to the different mixtures, the limits will be

found by tra@al and work will be carried on within those limits.

The outlet temperature of the cooling water should be

maintained as nexur as possible at 180 degrees F.

The angle of ignition is to be set at 15 deg. and is to

be maintained constant thruout the test.
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Formula for computing the weight cf air flowing thru

an orifice.

load

Formula for a 2" orifice.

W=..6299 x cd@(i z
$3)

Ws weight cf air in pounds fer seccnd.

c = diameter of Gischarge (.6 for 2" orifice”

= Pressure in inches of water.

a absolute temperature.

diameter of orifice in inches.

= ,6299 x .6 x 4 (1)%
42

a.
Ww = 1.51176 x (1)*

He

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

170¥.

1 = .73

gq
Aa

w
A
o
l
e

|

1.51176 xroy
(641.7)

W

W = .O555% per sec.

Weight of elr per test cf 30 minutes each

60 x 30 x .0555 = 99.9% air per: 30 min.

1 cu. ft. air at 62° F weighs .076081#.

Cu. ft. air drawn thru orifice No. 12 99.9 = 1314 cu. ft.
~O768081 air.
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From orifice No. @.

W = 1.51176 (.87)® = .0606# per sec;
(541.7

Cu. ft. of alr drawn trru orifice No. 2 = .QOCOGX6OxS50
076081
 

= 1467 cu. ft.

Total air used pertest cf 30 minutes 1314 + 1437

= £751 cu. ft. air.

STANDARD GAS USED Pir TEST OF 30 MIN.

P1V) = PV
TL T

P, = Pressure of std. ges (30" He.)

Vi = Volume of <td. gas used.

T; = 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.

V, = PY (7; T) += 521.2 = 17.373
" rte P} ~30

For 170 load.

Pressure Of gas in main equals 2.44 inches water.

Absolute pressure equals barometric pressure plus 2.44
L2

x 15 = .179
”

P = 28.84 = .179 = 29.019" Hp.

T = 459.2 =-7?2 _ 04 = 530.89 F.

V = 492,
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Standard gas used per test cf 50 minutes.

V, = (29.019 x 462) x 18.373 = 467 cu. ft.
(530.8)
 

BRAVE EORSE POPER,

Be He Pe = 2 X GS.1416 X Win

35000

2 X 3.14615 1 = .00065 = brake ccnstant.
55000

B. He. Pe = .0006 x 170 x 308 = 31.4

INDICATFD HORSE POWER.

I. He Pe = Plan _
53000

la = .00086 = Engine constant rear cylinder.
33007

la = .000812 = engine constant front cylinder.
35000

I. Ew Pe rear cyl. = .00085 x 73.862 x 308 = 19.52

I. He. Pw. front cyl. 2 .O00812 x 74.75 x 308 = 18.7

Total I. H. P. 2:19.52 + 18.7 =-35.22.

MECHANICAL EFFICIFXNCY

 

B. H.P. #=31.41 = 82.2%
I..H. Pw. 38.22

THERMAL EFFICIENCY

B. He. Pe. in heat units
eg

B. H. P.in gas.|
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31.41 x 33000 x 30 = 14%
77e x 467 X 5S2
 

Cubic feet cf pas per B. He. Pe. per hour.

e x 4€7 = 29.7 cu. Pt. pas per B. H. P. per hour.
51.41
 

Heating value end air reculred for combustion from

chemical analysis.

Heating value (low)

H = 275 x .32 2 88

CH, = 910 x .216 = 197

CO 2:34 x .145 = 47

CoH, = 1512 x .0145 = 22

COp = O x .0245 a: 0

O =0 x .245 =. Q

Totel - - - - 531 B.T. U.

Air Required.

H = .£82 x 2.4 =: o71

CH, = .216 x 9.61 = 2.08

Coq =-.0145 x 14.3 = .20

CeHg = .05 x 36 = 1.80

CO = .10% x 2.4 = 228

O.05 cu. ft.

&.4 COo in exheust:

2245 f fn £Aa8.



82110146“40516.
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5.65 = 1.98 2x1.¢8 = 6.930 in excess.

3
 

ee45 OC in gas.

1.2£ 0 in exhaust

2leech O in exreust from gas.wn

3.98 - 1.25 =.2.71 0 in excess. Air is 21% 0.

21 = 5.06 x = 6.74 air/ cu. ft. gas.
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CALORI:ETER TEST.

Temp. inlet water = 135.59 C

" outlet " = 44,59 C_

Difference 30.9 C

Liters cf coolinre water = 4.81

Condensation = 21 cc

Gas pressure = £.5" = .1839 He.

" Temperature = 21° ¢

Liters of gas used. = 30 at meter...

PV = PIV
T Ty

PT)

St. conditions are 62° F and 30" Eg.

620 F = 16.660 C

Barometer =-29.04" Hg.
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V =.(29.04 + 21939) (30 x .0353) (273.1 + 16.68)

V = 1.C15 CUe ft.

Heatire value = Liters coolinse water times difference

in terperature.

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

= 4.81 x 30.8 x 3.969
1.015

= 523 B. T. U. Righ value.

Heat of condensaticn =.

2.581 x ce of condensation
Cu. ft. of vas burned

= 2.381 x 21
1.015
 

= 49.2 B. T. U.

583 - 492 = 533.8 B. T. Ue. Low value.

Ratio of compression.

Distlacevrent Rear Cyl. = 603.18 cu. in.

" Front " =m 6550.02 " "

Clearance rear cyl. = 1461 cu. in = 23.4%

n front " = 138.5 cu. in =-25.2%

Ratio of compression = Total volume
Clearance.

Front Cyl..= 550.02 + 158.5 = 4.97
13€.5
 

Reer Cyl. = 603.18 + 141 = 5.28
141
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