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PREFACE

During the last few years the internal combustion
engines, in both the stationary and portable types, have

reached, as regards the mechanical construction, a high
The simplified construction and

the first cost has brought
the use of this type of prime

arge use of internal com-

degree of develorment.
the attendant reduction of
about a marked increase in

mover. Coincident with the

bustion engines has arisen a problem of efficiency.

In all kinds of internal combustion engines the com-

pression pressure plays an imuortent part in the effic-

iency derived from that engine. The theoretical effect
of increasing the compression, and the commercial limits
to this increase are very important. In running test to
determine the most efficient comuression pressure the
yroblem ¢f economy is dealt with only as a minor subject.
The subject matter of thermal and mechanical efficiency
is of prime importance.

Different fuels will stand varied degrees of compression
but we are limiting our test s to the use of illuminat-
ing gas. It is our problem to determine the most effic-

ient compression pressure, all other things being as

nearly constant as possible.
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GEIIFRAL DESCRIPTICIN

The object of this thesis wis tc determine the most
efficient pressure for the Elyria Gas Engine in the
M.A.C. Mechanical Engineering Laboratory by running
efficiency tests under constant conditions. The differ-
ent compression pressures were to be obtained by chang-
ing the length of the connecting rod.

The engine on whioch this test was made is the "Little
Big Fngine", of the tandem, single acting type, built
by the Elyria Gas Engine Company. Elyria, Okio. It has
a twelve inch stroke and two cylinders of 8.5" diameter,
each. It developes 35 H.P. at 325 R.P.M. The piston rod
which is 2% in diameter runs through the front cylinder

to the rear, thus reducing the piston area of the front

cylinder by 3.1416 sqg. in.
The connecting rod is so m:ude that it can be lengthened

by inserting shims near the crank pin box. For lower com~-
pressions there is a connecting rod l.25 inches shorter
than the first. By means of these two rods and several

shims the compression can be changed from 7C pounds to

190 pounds.
A good idea of the external appearance cf this engine

mzy be had from the accompaning photograrh.
The speed c¢f this engine is controlled by a constant

quality governor which is guaranteed to govern within

tvo per cent of the mean speed.
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A8 fuel the engine burns « mixture of air and illum-
inating gas. The gas was taken from the mzins of the
Lansing Gas Co. Before the gas enters the manifold it
passes thru an Equitable gas meter which registers tenths
of cubic feet. Manometers in the gas line at the entrance
and exit of the meter show the drop of pressure of the gas
as it passes t hru. Two thermometers register the temp~-
erature of the gas as 1 t enters and leaves the meter.

To determine the amount of air used as fuel a special
measuring device was built. This device consisted of a
long cylindrical tank fitted with two 2% orfices in o ne
end and connected from the other end to a 3" pipe lead-
ing to the manifold. A manometer measures the drop in
pressure betveen the air outside and the air inside of the
tank. The tank is also equiped with a thermometer. The
metheod just described is known as the R.J Durley's
method.

The indicators used in connecticn with this test were
Crosby outside spring indicators.

An ordinary prony brake was used to maintain a constant
load on the engine.

For starting, comiressed air is admitted to the rear
cylinder at regular intervals by a cam mechznism which
turns over the engine until it is operated on gas.

Seven thermometers were used to aid in regulating the
temperature of the cooling water.

Other auxiliary apparatus which was useful in tais test
wvas: a watch, foot rule, engineer's sc.le, speed counter,

log bvoards and weighing scales.



The Elyria gzis ensine on which the test

/a3 made
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PROCEDURE

It has been stated by good authority that very few tests
of this nature have been run without any mishaps. We
found no exception to this rule. After numercus delays
such as burned out bearings, worn packing, bhent riston
rod, etc, we succeeded in finishing the experiment. Ve
have, however, endeavored to use due czre in performing
these tests so that the results can be relied on.

To determine the most efficient compression, five tests
were mode, & different length of connecting rod being
used with each test. Each test was composed of a series
of ruhs. five in number, one for each load. These runs
covered a pericd of itwenty minutes during which the load
was kept constant by a prony bruke. The different loads
wexre, zero, guarter, half, three-quarter, and full load.

Before starting the engine we noted carefully that
everything was in running order, suck as bezrings, 0il
cups, cooling system, etc..Then the engine was set so
that when compressed air was admitted to the rear
cvlinder it would start the engine. The engine was
alloved to run for several minutes so thnt it would be
properly warmed up when the first readings would be taken.
In the meantime the indicators were attached, the temp-
erature of the cooling water was regulated by the adjust-
ment of valves provided for that purpose, and a trial
reading of R.P.lM. was taken. As the greatest efficiency

can be had when the engine is running at a high tempera-

ture, just enough cooling water was allowed to pass thru
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the Jjackets tc pLrevent over-heuting. Ve first made a
preliminary run tc determine the range of load that the
engine would carry without the speed f:lling bvelow 25 of

the mean R.P.lL.

The first run was mide with the brake entirely loose.
At o predetermined instant the ®"no load"™ test was begun.
Two men took the folloving readingss Gas meter rezding,
pressure and temperature of gas entering and leaving the
meter, cooling water temperatures, menometer readings on
the air meter, and temgerature of air passing thru the
meter. The weight of cooling water used woas also obtained.
The third man took indicator cards and recorded the R.P.IlL
Ten minutes later a similar set of readings were teken
againe At the end of twenty minutes the final readings were
recorded and the brake was set to mointain the next nigher
load.

When the readings ond cards h..d been t:ken for the five
different loads, we obtained compression cirds in tre fole
lowing mennert At full load the spark vwas cut off by hold-
ing down the push rod c¢f the spark brezking mechonism so
that the cam would not touch ite During this interval
< ecard was taken, the indicator drum being oyperated by
hond. The cards thus obtained, instead of looking like
ordinary cards, resembled a series ol peaks and valleys.
The distance between the atmospheric line and one drawn
thru the peaks, when reduced to scale, wwill equal the

compressiocn Lressure at full load. As & precaution
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arainst errcr severzl cazrds were taken for ecci cylinder.
Ve used 100# and 150 indicator springs for this purpose.

For no load and quarter load a 1005/ syring wus used.
150# and 200# springs were inserted for the respecfive
remaining loads.

The onliy preparation necessary for ti.e next test was
the lengthening cf the connecting rod. This was done by
inserting a half inch shim. The second test wzs run in
& similar manner as the first. We however, had trouble
with the ignition. At times the engine foiled to carry
its load bec:zuse of misfiring. We remedied this trouble
by adjusting the locknuts on the ignition push rods.

To obtain thé desired compression for the third test
we inserted z guarter inch shim, which, with the half
inch shim alrezdy in use, reduced the clearance vclume
by «75 times the piston zrez. This test was run without
any mishaps.

For the fourth and fifth tests the shorter connecting
rod v:.s used. Three quarter inch of shims were used to
bring about the desired compression in the fifth test.

All barometric pressures were obtzined from the U.S.
wveather bureau, at Fast Lansing, Mich.

The heating value of the gas was obtained from the

recordes of the chemical engineering department at

I\Io Ao C .
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1l.

CONCLUSIONS

The tests .'hich were m-.de wwill herexitexr ve referred to,

~g, A, &, C, T, E, whose res:ective com.ression pressures

L, E, wvh
are 1207, L4857, 18557, 704, 9357,

43 hes been stated before we h..ve endeavored to use
due c.re in .erformin; these tests so th.t the resulis
cun relied wson for comparitiive pur,.oses.

ifter . c.reful ex:mination of the curves ond tosula-
ted results we hove come to ithe conclusion that the engine
runs most efficiently witia the compression r.n.;ing from
63 to 120", At Tirst sight it is difficult to decide

T e

wwhien < the {0 compressions gives the better resulis.
Yhen using . 1:0: compressicn pressure, .. f.r betiter
mechonical efficlency is obt..ined. In the other hznd, the
aver..se therm:l efficiency is higher and the engine
consumes less Juel _er 3.H.P. Hr. vhen .. ¢5* com,.ression

is maint..ined.

Vhen the engine is Lullin; « 25 H.¥. loud,u 93§ com.res-
sion is %est, vecwuse the efficiencies are comu..ratively
high witain th.t range.

A 120 com_ression is ves:t for a 35 .. loxd bec.use
9f tl.e following re.sonss

a. In this test the ensine develo.ed 33 l.P. without

Rl g

the speed Sf:lling 3. below thc mean R..o.ll
. The thermal ..nd mech:unical efficiencies are
procticlly oo high ws thel were in test E in vhich only

281.72. w2xs developed.

¢. Tne engine consumes only 2 small amount of more



Gas per Z.H.2. Hr. for & 33 H.P. load th-n it do

iL -:_3 II.-:. lOdd-
In _ceneral tie curves obtained are fairly smooth and

regular. In the case of test .. any irregul:irities in the

curves ..re due to the trouble waich we encountered with the
ignition. For the fluctustions ¢f tie R.2.Il. we »l.ced the

bl.ume on the governor which w.s not sensitive encuzgh to

meet the emergency.
In a:l of the tests the hischest therm.l efficiencies

are sdbout tiie srme. A .nrently tiaey do not seem to increase

with tlie com ression pressure. In com.aring the thermal

efficiency curves, we Iind ta..t they differ only in the
relative time in which they reach 2 conztant vilue. In tests
A and E they rise quickly =t the start, while in the other

£
tests the slope is more gr.duzl :t first. In tests B anc

D the therm:l efficiency curves fall ofter tie 20 H.P

»oint has been passed.
The air and as ratio should remain constant for

ligat and hezvy lowds vec-.use the en~ine is equipued with
. constant quality gsovernor. In this m.tter we found some
to 6 -1

discrepances; the ratio drous from 10 - 1 at no loxd

This is due to tne inadegurte desizn of the

P T I
av fuai 1oade

sovernor.

It wos our intentions %o m:ke a more exhaustive test

than we h:ve. But, bec:use of the shortened ierm ond because

of engine trouble, we are unable to give more complete

results.
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