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REP(IRT No. 250

OF TEE N. A. C. A. UNIVERSAL TEST ENGINE AND SOME
TEST RESULTS
By M,45sDE2i W.mE

SUMMARY

This report describes the 5-inch bore by 7-inch stroke single cylinder test engine used at the
Langley FieId laboratory of the National Advisory Committee for Aeronautics in Iabomtory
research on internal-combustion engine probIerns and presents some resuIts of tests made there-
with.

The engine is arranged for -variation over wide ranges, of the compression ratio and lift and
timing of both inlet and exhaust vabes while the engine is in operation. Provision is also
made for the connection of a number of auxiliaries. These features tend to make the engine
universal in character, and especially suited for the stud-y of certain problems involving change
in compression ratio, valve timing, and M5.

Incidental to investigations of carburetor and fuel injection engine probIems considerable
data have been obtained @ich indicate the effect of changes of compression ratio on friction
horsepo~er and volumetric eflicie~cy. From this and some other work, it appears that with a
change in compression ratio from 5 to 13, the friction horsepower obtained by motoring the
engine increases by about 15 per cen~. The volumetric efficiency of the engine was found to
remain practicality unchanged bet~-een compression ra ties of 5.3 and 7.3 with carburetor opera-
tion and between 9.5 and 13 -with fuel-injection operation.

The results of some tests are presented also that show the power obtained when operating
as a carburetor engge on aviation gasoEne a.tcompression ratios in excess of that which -wiU
permit fuII throttle as a normal engine and controlling detonation by throttling the iniake
charge and by varying the inlet valve timing. For fixed compression ratios in these tests
throttling gave the least power whiIe variation of the inlet valve closing time with the opening
time kept fixed gave the greatest power for the conditions tried.

INTRODUCTION

In order to obtain reIiabIe results from Iaborat.ory research, it is necessary to control aH
~ariabIes not under inves~igation. Ti%en deahg with internal combustion en=tie problems,
this is usually -rer-y difficuIt to do. For example, if, in the examination of the effect of a change
of compression ratio on engine performance the compression ratio -ivere varied b-y changing
pistons, it wouId be dif6cuIt to obtain the same tl~ of pistons and ring-s and to insure identicaI
conditions of lubrication and cooling in the various tests. In addition, atmospheric conditions
of pressure, temperature, and humidity would probably change while such alterations were
being made and would need to be taken into consideratfonin the anaIyses. These diElicuMiescan
be eliminated by using an engine specially constructed for changing quickly the variables under
investigation without changing other vmiabIes.

For the tests mentioned in the previous paragrap~, mosk of the incidentd variables would be
practicality eliminated for direct and succeeding observations if the compression ratio could be
altered in a few seconds time and without chan=tig pistons. By the use of suitable auxiliary
equipment for the control or the measurement of humidity, pressures, and tempwatmres of the
air and the temperatures of the oil and water, the effects of these variabIes may be eliminated
or determined for protracted series of bests.

Arrangements can be made for the ready alteration of other engine variabIes and for the
connection of various accessories, thus providing a unit suitable for carrying on a large variety
of internal-combustion en.tie research problems with greater facility and with greater reliability
of retits than would be possible otherwise.
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PART I

DESCRIPTION OF THE NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
UNIVERSAL TEST ENGINE

T!ue National Advisory Committee for Aeronautics universal test engine is a single cylinder,
four-stroke cycle engine designed especially for laboratory research on internal-combustion
engine problems. Figure 1 shows a three-fourths rear view of this engine and Figures 2 and 3

show the general construction. The engine is of rugged design to insure long service without
detailed attention. Bali and roller bearings are used in place of plain bearings to a large extent

FIG. 1.—N. A. C. .4. universal test engine

tending to stabilize and minimize bearing friction Iosses. The bore of the engine is 5 inches
and the stroke is 7 inches. There are two exhaust valves and two inlet valves all of the same
size. Th~~.valves are operated by rocker arms from overhead camshafts.

Provlslon is made for altering, during operation, the compression ratio and the opening
angle, cIosing angle, and the lift of bot~the exhaust and inlet yalves. Control of these variables
is arranged so that each may be a~tered independently of the others. The compression ratio
may be changed from 4 :1 to between 13 and 15 :1 according to the valve lift used and with
the piston shown. The opening and closing time adjustments of the inlet and exhaust valves
have ranges of 50° each, so that the valve opening periods may be increased a total of 100°
from a minimum of about ZOOO. The timing corresponding to the minimum position mhy be
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altered by ckvging the setting of the vaIve operating gear train in the usual manner. The Met
vaIve lift may be changed from & to & inch and the exhaust valve lift from & to ~ inch.

The engine construction provides for the connection of various accessory apparatus such
as ignition timer, fuel injection pumps, pressure indicating instruments, etc.

COMPRESS1ON R~TIO AND V.iLl’E-’HNDNG CONTROLS

The mechanisms used for changing the compression ratio and the valve timing are probably
the most interesting features of the en~ine and
vdl be described first.

The compression ratio is -raried by mov-
ing the cylinder unit vertically, the shroke of
the piston remaining fied, thus changing the
clearance -roIume. The manner in which this
is accomplished can be seen by examination of
F@re~ 1, 2, 3, and z.

There are four main parts to the cyIinder
construction: The guide, jacket, barrel, and
head. The jacket, barrel, and head form an
assembIed eyIinder unit that is movabIe with
respect to the crank case and guide for the
purpose of ~arying the compression ratio.
The guide is bolted rigidIy to the crank case
and provides the means for guiding and fasten-
ing the movabIe cylinder unit. The barreI fits
within the jacket, which in turn fits within
the guide.

Threads formed on the outside and bo ttom
of the cylinder jacket engage an interrdy
threaded ring, which surrounds the jacket and is
restrained from moving vertically b.y the guide.

,
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FIG. ‘L-View cd cylinder guide,: acket, and bard from bottom, with
handwheel and metiankm for effccfitig change ~fmmpr~i~n mtf~

Rotation of the ring ~, there fore, -cause-the cyLinder and head to be raised or lowered according
to the direction of rotation, hhe jacket being prevented from rotating by means of a key fitted
permanently in the cyhnder jacket, but free to slide in a keyway CULin the cylinder ~~ide.
The ring is rotated by a worm meshing with teeth formed on the outside of the ring, a handmheel

FIG. 5.<alibration curve of cylinder aft .XNKWr

mounted on the same shaft with the worm
pro~iding manual controI.

In order to relieve the threaded ring
from the necessity of taking the entire ex-
pIosion load while power tests are being
made, the cylinder jacket is cIarnped in the.
guide. For this purpose, the cyIinder guide
is split vertically and is provided with means
for clamping the guide around the jacket by
the hand lever Iocated on the side of the
guide and iramcdiateIy above the viorm and
threaded ring construction and shown in
Figures 2 and 3.—

A counter is geared to the worm shafb
to give the position of the cylinder and head
with respect to the crank case. The com-

pression ratio is readiIy ascertained from the counter rea&ng by use of a calibration curve
obtained from actual measurement of the cleirance voIume at a number of different positions of
the cylinder. If iti is desired to make a kest ak a definite compression ratio, the cyIinder is
moved to obtain the counter reading corresponding to this compression ratio. Figure 5 shows
a ci-dibration curve for the piston shown in Figures 2 and 3.
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The timing of the opening and cIosing of the valves is varied by the use of three part cams.
The central part of each cam is fixed directly to the cam shaft by met-ins of splines while the two
outside parts can be rotated independently with respect to the central part and to each other.

All three parts of the cam ‘nave the same contour so that when they are aligned they act
m R single broad face cam. Displacements of the outside parts from the aligned position are

F~G.&-Camshaft assembly—cam parts displaced slightly from aligned position

made in opposite directions so that rotation of one of the outside parts varies the opening point
while rotation of the other in the opposite direction vauies the closing point. When both outside
parts are displaced from the aligned position, the dwells of the three parts form one continuous
dwell. The dwell of the movable cam parts must be at least equal to the angular variation of the
parts from the aligned position. In this engine the dwell of the inlet cam is 50 crank shaft degrees
and the dwell of the exhaust cam is 80 crank shaft degrees ~yith both inlet and exhaust cams

I

FIG. 7.—Cam-shaft assembly—cam parts displaced their maximum amounts from aligned Dositlo~

aligned. l?i~ure 6 shows a cam shaft assembly with the three cam parts nearly aligned; Figure
7 shows the three parts at their maximum displacement position.

Fig~lre s is a sectional view of the operating mechanism. Each outside part of the cams is
formed on the end of a sleeve, A, splined internally with helical splines. A bronze bushing,
B, surrounding each sleeve, A, and pinned to the cam shaft housing, C, retains the parts of the
cams in their proper axial Iocation on the cam shaft and serves as a bearing for the cam shaft
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unit. Another sleeve, D, is located between the cam shaft and the sIeeve thafi carries the outside
cam part. This sleeve dides on straight axial sphnes on the cam shaft, E, while at the same time
external helical spIines cu~ on the outside of D engage internaI helical spIines in A.

.& a res~t of this sp~e Comtruction, a.+fl movement of sIeeve, D, will cause reIative rotsL-

tion between the cam shaft, E, and the sIeeve, A= Since the center part of the cam, F, is splined
directIy to the cam shaft, the outside part of the
cam, A, will be rotated relative to the center part,
F, and the -ralve opening or closing point -wiI.l be
changed according to which outside part is rotated.

S1eeve, A, and intermediate slee-re, D, rotate
with the cam shaft when the en=tie is in operation.
Since it is desired to \-ary the valve timing while the
engine is in operation, it is necessary to provide for
the axial movement of slee-re, D, by some method
thah wUI permit its continued rotation during the
adjusting operation. A third sIee-re, G, provided
with an interred flange, serves as a shifting collar
for sleeve, D. Internal threads are provided on
slee-re, G, which engage with threads formed on
stationary sleeve, B, for a considerable portion of its
Iengfih. Gear teeth cut on the outside of G mesh

;.+7__., ...<,.,, .,., ,,, ,. ,,. . ,.-,,.,:,..:,:,... , . ,4.,.,.!.,..,

cl

FIG. %-DetaiI of mechanism for making cam adjustment

with a small hand operated -worm, H.
Ro~ation of the worm causes G to move a.xialy with respect to the cam shaf~ in turn shift~g D
on the cam shaft and causing re~ative displacement between the parts of the cam whether the
cam shaft is turning or is stationary.

The earns operate the valve by direct action on rocker arms, each pair of vaIves being
actuated by a single rocker arm.

.—

43.->.-. -a—.%---

FIG. 9.—Ro&er arm and homing

Yariation of valve lift. is effected by changing the position of the rocker arm fuIcrum by
means of the mechanism shown in”Figures 3 and 9. The fuIcrum is formed by a small hardened
pin bearing against a hardened plate fastened to the rocker arm, the line of contact between
the pin and the plate forming ihe fulcrum axis. The rocker arm is constrained from changing
its position with respect to the mdve and cams by trunions machined on the outside of the rocker
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mm carried in bloclis free to move in the rocker arm housing only and parallel to the valve
stem axis. The hardened pin is mounted in a bIock that is movable with respect to the rocker
arm housing. The fuIcrum point is changed by turning a small handwheel mounted on a
threaded shaft, the threads in turn producing linear movement of the bIock carrying the fulcrum
pin.

All the handwheels controlling the valve functio~s are geared directly to revolution coun-
ters, the counter readings giving the value of the timing and lift of the valves.

GENERAL CONSTRUCTION

The engine has heavy mounting flanges integral with and extending the full length of the.
cast-iron crank case. This construction permits of ilexibfiity in the mounting of the engine
on dynamometer equipment with the use of the usuaI parts of this equipment for the testing of
engines and without aIterat,ion of the crank case or provision of a special base.

The crankshaft is ca,rried by two Iarge baI1 bearings and one roller bearing. The roller
bearing is Iocated on the gear end of the crank shaft and is mounted directly in the main crank
case casting. The two baII bearings are located on the fly wheel end of the crank shaft and are
mounted in a cylindrical cast-iron cage which is mounted in and bolted to the main crank case
casting, Removal of this cage effects removal of the crank shaft and bearing assembly from
the crank case.

The cylinder structure has been described partially under the description of the conl-
pression ratio changing mechanism. A long annular space is formed between the jacket
and the barrel which provides for circulation of the cooling water. The cyIinder head has a
cored water jacket with no internal communication with the cylinder j acliet, This construc-
tion permits separate control of the flow of the cooling water to the cylinder and head and
consequently permits maintaining different water temperatures for the two parts. The guide,
j ac.ket, and head are iron castings and the barrel is a steel forging.

Three openings are provided in the head for the hsertion of spark plugs, fuel injection
valves, pressure indicating devices, etc. These openings are provided with standard metric
spark plug threads. Two openings are located on opposite sides of the head; the third opening
is located in the center of the head. SeveraI threaded openings into the jacket and head are
provided for connecting cooIing water fittings.

The piston and connecting rod shown in Figures 2 md 3 are standard Liberty engine
parts.

Two cam shafts are provided, one for the inlet valves, the other for the exhaust valves.
These two shafts are driven from a vertical shaft by helical gears. The verticaI shtift is in turn
driven by the crank shaft through bevel gears. The vertica~ shaft bevel gear is mounted directly
on a relatively short hollow shaft having internal splines which engage splines on the lower
end of ihe vertical shaft proper. This construction permits the upper shaft to move vertically
with the cylinder. The crank shaft bevel gear furnishes aIso the drive means for the water
and oiI pumps.

The ends of both cam shafts and the top end of the cam driving vertical shaft extend out-
side their housings to provide driving means for various auxiliaries, such as ignition timing
mechanisms, indicators, etc. The crank shaft bevel gear is spIined internally to provide a
driving means for other auxiliaries, such as fuel injection pumps, which may be fastened to
the rear of the engine base.

The oil pump is a combined scavenging and pressure pump. The scavenged oil is carried
off to an external reservoir. The oiI from the pressure side of the pump is carried through
drilled passages in the base to the front of the engine. The path divides at this point, one
path leading to the cam shaft mechanism, where the flow to the various parts is regulated by
three sight-feed adjustable. oilers, the other path leading to the crank shaft through a bronze
casting that rides on the crank shaft. Passages are drfiled in the crank shaft for the Iubricafiion
of the connecting rod bearing. The bearing in the crank case, the piston pin, and piston are
lubricated by oil thrown off the connecting rod bearing.
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ENGINE TEST EQLUP31ENT

i% the use of this engine for research, certain auxiliary apparatus are necessary for measuring
various quantities af?ec%ing the performance , or entering the performance determinations.
WliIe the number and type of such auxiliaries will -mu-ywith the kind of work, or the part.icukir
iri~estigation undertaken, there are a number thait enter into a Iarge percentage of the Fork
and may consequently be considered to be combined with the en=tie to form a research unit.
The chief auxiliary items of equipment med with this engine are an electric dynamometer, a
gasometer, fuel and water measmtig apparatus, air, oil, and water temperature regulating appa-
ratus, exhaust handling equipment, and special carburetms and fuel injection apparatus.

The ele.cbtic dynamometer not ordy serves as a readily adjustable and convenient brake
for a~sorbing the pom-er developed by the engine, but also provides the means for motoring the
engine. The torque required to motor the engine or that produced by the engine when it is
developing power, appears as torque on the dynamometer fieId housing. The housing is mounted
on balI bearings and therefore can swing free in its support pedestals. An arm fastened to the
housing acts on a scale which resists and indicates the torque on the housing. The power
developed in power tests or that required in motoring tests is determined from the torque and
speed of revolution. The speed of revolution is determined by a tachometer and an electrically
operated revolution counter and stop watch.

The gasometer or displacement meter is used in connection with an automatic timing mecha-
nism for giving the time for the consumption of a given ~oIume of air.

Three methods are used in measuring fuel-consumption rates. One method consists of the
measurement of the time for the consumption of a giwn vohrme of fueI. This method requires
frequent determinations of specific gravity of fuel used where weight of fuel is desired. The
second method consists of the measurement of the time for the consumption of a given weight
of fuel, measures the weight direti~l-y, and is used for most work. A third method empIoys a
calibrated orfice where the rate of flow is a function of the loss of head in the passage of the fuel
through the ofice. This method is -valuable as a means of indicating quickIy the approximate
rate of fuel flow following carburetor adjustment and is used in conjunction with one of the other
more accurate methods.

An electric resistance type air heater is provided behveen the gasometer and the carburetor
to enabIe the i.det air temperature to be controlled. Oil and water temperafiure regulating
means are provided also for controlling these temperatures. Temperature indicating detices
are prcmided at appropriate Iocations. A blower and piping system are used to carr-y the exhaust
gases away from the en~e ~d deliver them outside of the buildhg.

In the comparison of the relative performmce with two di.ilererd fuels, a carburetor has
been used that has two throttles and two distinct metering systems and float chambers, but
a single air inlet and single mixture exit. One fuel, which may form a standard of comparison,
is used in one side of the carburetor, whiIe another fuel, which may be the fueI to be compared,
is used in the other. The controk of both throttles are carried to the controI board, and the
operator may change fuels instantaneously by opening one throttle and closing the other.

Fuel injection pumps are attached to the engine for fuel injection engine work. In this
work the fuel fed to the pump usualIy is required to have a pressure of over 100 lb./sq. in. A
small gear pump used for this purpose, fuel weighing apparatus, and supply tank are mou~ted
on a stand, forming a compact primary fuel system.



PART H

SOME RESULTS OF TESTS WITH UNIVERSAL TEST ENGINE

An engine of this kind is especially suited for the study of a number of problems that have
received som~ attention in the past, but under condi~iom which in most cases have, of necessity,
included undesirable variabIes. Of interest among such problems is the effect of changes in
compression ratio on volumetric efficiency and engine friction. While this engine has been
used very litt~e in the direct stuiy of these problems, considerable data having a bearing on
these relationships have been obtained incidental to work on other problems md h~vc been
assembled for presentation in t~~isreport. Some resuIts obtained in an examination of the
ground level operation of the over-compressed engine in which the variable valve timing features
entered are aIso presented.

VOLUMETRIC EFFICIENCY AND COMPRESSION RATIO

Air measurements taken during a large number of tests made in connection with a car-
buret or engine probIem invo~ving a totaI of 83 observations at compression ratios of 5.3, 6.3,
and 7.3 are used in the consideration of the effect of compressio~ ratio changes upon volumetric
efficiency. Volumetric efficiency as used in this report is defined as the ratio of the actuaI
volume of air drawn in by the engine on each cycle when reduced to the temperature and pres-
sure conditions of the air at the engine to the displacement volume of the engine. No difference
in volumetric efficiency in excess of 1 per cent was noted between the average values for the
three compression ratios.

Air measurements taken in connection with a fuel injection compression ignition problem,
iuvolving 80 observations and covering compression ratios from 9.5 to 13, show a similar effech.

The results of the two series of tests are not directly comparable since any influence on
volumetric efficiency of fueI vaporization on the suction stroke in the carburetor work does not
appear in the fuel injection work with the fuel injected near top dead center on the compression
stroke. Consequently no attempt is made to estimate the effect over the entire range of con~-
pression ratios from 5 to 13, The test conditions in each set were maintained practically
constant with sufficient variation in air-fueI ratio in the carburetor runs to permit elimination of
the effect of this variabIe in this ana~ysis. The two sets of resuIts are, therefore, comparable
in themselves.

Ricardo gives results of a test of the effect of a change in compression ratio from 5:1 to 7:1
in which the rate of air flow was reduced from 209.5 lb./hr. to 190 lb./br.-a change of 10 per
cent. (Reference 1.) No difference of this magnitude was noted for any of the large number
of points providing the information presented in the previous paragraph and it appews evident
that in so far as these tests on the universa~ test-engine are concerned the effect of comprmsio n
rakio on volumetric efficiency, for a considerable change in this ratio, is so small that i~ is of
littIe practical importance.

ENGINE FRICTION AND COMPRESSION RATIO

A large number of tests have been made in both carburetor and fueI-injection work during
which measurements of friction horsepower were made by motoring the engine with the dynamo-
meter. These tests covered compression ratios from 5.3 to 7.3 and 9.5 to 13. The results of
these friction measurements pIotted against compression ratio, togekher with a series of inde-
pendent motoring tests for the compIete range of compression ratio from 5 to 13, are given in
Figure loe The independent motoring tests were made with oil and water temperatures main-
tained by means external to the engine. Four distinct groups of results are given for the same
speed of revolution but with oiI and water temperature conditions different between the groups
although constant for each group.

47s
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Curves A and B give friction mean effec~ive pressures obtained from the friction horse-
power tests taken immediately after power tests, while curves C and D appIy to the independent
motoring tests. Curve A is hhe a~erage curve for the result obtained in connection wikh full
throttle power runs on a. carburetor engine problem and was obtained by careful consideration
of over 104 test points. Curve B is the average curve for the results obtained in connection
with a fuel-injection engine probIem and includes 78 test points. Curve C is the average curve
of a series of independent motoring tests during which the compression ratio range shown was
traversed repeatedly in opposite directions and the observations taken as rapidly as possibIe.
None of the points taken departed over 2 per cerk from the curve shown. The tiwo points
designated D are data for independent motoring tests, taken some time previous to the other
group.

While there is considerable vertical displacement betmeen the groups, they are consistent
as regards slope and it is evident that friction horsepower, as measw-ed by motoring tests,
increases with increase in compression ratio. The vertictd displacement between curves A and
B is probably due to a ~erence in kind and temperature of lubricating oil used in the tiivo
groups of tests and to fits of pistons and rings which were changed during the time that eIapsed
between the two groups of tests. Both curve A and curve B show practically the same rate of

FIG. 1%-Ef&t of change in compression ratio upon ?7.M. E. P.

increase in friction as curve C over the range of compression ratio covered by A and B. As a
result of this, it is assumed Lhat curve C is a fair representation of the order of change in friction
with change in compression ratio for observation taken immediately after power runs. This
curve shows an increase in friction of 15 per cent for a change in compression ratio from 5 to 13.

. The extent to which these friction results can be used to give the difference between indicated
and brake powe~ for act.ud power operation can not be stated definitely from theoretical con-
siderations alone. In motoring tests, the increase in friction with increase in compression rabio
is due primarily to two causes. First, the increased pressures accompanying increased compres-
sion ratio wfi cause greater mechanical friction losses, due primarily to greater piston ring
friction and piston side thrush. Second, the operations of suction, compression, expansion, and
exhaust during the motoring tests may be such as to require greater vork input with incremed
compression ratio. Due to leakage past the piston and rejection of heatt to the jacket, au of the
work of the compression stroke will not be returned on the expansion stroke. The difference
between the work for these two strokes will increase wihh increase in compression ratio.

When the engine is under power the conditions are somewhat different. Piston side
thrust wilI increase more with a change in compression ratio when the enagine is developing
po~er than in motoring tests where an increase in compression ratio is accompanied by an
increase in mean effective pressure. Indicator cards taken under power show the work done by
the engine on the compression and expansion strokes and that required to overcome pumping
losses on the exhaust and inlet strokes. Whale there me actual losses due to heat rejection and
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leakage past the piston during the compression and expansion strokes in power runs, indicator
cards taken during power runs do not show the work required as a result of these losses as they
do in motoring tests, Friction power taken from differences of indicator measurements, and
broke measurements gives then the purely mechanical Iosses while the friction power taken
from motoring tests involves a lower mechanical loss, in so far as the lesser Ioads produce Iower
friction, and also includes the lost work that results from piston Ieakage on the compression and
expansion strokes. Brief theoretical consideration of the infIuence of change in compression
ratio on the components of friction discussed indicates that the order of the change of friction
with change in compression ratio from indicator and brake measurements may be the same as
that obtained from motoring measurements.

The relation between the friction losses of an engine as determined by motoring test and its
friction when developing power can be determined by tests in which accurate indicator diagrams
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FIG. Il.—Effect of change in compression ratio upon 1. M. E. P.
when audible detonation is limited by closing thrott~e or
changing inlet valve timing

are taken. Tests have been made by the Air Min
istry of Great Britain (Reference 2) for the purpose
of investigating the relation between frict~on power
Iosses m measured by motoririg tests and those
obtained by taking differences between indicakor and
brake power measurements. These Air Ministry
tests were made at only one compression ratio and
show the effect of the character of the combustion
upon friction determinations by the two methods.
At high loads and with a retarded sparli the t~vo
methods gave similar results; with normaI spark the
motoring method gave resuIts 15 to 20 per cent lo~rer
than the indicator method, and for advanced spark
the di.fTerence was increased to 20 to 45 per cent..

Motoring power is used as friction horsepower
i~ nearly aII test work so that the results obtained
witih this universal engine and presented herewith
are of interest and may appIy for certain liinds of
combustion. The order of the change in friction for
the range in compression ratio investigated in these
tests is such that future considerations of engines
having compression ratios much higher than used in
mesent engines would malie it desirable to make

comparisons at a number of compression ratios like those made at a single compression ratio by
the Air Ministry.

INLET VALVE TIMING AND ‘1’HEHIGH COltlPRESSION ENGINE
*

Figure 11 gives indicated mean effective pressures that were obtained at various compression
ratios using aviation gasoline for fuel and limiting the detonation at the higher ratios to that
considered permissible for continuous operation at a low ratio. These results are presented here
as an illustration of the manner in which the variable valve timing mechansim proves wduable
in engine research,

Results were obtained for three different methods of limiting detonation: Throttling (curve
A), retarding the opening and closing times of the irJet valve (curve B), retarding the closing
time only of the inlet vaIve (curve C). ?Tith each method the control was set so that the
spark could be advanced beyond the point where maximum power was obtained without c~using
a perceptible increase in detonation.

These three methods provide different means for controlling the overcompressed engine
so that it will not detonate at sea level when using aviation gasoline. When using the first
method, the throttle would be opened as the altitude of operation is increased. With the
second method, the whole inIet valve timing would be advanced as the altitude is increased,
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With the third method only the idet valve closing time would be advanced as khe altitude is
increased. The fib method has been used considerably, but from these tests it is seen to give
the least power at ground IeveI. Figure 11 shows that the second method gives better results
than the first. The third method gives the greatest power at ground level, but in-rolves greatest
complication of controL Regardless of which method is employed, the same po~er can be
obtained at and abo~e that altitude at which the throttle may be opened wide for the Gase
where it is used to Iimit detonation and at which the dve timing wilI be the s~me as in the
throttling case, for the two cases where valve timing is used to limit detonation. A method of
limiting detonation by chanbtig the valve timing has been used in the Bristol Jupiter engine
and good results have been obtained.

Both the second and third meiihods are fihe same in effect in that the delay in eIosing the
inlet -iwIve results in some of the charge drawn in the cylinder being returned to the inlet mani-
fold and the effecfiive compression stroke reduced. Engines so constructed wouId have, in
effect, a lower compression ratio than expansion ratio at low altitudes. The fist method
involves a simiIar reduction in volumetric efficiency, but since the compression ratio has not
been changed the ratio of the temperatures at the beginning and end of the compression stroke
and the compressiort temperature will be higher, requiring somewhab greater reduction in
volumetric efficiency to limit the detonation to the same extent. The ratios of residual gases
retained in the cylinder to fresh charge are probably difterent in the three cases and the dii?er-
ence in power noted is due to this condition to some extent. The first method aIso involves
higher pumping Iosses than the third.

C!OCCLUSIONS

The test results presented in this report serve as examples of the use of this universal
engine in some research problems where the variable features are of espetial service. Exami-
nation of the data used in determiningg the effect of compression ratio on volumetric efficiency
together with consideration of conflicting results obtained elsewhere indicate that no general
conclusion should be drawn as to the effect of compression ratio on volumetric efficiency. lb
is evident, however, that an increase in compression ratio from 5 to 13 causes an appreciable
increase in friction horsepower as measured by motoring tests.

This engine lends itself to the direcfi study of such variables. Further study of frktion
losses from indicator diagrams -would determine the relation between the actual losses and
those obtained by motoring tests for definite conditions.
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