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ABSTRACT

PERFORMANCE OF A CRANKCASE~SCAVENGYED TWO-STROKE xNGINE

by
James Richard Wynne

Submitted to the Department of Mechanical Engineering on January 19, 1953
in partial fulfillment of the requirements for the degree of Master
of Science.

An investigation of the effect of altitude on power output
of & crankcase-scavenged engine and a study of the crankcase inlet
system is described. The relation of the crankcase volumetric
efficiency to the scevenging ratio and scavenging efficiency is
discussed. Steady flow tests of the crankcase inlet system, which
is controlled by reed valves, were made and the results correlated
with the volumetric efficiency of the crankcase by means of a Mach
Index. )

Brake power output was found to very linearly with inlet
density at a rate similer to that of a four-stroke engine. It
was noted that the volumetric efficiency of the crankcase determines
the scavenging retio and that this ratio is independent of inlet
pressure, provided inlet and exhaust pressures are egual. Yhe re-
lation of the Yach Index to volumetric efficiency was found to be
very similar to that of & four-stroke engine, having a critical value
beyond which the volumetric efficiency decreased rapidly.
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I SUMMARY

Tests were made on a crankcase-scavenged two-stroke engine
designed for use in z target aircraft to determine the effect of
altitude on power output. The speed range of 3500 to 4500 rpm at
altitudes up to 24,000 ft. was investigated. In addition, a study
was made of the inlet process to the crankcase and its relation to
scavenging ratio and scavenging efficiency. Steady flow tests
were made of the crankcase inlet system which consisted of reed
valvess A modified Mach Index, sometimes called the "gulp factorm
was computed for the inlet system in & manner similer to that for
& four-stroke engine.

It was found that the brake power output varied linearly with
the inlet air density at a rate similar to that of a four-stroke
engine. It was noted that the volumetrie efficiency of the crank-
case determines the scavenging retio, while the scavenging efficiency
is a function of cylinder geometry. The scavenging ratio wes
found to be independent of inlet pressure where inlet and exhaust
pressures are equal. Values of gulp factor in excess of 0.45, which
corresp?nds to 4000 rpm, appear to be accompanied by a rapid loss
in volumetric efficiency, although the speed range investigated was

not wide enough to be conclusive in this respect.
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II INTRODUCTION

The crankcase-scavenged, two-siroke engine offers a simple
and relatively cheap form of prime mover capsble of high output
in comparison to its weight. However, development of two-stroke
engines in generel and the crankcase-scavenged typve in particular,
has lagged far behind the four-stroke cycle. In this country, the
only significant development work carried on has been in the out-
board motor industry and most of this by ‘the trial and error
method. For these reasons, a general study of factors affecting
the performance of the crankcase-sczvenged engine is desirable.

The inherent simplicity of the crankcase-scavenged engine is
derived from the use of the up-stroke of the piston to induct
a fuel-air mixture into the crankcase. It is then compressed on
the down-stroke and admitted to the cylinder through a transfer
passage and a set of ports uncovered by the piston while the
exhaust takes place through another set of ports. Thus the need
for a scavenging blower or complicated valve gear is eliminated,
the oniy reguirement being & valve to control the admission of air
to the crankcase. This may be of the automatic type or mechanically
operated.

Because of the high specific output, the two-stroke engine
appears promising for use In small aircraft. The particuia? engine
under test in this thesis was designed for a remotely-controlled

target aircraft. The effect of altitude on the performance of the
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crankcase-scaverged engine is therefore of interest, since there
is no evidence of any previous investigation of this subject.

It is seen that the inlet process to the crankcase of the
engine is the limiting factor om the air consumption of the
engiue and is, therefore, worthy of special attention. The pro-
cess is quite similar to that cf a four-stroke engine and the
possibility of correlsting it with the four-stroke process appears
worth investigating, since much more is known about factors which

affect the volumetric efficiency of four-stroke engines.
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IIT DESCRIPTION OF APPARATUS

The engine used for these studies was a crankcase-scavenged,
spark ignition, two-stroke. It was a four cylinder, V-type air-
cooled engine, from which three cylinders had been removed to
form a single cylinder test engine. Reed valves controlled the
inlet to the crankcase while ports controlled by the piston gov-
erned the inlet and exhaust of the cylinder. The specifications of

the single cylinder are as follows:

Bore 3.5 in.
Stroke 2.75 in.
Compression ratio 10

Piston displacement 26.5 cu. in.
Piston area 9.62 sg. in.
Total Reed valve area hed2 sg. in.

Cylinder port timing:

Inlet open 64 b.b.c.
close 64 a.b.c.
Exhaust open 74 bebe.ce
close 74 a.b.c.

4 schematic diagram of the engine and porting arrangement is
shown in figure 1.
The engine was mounted on & standard test bed from which a
CFR engine had been remcved and was coupled to a Star D.C., dynamometer.

A roller chain coupling was initially used but this proved unable
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to withstand the torsional vibration of single cylinder operation.
A "Pasts" coupling, whkich consists essentially of two splined
hubs joined by a sleeve with internsl mating splines, was sub-
stituted. It wes decided that the small flywheel on the engine
was insignificant compared to the dynzmometer armature and it was
omitted when the new éoupling was installed. This arrangement,
which may be seen in figures 2 and 3, proved entirely satisfactory.
To aid speed determination, the periphery of the coupling was painted
with 36 stripes. When illuminated with a& 60 cycle stroboscope, the
wheel appears staticnary at each hundred rpm.

In order to incorporate an ignition indicator, the enginel
magneto was removed and the standard CFR type of ignition sub-
stituted. This device uses 110 volts D.C., with the spark occurring
on the make, rather than the break, of the contact points. This
provides more positive control and better reproducibility, since
a time lag of varying duration occurs before & spark is produced
by the opening of a set of contacts. The wiring diagram is shown
in figure 5. The device may be seen in the photograph, figure 3,
and consists of a disk of insulating plastic fastened to the end
of the crankshaft and rotating within the circle of a protractor
fastened to the engine. A small neon tube set behind a radial slit
in the disk produces a luminous line when activated by the ignition
circuit and the point at which ignition occurs may be read from
the protractor. The plate carrying the contact points is ball

bearing mounted on a stub shaft on the end of the crankshaft and is
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rotated to adjust the ignition timing.

Two stroke engines are known to be extremely sensitive to
dynamic effects in the inlet and exhaust systems. For this
reason, inlet and exhaust surge tanks having a volume of approxi-
mately fifty times the cylinder volume were mounted as close to
the engine as possible. These may be seen in the photographs,
figures 2, 3, and 4, and a schematic diagram of the air and ex-
haust flow system is shown in figure 6.

Lir was delivered through a standard ASME sguars-edged orifice
meter in a two-inch line from either the atmosphere or the lab-
oratory supercharge system. A throttle valve was provided at
the entrance of the inlet tank and pressure and temperaturs of the
inlet air measured in the tank. The connection from the tank to
the engine was by means of a short duct having an area of approxi-
mately four times that of the imlet port-and a short 45 degree
elbow connecting the duct to the air inlet flange on the engine.

The exhaust tenk was designed so that the existing duct on
the engine leading from the exhaust ports opened directly into the
tank. Construction was sufficiently heavy (3/16 and 1/4 inch steel
plate) to provide safety in case of an explosion of unburned mix-
ture in the tanks after motoring the engine; +this never occurred,
however. In addition to a manometer tep, fittings were provided
to cool the tank with a water spray. The exhaust throttle valve
in a two-inch line .leaving the tank was located high enough to pre-

vent water surging through it. The exhaust line may be connected
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to the trench for atmospheric exhaust or to the vacuum pump for
reducing exhaust pressure.

L cooling blower capable of supplying a maximum duct pressure
of 13 in. Hy0 was provided. This proved barely adequate to keep
the spark plug gasket temperature below the desired 4O00°F at sea
level but cooling requirement decreased rapidly with lower inlet
pressures. A field theostat on the motor driving the blower per-
mitted an adjustment of the duct pressure. The spark plug gasket
temperature was measured with an iron-constantan thermocouple and
a potentiometer with self-compensating cold junction.

The fuel-oil mixture was supplied to the engine from a 15
gallon tank by an electric motor-driven pump. Fuel pressure was
set with the regulator to 10 psi and was controlled after passing
through a calibrated rotameter by means of & valve in the line
leading to the engine. The existing needle valve on the engine
where the fuel is sprayed into the air stream was used as a back-
pressure control to prevent vaporization of fuel in the lines.
The fuel flow system is shown in figure 7.

Shortly after beginning altitude testing, it became apparent
that significant air leakage was occurring into the crankease.
(see Appendix G for discussion). To correct this, new seals were
installed at the front and rear of the crankshaft and all other
openings in the crankcase were carefully sealed. Two Garlock
Klozures, which are a heavy-duty type of sesl, were installed

back-to-back at the front of the engine and one facing outward
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was placed at the rear of the engine. The position of these
seals may be seen in figure 1. This substantially reduced the
leakage and a correction factor was determined for the amount

remaining.
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IV IEST PROCEDURE

Since this engine was designed to operate in the aireraft
only. almeximum output, it was desired to determine first the
performance over the speed range of 3500 to 4500 rpm at altitudes
up to 30,000 ft. In all runs except one, the inlet and exhaust
pressures were held equzl and controlled by throttling the inlet
from the atmosphere and throttling the exhasust to the vacuum
pump.

Preliminary testing was done to determine best power fuel-
air ratio and spark advance. These quantities are known to be
essentially constant with respect to inlet pressure and over
this speed’range the best power spark advance was alsoc practically
constant at 37 degrees b.t.c. Due to air leakage into the crank-
case, it was necessary to change the observed fuel-air ratio
with inlet pressure to keep the true fuel-air ratio at 'best power.,
This is discussed in Appendix G. The values of observed fuel-sir

ratio used were:

P; Fa

c——

27.2 in.Hg.abs. 0,079

20.0 0.0835
15.0 0.0835
11.5 0.086

Fuel used for all runs was 100 octane gasoline with 10%

SAE 30 uncompounded oil added for lubrication. The fuel-oil
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mixture was sprayed into the air inlet of the crankcase. Runs were
made at speeds of 3500, 4000 and 4500 rpm with inlet (and ex-
haust) pressures of 27.2, 20.0, 15.0 and 11.5 in.Hg.abs. These
pressures correspond to 2500, 10,750, 18,000, and 24,000 ft.
altitude respectfully. The pressure of 27.2 in.Hg.abs. was the
highest obtainable when operating with atmospheric inlet; it was
chosen as the basis for comparison to eliminate the complication
of having to operate the supercharge compressor for some runs.
The pressure of 1l.5 in.Hg.abs. was the lowest obtainable as
limited by the capacity of the exhaust vacuum pump. One set of
runs was made with the inlet and exhaust pressures at 22 and 20
in.Hg.abs. respectively.

In obtaining a test point, the speed was set by adjustment of
the dynamometer field control in conjunction with the tachometer
and stroboscope and the inlet and exhaust pressures adjusted to the
desired value. The air flow was then determined and the rotameter
set to deliver the best power fuel-air ratio for that inlet preséure.
The cooling air duct pressure was adjusted to maintain the desired
spark plug gasket temperature. Due to the wide variation in cooling
requirement with inlet pressure, it was not possible to hold a

constant temperature for all runs. The values used were:
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27.2 in.Hg.abs. 400 ©°F
20.0 400
15.0 350
11.5 300

When éteady conditions were obtained, the dynamometer load and
inlet air temperature were recorded. Motoring friction was
determined by cutting the ignition without changing the setting
of inlet and exhaust thfottle valves. In order that friction
readings be taken at near-operating temperature, a procedure was
evolved whereby the'cooling blower was cut first and the plug
gasket temperature allowed to increase 50°F. The ignition was
then cut and the ergine brought up to its original speed by
motoring the dynamometer. The friction load was recorded when
the plug temperature passed by its previous value as the engine
cooled.

Steady flow tests of the reed valves were made by removing the
cylinder and connecting the exhaust tank to the opening in the
crankcase. The vacuum pump was used to draw air through the in-
let system, thus eliminating any effect of pressure fluctuations
from a compressor supplying the air flow. The air flow, temperature,
pressure drop across the reed valves and the pressure in the in-
let and exhaust tanks were recorded when steady conditions were

obtained at each test point.
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*V MECHANICAL FAILURES

Two types of structural failures occurred during the test
program. These were unrelated to each other and will be dis-
cussed separately.

Reed Valves

Reed valves are thin (.005 - .010 in.) pieces of metal cover-
ing the ﬁort opening and attached at only one point. A pressure
below the reed lower than that upstream causes the reed to bend
away from fhe port and allow a flow to take place. The reed
springs closed when the pressure difference is removed and seals
against a pressure differential in the opposite direction. A
stop of heavier material limits the distance the reed can bend
open. In high-speed operation, the frequency of opening and
closing is such that the motion becomes effectively a vibration
with an impact each time the reed contacts the stop and the port,
making an exact stress analysis practically impossible.

The type of reed and stop originally found in the engine
are shown in figure 8 marked "o0ld"., Six of these reeds were
arranged in a circle around the crankshaft to admit the mixture to
the crankcase. It may be seen that the shapes are such as to
invite the reed to bend sharply at the edge of the stop when
contact occurs. This is obviously a point of stress concentration
and the photograph shows that the failure initiated at this point.
Engine operation became rough and a loss in power and air consumption

was noted. The total time to this failure is not known as the engine



-13-
had been run at the factory before these tests began. The entire
set of reeds was replaced and the edges of the stops rounded to
lessen the stress concentration at this point. Operation was
satisfactory for 15 hours when another reed broke, this time
across the entire reed just beyond the point of attachment where
the bending stress 1s greatest. In both cases, the reeds
apperently broke up and passed through the engine; no damage was
done and no irace found of the reeds.

Analysis at this point indicates two conclusions; (1) the Qeed
stop should be of similar shape to the reed to prevent the bending
of the reed around the edge of the stop, (2) the bending stress at
the point of attachment must be reduced or a material of higher
endurance limit be substituted.

A11 of these factors were included in new style of valve
supplied by the manufacturer at this time and shown in figure 8
("new"). The shape of the sStop is similar to the reed and material
is beryllium copper, insteady of steel, which improved the endurancs
1limit. In addition, the reeds were made smeller and the number
increased to ten, thereby helping to reduce the stress. Totazl port
area remained approximately the same. Thirty hours running time
was accumulated on the new valves with no indication of trouble and
the manufacturer reports no reed failures since the change.

Connecting Rod .
Figure 8 shows the feilure of the connecting rod which occurred

after 45 hours running. It was later learned that previous time
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on the engine amounted to 350 hours, msking a total of about
400 hours to failure. Since the design life of the engine in a
target aircraft is only about 25 hours, the life of this rod is
adequate; however, the design change to extend the endurance
life is quite'obvious and extremely simple. It may be seen that
notches are present both in the rod and the cap where they were
spot-faced for the bolt head and nut. The effect of a notch in
a part in cyclic loading is well known and this failure is a
perfect example of a fatigue crack initiating at the point of stress
concentration. Inspection revealed that the crack had progressed
approximately helf way through the material when the stress became
sufficient to rupture the remaining section. The removal of this
notch would extend §he endurance life of the rod many times.

The engine was operating at 3500 rpm and atmospheric inlet
pressure at the time of failure. Damage in addition to the con-~
necting rod included a broken piston and rings, two holes and sev-
eral cracks in the crankcase, scored cylinder, and scored and
apparently bent crankshaft.

It was suggested by the manufacturer that at low inlet pressures
the inertia force on the rod may be greater than the gas forces.
This would cause a complete reversal of stress in the rod rather
thun the unmidirectional stress generally assumed present in a two-
stroke connecting rod. However, an estimate of the forces in-
volved (Appendix F) shows that the inertia force exceeds the gas
force at maximum speed even at sea level. Hence this was not a

contributing factor to the failure.



~15-

VI DISCUSSION AND RESULTS

A tabulation of observed and calculated data is given in
Appendix A, A summary of the performance with the old-style reed
valves is included therein but the curves summarizing the altitude
performance of the engine, figures 11 to 15 inclusive, are with
the new-style valves.

The performance runs were made at pressures corresponding
to various altitudes but at constant inlet temperature. The
method used to correct the data for altiitude temperatures is
given in Appendix B and it is believed that the results represent
a close approximation to the actual performance at altitude. A
sample calculation for one test point is shown in Appendix C.

It will be observed that the power output variés linearly with
the density. PFigure 11 was plotted with the indicated horsepower
at the test condition nearest sea level pressure as the reference
point. This was then extrabolated to detepmine the power at sea
level pressure and this value used as the base for figure 12 in
order that comparison with data from other sources might be made.
The rate of change of power with demsity in figure 12 is guite
similer to that given in Taylor and Taylor(l) for several four-
stroke engines, indicating that the effect of altitude on power
output is almost the same for the crankcase-scavenged as for the
four-stroke engine. The three slopes in figure 12 correspond to
differing mechanical efficiency at the three speeds. The friction

horsepower decreases only slightly with inlet pressure while the
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power decreases rapidly; hence, the mechanical efficiency at

altitude decreases rapidly, since

?Zm = bhp
bhp + fhp

The rate of decrease of power output is greatest for the lowest
mechanical efficiency (4500 rpm). The effect of altitude on
mechanical efficiency is shown in figure 13.

The absolute values of bhp and bsfc at altitude are shown in
figure 14. The bsfc was computed using the value of bhp corrected
for temperature and a fuel flow rate corrected to keep the same
fuel-air ratio with the increased air density. The vslues of
bmep corrected for altitude are plotted in figure 15, together with
the fmep observed in the test; fmep is essentially independent of
tne temperature cofrection. It will be noted that the fmep decreases
slightly with inlet pressure, apparently due to decreased bearing
loads.

The points tuken with 22 in.Hg.abs. inlet pressure and 20
in.Hg.abs. exhaust pressure simulate the result of boosting the
inlet pressure 2 in.Hg. while at an altitude of 10,750 ft. It will
be noted that the bsfc for this condition increased markedly since
a large cuantity of fresh mixture was lost in scavenging. It is
generally agreed that supercharging a two-stroke engine is not
profiteble unless the exhaust pressure is also raised, as with an
exhaust turbine. These results substantiate this for the crankcase-
scavenged two-stroke.

As defined in Taylor and Taylor(z), the scavenging ratio of



-17-
a two-stroke engine is the ratio of the weight of mixture Eumpe&
to the weight which would fill the entire cylinder volume (at
bottom center) &t inlet temperature and exhaust pressure. The
scavenging efficiency is &efined as the ratio of the weight of
mixture retained in the cylinder to the weight which would fill the
entire cylinder volume at inlet temperature and exhaust pressure.
Exhaust pressure is chosen because, due to the late closing of the
exhzust ports, the pressure during compression is usually never
higher than if the process started at bottom center and exhaust
pressure. The scavenging ratio is calculated from the measured
air flow supplied to the engine but the amount which is retained in
the cylinder is not so easily determined. The method used to estimate
the scavenging efficiency is illustrated in Appendix D. Figure 16
shows the variation of scuvenging ratio with speed both as observed
and corrected for leakage as discussed in &ppendix G. Figure 17
shows the variation of scavenging efficiency with scavenging ratio
at the various inlet pressures and constant inlet air temperature.
The cross-hatched area is the ramge of values obtained from tests
with the M.I.T. two-stroke engine.(B) It should be pointed out that
these values represent extensive experimentation with port geometry.
The 45° line represents theoretical scevenging with no mixing or short
circuiting to the exhaust ports and the_other curve representé
theoretically perfect miking of fresh mixture and residusl gas. It
will be noted that the lower scavenging ratios at each.inlet

ﬁressure correspond to the higher engine speeds. This is’ because the
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scavenging ratio is determined by the volumetric efficiency of the
crapnkcase and over the speed range studied, this value decreased
as the speed was increased. The figure shows that a skight drop
in scavenging efficiency accompanied a decrease in inlet pressure
at a given scavenging retio. The reason for this is not apparent;
one supposition might be that the decrease in Reynolds number with
the lower flow rate changed the flow pattern through the cylinder.
However, the change was so small as to be insignificant for the
purposes of this study.

It has been seen that the volumetric efficiency of the crankcase
limits the air cepacity of the engine. When the inlet and exhaust

pressures are equal, the scavenging ratio can therefore only approach

T e
-1

of volumetric efficiency is the ratio of the weight of mixture

~ as a limit, r being the compression ratio. The usual definition

pumped to the displaced cylinder volume at inlet density. Hence,

et et ae—t—— o

R ='£§; (evb) and since the limiting value of e_  is

where p, = pys Ry ve

1.0, the limit of Ry iszgég . The efficiency of the engine as an
air pump may therefore be evaluated either in terms of the scavenging
ratio or of the volumetric efficiency of the crankcase. Because of
its similarity to the four-strcke inlet process, the volumetric
efficiency of the crankcase was chosen for examination.

Extensive investigation has yielded a factor for expressing the
flow capacity of a four-stroke inlet valve calied the "gulp factor".(A)
It has been found that engines of varying design all have a critical

gulp factor in the vieinity of 0.5, beyond which volumetric efficiency
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drops rapidly. This is a parémeter of extreme importance in four-
stroke engines and an atteﬁpt was made to apply it to the ecrank-
case inlet process in these tests.

The method of calculation is shown in Appendix ®. It will be
noted that a quantity, Cav’ is required in the expression for gulp
factor in the four-stroke process. This is a coefficient for
steady flow through the valve averaged over the 1lift curve of the
vaive. Oince the flow coefficient of reed valves is a function of
the pressure difference &across them, it was assumed that the valve
opened and closed instantaneously. The open duration of the valve
was taken as 150 degress of c;ankangle from information supplied by
the manufacturer. These assumptions made possible the determination
from the results of steady flow tests, an average flow coefficient
roughly corresponding to Cav' With this determined, the gulp factor
was calculated for the three speeds at the 27.2 in.Hg. inlet pressure
condition. The values of crankcase volumetric efficiency of this
engine together wibh the range of several four-stroke engines are
plotted against gulp factor ;n figure 21. This shows that over the
narrow speed range evaluated in these tests, the trend of volumetric
efficiency is similar to that of the four-stroke engines. If this
is true, it is apparent that values of gulp factor in excess of
0«45 result in repid loss in volumetric efficiency. The number of

test points should be increased before a conclusion is drawn, however.
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VII CONGLUSIONS
The power output of the crankcase-scavenged two-stroke engine
decreases linearly with the inlet demsity at a rate similar
to that of a four-siroke engine. The decrease would bring

the ratio of bhp/bhp to zero at an altitude of

sea level
approximately 40,000 ft.

The scavenging ratio is independent of inlet pressure € Vi
provided inlet end exhaust pressure are egual.

Attempting to supercharge by boosting the inlet pressure

without regard to the exhaust pressure is uneconomical

beczuse of the large loss of fresh mixture during scavenging.
The scavenging ratio of the crankcase-scavenged engine is
determined by the volumetric efficiency of the crankcase;

the scavenging efficiency at a given scavenging ratio is a
function of the flow characteristics of the cylinder, piston,

and port assembly. The crankcase volumetric efficiency is
comparable to that of a four-stroke engine and is & function of
the flow cspacity of the inlet valves or "gulp factor." Values
of gulp factor in excess of 0.45 appear to be accompanied by

a rapid loss in volumetric efficiency, although the speed

range lnvestigated was not wide enough to be conclusive in

this respect.
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VIIT RECOMMENDATIONS FOR FUTURE RESEARCH

Beczuse of the limited life of this engine, only & narrow
speed range was investigated. The extension of these tests to
different speeds would be interesting; especially should the
information concerning the scavenging ratio and crankcase volu-
netric efficiency be so extended. A pressure-time diagram for
the crankcase would reveal the actusl pressure drop across the
reed valves and the exact duration of the inlet process, per-
mitting & more accurate determinztion of the value of the flow
coefficient. This, together with = laerger number of test points
over & wider speed range, would extend the curve of volumetric
efficiency vs. gulp factor and check the vaiue of the eritiecal gulp
factor.

It would be helpful to have an engine designed for test pur-
poses which would be rugged enough to withstand continuous usage.
It should be possible to try various types of valwes for controlling
the crankcase inlet process, both automatic and mechanically
operated, to obtain optimum volumetric efficiency. Arrangement should
be made for varying the cylinder port geometry to obtain the best
scavenging efficiency possible at a given scavenging ratio. A
thermocouple located in the transfer passage would help determine

the true conditions of the mixture as it enters the cylinder.



-22-

s8{ves eanssead juoay

3204 38 TeUXE

queweIuweaay Bujjzaog euyduly

Q

1 eandtyg
SOAT®A POy yuel
AT.owhﬂu woJa
eTul £
o B — IeTUI 47 reos

eanssoad Jsey

H - |

¢

)

[

3

oBess8d J0J8UBIY

\\\ 3304 3eTul










. B FNNSIy

vy e ke vths . it & Seses eigrae - e At ot 3 4 et s e s b eeeree | s o ¢ s e g ORI oD e e eSS TR PP P 5 i AT 11t et 4 e S A LS TR




-26-

‘ONS 5=

W3LSAS NOILINO! 40 AVNHOVIQ ONIHIM

‘ON9 ==

g eam?iyg

DIVN JHL NO S3LVH3JO WILSAS SIHL
: 310N

100 'W'S‘Q

A 009

dAV1 1071d

H

$3sn4 awv- €|

.

L &

—o/>—0=

e '9'q AOI

v00s +

HOLIMS



- -

dund umnoesa o]

e

we3skg MOTJ 3ISNVUXT DPUB IV

9 eandig

3no aej3em Juiroo)

=nuuuuuuummp

X

-

qoueay og

JO88eIdWOod JT8 WOJI g

X

seaTeA [X
BuijzsInBeua euansseaqd %

L
uyp Jeqwva

Bugto0) _

Juey
efans

Isneyxy

I

J09 omouIoy?l
a8 jejul

jueq
edans

aeTuy

T

\

X

dejew @21 JTI0 FNSV

J93euonIeYy
60T JTI0

)

—

eJoydsoune wodJ

X

Jue]
o3ans

UTeR



Fuel pump
s——1L ' ﬁ]
From fuel tank l '
. - |
Relief by-pass (gl
}4 Hand air pressure pump
—
X Bubble
Rotamete; separater
tank
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Pressure gage
l J —_—
Fuel flow control Back pressure To engine
control
Flgure 7
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STANDARD ATMOSPHERE TABLE

~43=

Figure 22

Note MNo.

218, NACA, 1940.

Diehl, Walter 8.

s x107
ft. oF °rR  ft/sec o ¢, in.Hg. 1b/sq.in. 1b/ft3 ft,i

0 59.0 518.4 1118 1.0000 1.0000 29.92 14.70 0.07651 3.66
1,000 55.3 51,.8 1114 .9710 9854 28.86 14.17 .07430
2,000 51.8 511.3 1110 .9428  .9710 27.82 13.66 .07213
3,000 48.3 507.7 1106 .9151  .9566 26.81 13.17 .07001
4y000 44.7 504.1 1103 .8881 o424 25.84 12.69 - 06794
6,000 37.6 497.0 1094 .8358  .9142 23.98 11.77 .06395
7,000 34.0 493.4 1091 .8106  .9003 23.09 11.34  .06202
8,000 30.5 489.9 1087 .7859  .8865 22.22 10.90 .06013
9,000 26,9 486.3 1082 .7619 .8729 21.38 10.50 .05829
11,000 19.8 479.1 1074 .7154  .8458 19.79 9.72 05474
12,000 16.2 475.6 1071 .6931  .8325 19.03 9.35 .05303
113,000 12.6 472.0 1067 6712  .8193 18.29 8.99 .05136
14,000 9.1 468.5 1063 6499  .8062 17.57 8.64  .04973

15,000 5.5 464.9 1059 6291  .7932 16.88 8.30 L0481l  3.43
16,000 1.9 46l.3 1055 .6088 .7803 16.21 7.97  .04658
17,000 =1.6 457.8 1051 .5891  .7675 15.56 7.65 «04507

20,000 -12.3 447.1 1038 5327  .7299 13.75 6.76 04075 3.34
21,000 -15.9 444.5 1034 .5148 L7175 13.18 6.48 .03938
' 22’ OOO -1905 439.9 1030 04974 07053 12063 60 21 003806
23,000 -23.0 436.4 1026 .4805  .6932 12.10 5.94 .03676
124,000 -26.6 432.8 1022 4640  .6812 1l1l.59 5.69 .03550

25,000 -30.1 429.2 1017 <4480  .6693 11.10 5.46 03427  3.24
28, 000 -40 99 418 ) 5 1004 [ 4023 [ 6343 9 [ ) 72 4 . 77 L) 03078
29’ 000 -4404 415 oo 999 03879 06228 9.29 40 56 002968

E 30’ 000 "48 . 0 411 04 995 .3740 ° 6116 8 € 88 40 36 ° 02861 3 ° 14
31,000 -51.6 407.8 991 «3603  .6002 8.48 4e17  .02757
33,000 -58.7 400,7 982 $3343 5782  7.73 3.80 .02558
34,000 <62.3 397.2 978 .3218 .5673 7.38 3.62  .02463
35’000 -65 08 393-6 973 03098 05566 7004 3045 002369

36,000 -67.0 392.4 972 «2962 5442 6.71 3.30 .02265 3.01
38,000 -67.0 392.4 972 .2692 .5188 6.10 2.99 .02059

40’000 -6700 392.4 972 02447 04950 5054 2.72 001872 3001

Condensed froms Standard Atmosphere - Tables and Data. Technical



~bdym

APPENDIX A -
Best Power Spark Advance

tugust 26, 1952

Pe = P; % 28.0 in. Hg. abs, ti = 86°F tplug = 4259F
F, = 078
00 rpme.
Ignition, degrees B.T.C. Hydraulic Scale Reading — in.Hg.
=7 21.00
32 ‘ 21.20
37 21.30
40 21.10
42 21.10
37 21.45
32 . 21.35
4000 rpm.
- - 19.35
35 19.50
31 19.45
40 19.60
“2 19.50
31 19.60
37 19.65

Plotted in Figure 9
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Best Power Fuel-air Ratlo

Pe =Py = 28.0 in. Hg. abs. i, = 81°F tplug = A25°F
Spark = 37 degrees B.T.C. 4000 rpm.,

FA Eydraulic scale reading - in. Hg.

0.0694 19.40
,0707 19.70
0722 - 19.65
.0740 19.75
.0756 20.10
0776 20.20
0792 20.15
.0822 - 20.10
.0878 19.95
.0939 19.90
.0997 ) 19.60
.0782 20.15
0729 20.10
.0697 19.70
.0663 18.80
LT 20.00
066/ 16.50
.0629 15.10
L0579 11.00
JA17, 19.20
1174 18.80

Best power FA from above date = 0,078
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Change in Observed Best Power Fuel Air Ratio

with Inlet Pressure

October 6, 1952

P =Py = 20.0 in, Hg. abs. ti = 82°F tplug = 425°F
Spark = 37° B.T.C. 3500 rpm.
FA Hydraulic scale reading, in. Hg.
0.0735 = 144
.0805 15.2
.0883 15.5
.1020 15.3

Best power FA-from ebove date = 0.092



Summary of Performance with Old-type Reed Valves
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September 23 to October 1, 1952

(Aversge of four sets of runs under same conditions)

P =P3 = 27.3 in. Hg. ebsolute

Spark = 37° b.t.c. ti = 80°F tp;ug

FA = 0,078 p, = 30.0 in. Hg. abs.
b o )it} 3400
Rotameter, cm 7.90
Dynamometer, firing, in. Hg. 22,20
Dynamometer, motoring, in. Hg. 4olL7
Ah, in. H;0 28.4
Pauct’ in. HZ0 8.2
p,a, 1bs/sec. 0.0450
M g, 1bs/sec. 0.00351
bmep 66.4
fmep 12.5
imep 78.9
bhp 15.10
fhp 2.83
ihp 17.9
Rg 0.69
e 0.77
bsfe 0.84

= 425°F

to = "78°F

4000
8.00

19.80
bod5

29.6
8.9

0.0460
0.00359

59.2
13.3
2.5
15.85
3.56
19.4
0.60

0067

0.82

4400
8.50
18.80
4.85
35.8
1l.4

0.0506
0.00395

56.2
4.5
70.7
16,56
4426
20.8
0.60

0.67
0086

Note: These runs were made at 3400, 4000 and 4400 rpm

due to en error in speed determination with

stroboscope.
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Observed Best Power Fuel Air Ratio at Several

Inlet Pressures

November 17 - 18, 1952
Spark = 37° B.T.C. 3500 rpm.

1 T 27.3 in. Hg. abs., t; = T6°F, tplug = 4O0°F

Fy Hydraulic Scale reading, in. Hg.
0.0676 21.60

.0689 " 22.20

.0706 22,60

.0736 22.90

-0765 23.00

.0792 23.00

.0823 o0

+0848 22.85

-0875 | 22.80

-0905 22.70

-0954 22.60
Pg =P; < 20,0 in. Hg. abs. ti = 776°F, tplug = 400°F
0.0715 15.50

-0735 ~ 15.70

-0755 . 15.95

.0798 16.20

-0839 16.20

.0881 16.15

-0922 16.00

.100 15.90
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= = = o =
Py = Py 15.0 in. Hg. ebs. ti T4°F, tplug 350°F

FA Hydraulic scale, in. Hg.
. 0.0663 8.90
0684 9.40
.0706 9.90
.0730 10.20
.0750 10,60
.0801 10.95
.0848 10.95
.0887 10.90
0941 10.90
.100 10.70
.109 10.55

P = P; = 11.5 in. Hg. abs. t; = T4°F, tplug = 300°F

0.0716 6.60
0744 6.90
.0770 7.10
.0801 ’ ‘ 7.20
.0834 7.25
.0890 7.20
.0950 7.25
2101 7.15
.107 7.00
117 ' 6.8%

Plotted in Figure 10
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Pg = P; = 11.5 in. Hg. absolute

November 18, 1952

Spark = 37° b.t.c. ti = 76°F tplug = 300°F
observed F, = 0.086 p, = 30.0 in. Hg. abs. t, = ,°F
rpmn 3400 4000 4400
Rotameter, cm. 4.90 5.30 5.00
Dynamometer, firing, in. Hg. 6.55 5.80 4.10
Dynamometer, motoring, in. Hg. 345 450 475
Ah, in. Hzo 406 5.8 5.1
pduct, in. Hzo 6.1 8.4 8.0
M, lbs/sec. 0.0182 0.0204 0.0190
Fg» 1bs/sec. 0.001575 - 0.00176  0.00163
bmep 19.8 17.3 12.3
fmep . 10.3 1305 14.2
imep 30.1 30.8 26.5
bhp Led5 4 .64 3.61
fhp 2.34 3.60 4.18
ihp - 6.8 802 7.8
Ry (observed) 0.661 0.630 0.534
Ry (corrected for leakage) 0.72 0.69 0.58
ey 0.27 0.38 0.23
e ’ 0.80 0.78 0.64

Correction for altitude temperature

24,000 ft. t = -27°F /2 = 0.0354 1bs/cu.ft.
ihp 7.6 9.1 807
bhyp 5,3 5.5 45
bmep 23.3 20.6 15,3
hf, 1bs/sec. 0.001752 0.00196  0.001812
bsfe 1.19 1.27 1.45
7 0.70 0.60 0.52
mech.

Note: These runs were made at 3400, 4000 and 4400 rpm due to an error
in speed determination with stroboscope.
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Pe = Py = 15.0 in. Hg. gbsolute

November 19, 1952

Sperk = 37° b.t.c. ti = T6°F tplug = 350°F
observed FA = 0.0835 P, = 30.0 in. Hg. abs. to = T7,4°F
rpm 3500 4000 4500
Rotameter, cm. 5.85 6.20 5.80
Dynamometer, firing, in. Hg. 9.70 8.30 6.30
Dynamometer, motoring, in. Hg. 3.80 4450 470
An, in. H0 8.5 10.6 8.6
pduct’ irl' HQO 500 608 6.8
P1gs 1bs/sec. 0.0247 0.0276 0.0248
,ek, 1lbs/sec. 0.00206 0.00231 0.00208
bmep 29.0 26.3 1808
fmep . 11.4 13.5 14.1
imep 404 39.8 32.9
bhp 6.80 " 17.05 5.67
fhp 2.66 3.60 4423
ihp . 9.5 10.7 9.9
R (observed) . 0.668 0.054 0.522
Rg (corrected for leakage) 0.71 0.69 0.55
e 0.38 0.38 0.31
e 0.79 0.77 0.61

Correction for altitude temperature

18,000 ft, t = -50F /= 0.0438 1lbs/cu.ft.
ihp 10.3 11.6 10.7
bhp 7.6 8.0 6.5
bmep 32.4 29.9 21.6
f#f, 1bs/sec. 0.002235  0.00250  0.00226
bsfe 1.06 1.13 1.25

7mech. 0.74 0.69 0.60
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Pg = P; < 20.0 in. Hg. absolute

November 20, 1952
Sparx = 37° b.t.c.

observed F, = 0.03835

A
rpm /
Potameter, cm. //
Dynamoxeter, firing, in{ Hg.
Dynsmometer, motoring,-,‘ in. Hg.
An, in. H,0 :
Pauct? in. Hz0

M‘a, le"SGC.

I\"lf, lbs/sec.

bmep
fmep
imep
bhp
fap
ihp
R (observed)

R, (corrected for leakage)

€
S

e
ve

t; = 7°F ¢

/

plug

3500
6.85

14.60
3.90

15.7
5.5

0.0236
0.00z80

43.6
11.2
54.8
10.22
2.75
12.0
0.683

0.7
0.39

0.80

= 4OO°F

4000
7.30

13.70
4.80C

9.6

-

6.8
C.0376
0.00514
41.0
14.4
£5.4
10.97
2.84
1408
0.658

0.70
0.39

0.78

Correction for aititude temperzture

16,750 ft. t = 20°F
ihp
bhp
bmep

M, lbs/sec.

bsfe

7mech.

/° = 0.0554 1bs/cu.ft.

13.7

11.0

47.0
0.002955

0097
0.80

15=6
11.8
44.0

0.003215

1.01
G.76

P, = 30.0 in. Hg. abs. t_ = 74F

4500
7.10

10.80
4.90

17.8
8.0

0.0358

0.00299
3z.3
14.7
L7.0

9.73

bebl
14.1

0.565
0.60
0.33
5.67

14.9

10.5

249
0.003155
1.05
0.70



P = p; = 27.2 in. Hg. absolute

November 20, 195z

Sperk = 37° b.t.c. t, = 76°F tplug = 400°F
—_ - = ° he = oL

rpin 2500 4030 4500

Rotemeter, cm. 8.20 8.85 9.00

Dynamoneter, firing, in. Hg. 21.10 20.40 18.40

Dynsmoneter, motorinz, in. Hg. YAWAS! 5.40 5.60
Ah, in. Hzo - 31.2 3805 39.7

Pauct? in. H0 12.0 13.5% 13.5%
M., 1bs/sec. 0.047, 0.0527  0.0535
Mf, 1bs/sec. 0.00374 0.00416  0,00423

bmep 63.1 61.0 55.0

faep 12,2 6.2 16.8

imep 76.3 77.2 71.8

bhp 14.80 16,32 16.57

fp 3.083 432 5.04

ihp i7.9 20.6 21.6

R, (observed) = R (corrscted for

leakage) 0.71 0.69 0.62
es 0.40 0,40 C.37
e 0.78 0.77 0.69
- RO
* tplUg 4Lz 5°F
Correction for altitude temperature
3500 ft. t = 50F 2= 0,079 lbs/cu.ft.

ihp 18.3 21.1 22.1

bhp - 15o2 1608 1701

bmep 65.0 62,7 56.8
I 5, 1lbs/sec. 6.00383 0.00426 0.00433

bsfe 0.91 0.91 0.91

’7mech 0.83 0.80 0.31



November 24, 1952

Sparx = 27° b.t.c.

observed FA = 0.0835

goin}

Rotemeter, cm.

Dvnsmometer, firing, in. Hg.

amoneter, motoring, in. Hge.
’ b]

Ah, in. H0

;pduct’

in. H,0

M_, 1lbs/sec.

a

ﬁh%, lbs/sec.

bemp
fmep
imep
bhp
fhp
ihp

Rs (observed)

p

R (corrected for leakage)

e
S

e
ve

ihp
bhp
bmep

ﬁﬂf, 1bs/sec.

bsfc

;}mech.

76°F

30.0

54

t
plug

t = 76°F
o

2500
8.20
17.°0
4.00
27.8
8.0
C.0447
0.00374

51.1
12.0
63.1
1Z.0
2.8
14.8
0.908

0.96
0.45

.91

= LO0°F

4000
8.60
16,20
4.50
32.1
8.5
0.0480
0.0040
48.5
12.5
62.0
12.0
3.6
16.6
0.854

0.90
Odbd
Q.86

Correction for altitude temperature

10,750 ft.

20.0 in. Hg. abs., P; = 22.0 in, Hg. 3bs.

4500
8.70
14.50
5.20
33.4
11.0
0.0439
0.00408
L34
15.6
53.0
12.05
4.7
17.8
0.772

0.82
C.42

0.78

t = 20F 2= 0.0554 1bs/cu.ft.

15.6

1z.8

54.7
C.0C395
1.11
0.82

17.5
iz.9

51.9

0.00422

1009
Cc.79

8.8
ll#-l
46.7

0.00420 -

1.10
0.75
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Flow Test of Reed Valwves

December 4, 1952

Orifice Diameter 0.7<5 in. b, =t = 72°F
AProea P, P, an M g & at c
in.H,0 in.Hg.abs. in.Hg.abs. in.H,0 in.H,0 lbs/sec. 1bs/cu.ft.

8.10 29.00 28.40 29.90 12.00 0.0306 0.930 0.158 0.0725 0.077
12.85 27.86 26.90 29.90 28.45 0.0454 0.9%6 0.210 0.0696 0.039
14.96 27.28 26.1% 29.80 26.20 0.0511 0.959 0.225 0.0681 0.096

Orifice Dizmeter = 1.447 in.
18.60 29.20 27.90 22.70 2.67 0.0649 0,955 0.240 0.0730 0.106
24.75 28.890 26.96 29.60 4.10 0.03803 0.926 0.287 0.0720 0.112
30.490 28.49 26.16 29.50 5.46 0.0925 0.921 0.:17 0.0710 0.118
36.25 23.00 25.30 29.35 6.90 0.1038 0.904 0.345 0.0700 0.124
December 6, 1252
20,14 28.81 27.30 29.45 3.00 0.0685 0.948 0.255 0.0720 0.107
25.25 28.47 26.58 29.30 4.20 0.0810 0.934 0.290 0.0711 0.113
30.05 28.12 25.89 29.20 5.38 0.0915 0.922 0.315 0.0703 0.119
34.95 27.78 25.17 29.10 6.59 0.1010 0.906 0.342 0.0994 0.122
39.75 27.42 2445 29.00 7.81 0.1098 0.891 0.367 0.0635 0.125
45.60 27.01 23.60 28.85 9.28 0.1193 0.2374 0.290 0.0675 0.130
December 11, 1952
39.7 27.50 24455 29.05 7.85 0.1110 0.893 0.265 0.0%587 0.127
46.55 27.05 23.69 28.90 9.41 0.1202 0.874 0.390 0.0675 0.131
54.2 26,70 22.82 28.80 10.62 0.1272 0.856 0.415 0.06067 0.132
58.9 23.30 21.94 28.65 12,01 0.1353 0.835 0.438 0.0657 0.135
64.4 26,00 21.23 28,60 12.05 0.1410 0.817 0457 0.0650 0.136
68.2 25.80 20.75 28.50  13.74 0.1442  0.805 0.488 0.0645 0.137

75.4 25.41 19.83 28.40 15.07 0.1510 0,780 0.490 0.0635 0.139
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APPENDIX B

¥ethod of correction for temperzture

L
e = Ms (for 2 four-stroke engine or for the crankcsse

o V. N
/"i d of the two-stroke).

where ﬁia and /‘; are based on conditions at the inlet to the

crznkcese, P; and Ti' ¥hen Ti changes,//cg ~ L
T

i
But it has been determined experimentaliy that, for = four-stroke

engine

v 1
Ma~
Ve

z

because of heet transfer effects. For examcie, suppose T, is cut

i
in helf. Dus to the grester tempersturs differentizl between the
air end the hot engine pert:z it comes in contect with, the rste

of hezt transfer to the air is increased end whils theoretic:lly

A&g would be doubled, the actu:l incresse is only l.4, hence,

4m
¢

a‘ |

s S ™
.—k

Since the inlet process of the crankcase scavenged engine is.similer
to that of thne four-stroke in the respect of opportunity for heat
transfer to the fresn mixture, it is believed thrt the above
relation is & good zpproximation.

o
Msa ports

/42 Vd ;§T N

Re

1l
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Theoreticeliy, /as is at tane temperature cof tne mixture entering
the cylinder inlet port, TP’ and the pressure &t the exhaust port.
Since T_ wes not known, Ti has been used for all RS cazlculations.
However, by the seme reezsoning regarding heezt transfer effects,
it appears that TP ~ \/'-!‘-i-. L chenge in Ti -would not be expectec to
result in the sane meagnitude of change in TP, since the mixture must

undergo compression in the cranxcase before it reaches the port.

Therefore, if T, is assumed to be proportional to \/ Ty /os L
T

i

L
M ports = Ma crankcase

'-—I

Hence Ma ports A

R, o~

g

= const. with respect to Ti

v Tl
1
Therefore : _—
i ﬁ-i—
=<

VT,

1

The general ecuation for power output of a two-stroke engine is:

\'s T
I =N ‘4 e F.E %, _TI8
1728 TL /s % Tafe 71 32,000

If RS is constant with temperature e is constant witn tempersture

and the only varizble is /Os’ which i: proportional to _1

Vo

Therefore: I!{Pa = IHP

test 71
Talt. -

1t,
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APPENTIX C

Sample Calculation

This set of calculations has been csrried out for the con-
dition of Pg =P; = 20 in.Hg.zbs. =nd 4000 rpm. It is tyrical
of trose carried out for 211 other points.

. 2
(2)M, = 0.1145 D XY Po an -

T
N o

where K is the fiow coefficient, & function of Reyrolds number,
ené Y is ¢ correction for expansion. (See Sloan Leboratory Air

Flow YNotes)

M = 0.1145 (0.725)2(0.608)(0.982) /_30_ (19.6)
534

AZ= 0.0376 1b. per =ec.
Fy, (M)

0.0835 (0.0376) = 0.00314 lb.per sec.

(b) Mg

i

(c) bmep = 396,000 he
whers hf is the hydrauliec scele reeding in inches of mercury
end K is the overzll dynezmometer constent. (See Sloan Laboratory

Dynamometer Notes)

= 396,000 (13.70) = 41.0 psi
5000 (26.5)

(d) fmep = 396,000 b_

0

6,000 (4.80) = 4.4 psi
5000 (26+5



(e) imep = bmep + fmep
= /1.0 + 144 = 55.4 psi

(f) bhp = Nhf

K
= 4000 (13.70) = 10.97
5030

(g) fhp = Nh

K

= 400C (4.80)

5000

2.84

(h) ihp = bhp + fhp
= 10.97 + 3.84 = 14.8

1) Rs (observed) = Ma

7o (%) 3l

where /aé = P M
R T,
= 20 (70.2) (29) = 0.0495 1b/ft’
1545 (536)

R, = 0.0376 , ;

0.0495 [ 4000 260.5 \(10

( )17281, 9)

= 0.668

(3) By (corrected for leakage) = Ma [FA (observegl]
kS 0.079

£ ()i

=|F
A gobserved2] R
[ 0.079 s observed

= 0.0835 (0.668) = 0.70
0.079
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(k) Calculation of eg is iliustrated in Appendix D

(1) ®ve = M &
7 (5)(5)

where Pg = Py

e =fr }R
ve r‘-_lA) s

=(;g)(o.7o) = 0.78

(m) Altitude ihp = ihp Ti
Ta1t.
= 14.8 536 = 15.6
480
(n) £ltitude bhp = ihp - fhp

15.6 - 3.84 = 11.8

(o) Altitude brmep = bhp, (12)(33,000)
NV

a

=11.8 (12)(33,000) = 44.0 psi
7,000 %28.55

fvyr /!ri
T v

alt. .

il

(p) Altitude Mf

0.00314 /536 = 0.003315 1b/sec.

o 480
() Altitude bsfc = alt.M (3600)
alt. bhp
= 0,003315 (360C) = 1.01 1lb/bhp-hr.
11.8
(r) Mechanical efficiency, 7 mech, = bhp
ihp
=11.8 = 0.76

15.6
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APPENDIX D

Estimation of scevengirg efficiency

The indicated e{ficiency of eny engine is primarily & function
of compression ratio, fuel-eir ratio and spark advsnce. It is not
a function of speed or inlet pressure. Hence, it may be assumed
thet since best power fuel-sir ratio and :park advance was used
for £11 test points, tﬁ;'indicated efficiency wes constant for
all points. It should be noted thet this indiceted efficiency is
base¢ upon the fuel-azir mixture actually used in combustion and not
upon the measured fuel and air consumption of the engine. The
genersl equstion for the indiccted power output of e two-stroke

engine is

IHP ==[}1}&;~_ _3;__/F: estFAEc ?73 778

1728 r-1 33,000
vhere the quantity in the brackets islc7a', the mass of alr retained,
and FA is the true fuel-air ratio.
The value of 77& was determined by mesns of a fuel-air cycle
calculation using the Hottel charts for an engire operzting at the

seme conditions as the two-stroke. The method ic discussed in

Taylor and Tsylor znd only the calculation is included here.
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Pe =P 7 27.< in.Hg.abs. = 13.4 psis

, = o sgo
Tresiqual gas 2250°R (assumed)

f (weight ratio of residual gas to totel charge) = 4% (&ssumed)

H =40 (1-f) + 590 ¢
5y

= 40 (.96) + 590 (.04)

= 62 Btu.
T, = 605°R V; = 18.0 £¢° E, = 20 Btu
X
V, = 18/10 = 1.8 p, = 270psiaT2 = 1260°R ES2 = 163 Btu
E, = 1507 (1-f) + 300 (£)
= 1507 (.96) + 300 (.04)
= 1459 Btu
Eq = 1459 + 163 = 1622 Btu
= 3 = 12 3 =
v3 1.8 £t p3 1200 psis T3 5100°R
= 3 = i =2 o = 913
VL 18 f¢ p, = 69 psie T4 2980°R E4 912 Btu



-63-
work = (33 - EL) - (E; - E;)

(1622 - 913) - (163 - 20)

i}

566 Btu

T T .92?150‘75 e

The ratic of the indicated efficiency actually attained to the
fuel-air cycle efficiency vsries from .&0 to .20 with differert
engines. The value of :galwas chosen as & realistic assumption.

Hence,

i

7:1- -&0 70

.80 (.3292)

it

= .34
This value of /7} represents thc efficiency with which the fuel-air
mixture which is trapped in the cylinder is converted into work.
To eveluate the scavenging efficiency, the genersl ecuation
for indicuted power output is solved for e at each test point,
using the veiue of ihp determined from the test data. For example,

at the condition of Pg =Py = 20 in.Hg.ebs. and. 4000 rpm:

TP = 14.8, /2 = Pe ™ =20(70.8)(29) = 0.0495 1b/st> .
RT, 1545 (536)

True F, = 0.079 E, = 19,200 Btu/lb.

e, = IHP (1728) (23000)
N Vd ;§I /cg FAEC‘73 778

= 14.8 (1728) (33,000)
4000 (26.5) (10) (0.079) (19,200) (0.214) (778)
9

= .39
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APPENDIX E

Caiculstion of Steady Flow Coefficient and Guip Factor

The general equation for flow through en orifice is

Mg=he csilﬂ; #a

where @z 13{1_2_1_ [gz‘)%'(k)%—l—:,} 1/2
~ Py P1

and is used when pp/p, is greater than 0.528 (greater then critical)
The value of @, is plotted agsinst Pp/p, in figure 18. In the
flowr tests of the reed valves, Py = Px and P, = Pa2- The velocity of

sound in the irlet air i< found from the expression

Cgy = /g RhT k

= 2.2 (1545) (532) (1.
29

= 1135 ft.per sec.
The flow ecuation is solved for C using the measured vaiue of'ﬁha

determined in the test. For example, the last test point,

Dp

reed 75.L inches of Hy0, is calculated as follows:

as before,

M =0a145D2kY,./ o An
. o Y

o

0.1145 (1.447)2 (.705) (.995) 28:4 (15.07)

532

I

0.1510 1b. per sec.

P./P; = Rz =19.83 =0.780
P1 2541

from figure 18, @, = 0.490

The area used is the total area of the reed velve ports and the



65~

inlet density is 0.0635 1b/ft>

c=M,
o
By C51/2 P2
= 0.1510

( _4_.53)(11357 (0.0625) (0.490)
144

= 0.129
Velues of C computed in thics manner ere plotted vs r;1a in Figure ZC.

For & four-stroke engine,

Gulp factor, 3= zo— A L
c A [
si v av

where Cav is the average flow coefficient of the valve. If it is

assumed that the durztion reed is open is 150%® of crank angle, the

average flow during the inlet cycle is the observed flow, P’L,

divided by 150/360. For exemple, Z at the condition of p, = p; =
27.2 in.Hg.ebs. and 4000 rpm is determined as follows:

P;1a = C.0527 1b.per sec,

average flow = 0.2527 [ 360\= 0.125 lb.per sec.
150

from figure 20, C at this flow = 0.131 = Cav

(132

z (60) 9.62 1
1135 442 0.131

= 0.446

Kote that the steady flow coefficient must be determined at a value

of p, near the test condition of inlet pressure for which 2 is to be
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evalusted. Hence, figure 20 gives only values of Cav appliceble to
runs &t P = P; = 27.z in.Hg.ebs. Steady flow tests with py
throttled to a lower vzlue would be required to determine Cay and

% for conditions of lower inlet precsure.
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APPEADIX F

Inertie Forces on Connecting Rod

Teight of piston, pin znd rod 5.38 lbs.
crank radius r 1.275 irnches
connecting rod length, ,( 5.5 inches

Faex, ~Be =X [ re? (1 +f)]
g g
at 4500 rpm, @& = 2 47(4500) = 472
7

s, " 538 [ 42 e O 3200

= 532C 1bs.
The piston srea is 9.62 in®. Since the maximum gas prescure
at sea level probzbly does not exceed 500 psi,
max. gas force = 500(9.6z) = 4800 1lb.
Hence, it appears that the inertis force is always greater than
the gas force at this (meximum) speed and the rod would be sub-

jected to a stress reverszl each cycle.
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APPENDIY G
Discussion of Air Leskage into Crankcase

When the pressure in the inlet tank (and the crankcase) was
reduced to below atmospheric, it was noted that the observed fuel-
sir ratio for best power chenged. The tsbuleted datz in Appendix A
shows this effect; at near sea level inlet prescure the best power
ratic was 0.078 while at an inlet pressure of 20 in.Hg.sbs. the
ratio appesred to be 0.092. Since the actual fuel-eir ratio for becst
power is known to be essentially independent of inlet pressure, it was
obvious that a quantity of air wes being inducted into the engine
which was‘not being measured. The primary source of leakage appeared
to be the seals at the ends of the crankshaft. These were not de-
signed to operzte under appreciable pressure differences; in
operation the engine inducts its air at the pressure of its sur~
roundings aznd the pressure fluctuations in the crankcase are so rapid
as to make leaksge at the seals negligible. However, in simuleting
altitude conditions in the lasborutory, the inlet and exhaust pressures
are below atmospheric while the engine is surrounded by air &t sea
level pressure. Hence, there is a constant préssure difference
between the inside and outside of the engine crankcase in addition
to the fluctuating prescure caused by the crankcase compression.
Figure 1, showing the porting arrangement, illustrates how this can
occur.

It is likely thzt the performance of the engine is affected
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differentiy by zir obteined from leakage rather than from the
actuel inlet system. It was, therefore, desired to reduce the
lezkage to a minimum rzther than to correet for it. The method
used to accomplish this wes discussed in Section III, Apperatus,
and the degree to which it was successful is shown in figure 10.
This indicctes that a smzll amount of leaksge wzs still present and
figure 10 was used to form & correction factor for it. The amount
of leakege was taken as being proportional to the change ;n the
observed best power fuel-air retio, assuming the observed ratio at
an inlet pressure of 27.2 in.Hg.ebs. to be the true best power rstio.
Since theAtop of a fuel-zir ratio curve is too flzt to define an
exzact velue, the comparison was made =zt the point of 98» maximum
load on each curve. The fuel-air ratios so determined were then
muitiplied by 1.1 to obtain the best power vzlue for each inlet
pressure condition. These values were noted in Section IV, Test
Procedure, znd are referred to &s the observed fuel-air ratio for
best power. It should be noted that the actuzl fuel-sir ratio in

the engine is now assumed constant for 21l irlet pressures at 0.079.
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