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SUMMARY

" An invegtigation was conducted to determine the effect on the
performance of a two-valve air-cooled aircraft cylinder of increas-
‘ing the valve overlep from the conventional value of 40° %o 130°,
Direct cylinder injection of fuel wes used throughout the investi-
gation, which covered a range of inleh and exhaust pressuree at
engine spoeds of 2000, 2500, snd 2800 wvpm. During scme of the runs
with 130° valve overlszp, & ges-ssmpling velve was installed in the
cylinder head to deteimine the ccmbugtion fuel~alr ratio.

With the 130° valve overlap, nearly complete clearance-volume
scavenging was obtained with a consequent increase in power output
of approximately 20 percent over thet obtzined with no scavenging.
Scavenging without loas of fresh charge was confined to a narrow
renge of exhaust-to-inlet-pressure ratios, especially at the lower
engine speeds. Gas samples teken from the cylinder head during
the combustion process showed that, when complete clearance-volume
scavenging was obtained, apprcximately 50 percent of the increased
charge-air flow was wasted in the scavenging process., Despite the
increagsed power output with the 130° valve overlap, the cooling
effect of the scavenging eir was sufficient to prevent any increase
in the exhaust-valve-seat temperature and decreased the exhaust-
valve-guide temperature as much as S0° ¥,

INTRODUCTICON

The use of large valve overlap for scavenging and chearging
the cylinders of a supercharged engine has been shown to be an
effective means of increasing the power. Schey and Young (refer-
ence 1) have shown that for Jow-speed cperation with a four-valve
cylinder practically all the ideal increase in power obtazinable
with complete scavenging was realized with a valve overlap of 1120,
Slightly longer periods of overlap were used in the investigation
of referénce 2 to obtain comperable scavenging at intermediate
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speeds and it was shown that scavenging a two-valve combustion
chamber was more difficult than scavenging a four-valve chamber.
The difference was attributed to alr flowing directly from the
inlet port to the exhaust port of the two-valve cylinder without
completely sweeping the residual gases from the combuetion chamber.
This condition may be aggravated if a low-turbulence condition
exists.

Valve-overlap scavenging in combination with direct fuel
injection and an exhaust turbine is considered a good method of
increasing the net power of an engine. Within a limited range of
altitude, valve-overlap scavenging is beneficial without the use
of an exhaust turbine. Although the general performance effects
of valve-overlap scavenging have been known, the actual performance
characterlistics over a wide range of exhaust-to-inlet-pressure
ratiog have been unsvailable, ‘ '

An investigation was made at the NACA Cleveland laboratory to
determine, for a-two-valve air-ccoled aircraft cylinder, the effects
of large valve overlap om performance over a wide range of exhaust
and inlet-manifold pressures. The single-cylinder engine performance
furnishes cylinder cyecle information necessary for analysisg of a
combination of engine, supercharger, and exhaust turbine. The valve
‘overlap used in this investigstion, which was selected from refer-
ences 1 and 2, wag 1309, Comparative performance was obtained with
40° overlap, vhich is standard timing for the engine from which the
cylinder was taken. The performance of the engine with the two
valve timings wag compared over a range of exhaust-to-inlet-pressure
ratios from approximately 0.1 to 1.3 at engine speeds of 2000, 2500,
and 2800 rpm. During part of the investigation with 1300 overlap,

. the combustion fuel-air ratio waeg determined from gas samples
obtained through a sampling valve ingtalled in the cylinder head.
From these data, the relative magnitudes of charge alr burned and
charge air wasted or lost through the exhaust valve during the
scavenging process could be determined. The internal-cooling effect
of large scavenging air flow was measured by comparing data on
irternal cylinder temperatures for similar operating conditions with
both valve timings at a constant rear-spark-plug-gasket temperature.

APPARATUS AND INSTRUMENTATION
Engine. - This investigation.was conducted on a single-cylinder

engine consisting of a two-valve, air-cooled, aircraft cylinder
mounted. on a CUE crankcage. A schematic diagram of the setup is

shown in figure 1. The cylinder had a bore of 6% inches and a stroke
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of 6% inches with a measured compression ratio of 6.1, An NACA
balenced-diaphragm torque indicator (reference 3) was used to
measure the power absorbed or delivered by a 300-horsepower
dynamometer. The speed of the dynamometer was controlled by an
electronic device. Engine speed was measured by an electrically
interconnected stop watch and revolution counter. The. sperk timing
was set at 20° B.T.C. The over-all accuracy of the instrumentstion
wag estimated to be between 1.0 and 1.5 percent.

Valve timing. - Standard valve timing for the cylinder pro-
duced 40° valve cverlap. Because increasing the valve-overlap
period to 130° without changing the inlet-cloging and the exhaust-
opening pericds was desired, a get of cams was constructed by
inserting suitable dwells at the maximum 1ift portion of the
LoP-overlap cam profiles, thereby meintaining the same rate of
valve travel and maximum valve 1ift for both sets of cams. The
two valve timings were:

Valve-overlep cams

Io 130°

Inlet opens 22° B.7.C.| 66° B.T.C.

Tnlet closes |46° A.B.C.|46° A.B.C.
Exhaust opens |80° B,B.C.|80° B.B.C.

Exhaust closes |18° A.T.C.{64° A.T.C,

Fuel system. - A sketch of the high-pressure part of the fuel
system is shown in figure 2. TFuel was supplied from a single-
cylinder high-speed pump that held the start of injection congtant
end allowed the end of injection to vary with fuel flow. The fuel
wag directly injJected into the cylinder with a epring-lozded noz-
zle at a pressure of 400 pounds per square inch. The nozzle was
located between the front spark plug and the inlet valve and
gprayed fuel across the path of the incoming cherge air. The
fuel used throughout the procedure was 100-octane gascliné znd
wag measured with a 200 pound-per-houyr rotameter calibrated for
this fuel. SR

Cooling-air system. - A steel duct encased the cylinder and
a get of standard baffles directed the cooling air arcund the
cylinder. The baffles were extended to seal the sides, the top,
and the bottom of the steel duct, as shown in figure 2. The
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cooling air was taken from the laboratory cooling-air system,
brought to the front of the steel duct through 2 16-inch pipe,
removed. from the rear of the duct through a similar pipe, and
discharged to the atmosphere. '

Cherge-air and exhaust systems, - Charge air waz supplied
from the lzboratory. combustion-air system through a pressure- -
control valve and a set of electrical air heaters to a surge tank
of about 1O-cubic-feet capacity, which dempened pulsations in the
system. The inlet pipe and the surge tank (fig, 2) were insulated
to prevent excessive heat losses. The inlet-monifold-presgure tap
wag located in the surge tank., Charge-air welght was measured
with a 1.5-inch thin-plate orifice in a pipe of 4,02~inch ingide
diameter located hetween the pressurer-control valve and the air
heater. All measurements were taken to comply with A.S.M.E. orifice
practice for a thin-plaete orifice and flange pressure taps.

As shown in figure 1, the exhsvst gases from the engine flowed
into a L-cubic-foot muffler. Frcom the nuffler, the exhaust gases
flowed into a cooling tank of about 5-cubic~feet capacity and then
to the laboratory exhaust systems. The pressure in the exhaust
gystem was measured near the tank. Cooling water was sprayed into
the exhaust pipe about 28 inches downstrezm of the cylinder exhoust
flange.

Gag-sampling ecuipment, - In order to deteimine the actual
operating fuel-alr ratio for some of the runs with the 130° valve
overlap, exhaust-gas samples were taken from the combustion chom-
ber with an electrically operated ssmpling velve. The sampling
element was fitted with electrodes and served boeth as a front spark
plug and as a sampling valve. The valve in its normal position was
held closed by a spring and was opened by a magnetic coil thetb
obtained current from & condenser. The condenger was dlschirged
by a set of contact pointes that were Iitted with a vernier adjust-
nent to compensate for speed.  The valve was set to open at 100° A.T.C.
on the power stroke and was estimated to stay open for crank twavel
of 2% to 30, depending on the engine speed. The gas samples were
passed through an oxidizing furnace and then znalyzed in an Orsat
apparatus according to the method of reference k.

Temperature measurements. - Prcbe-type thermocoupleg were used
to meagsure the oil aend charge-air temperatures. Temperaturee of
the exhaust~valve guide and seat were measured by a thermccouple
inserted in each of these parts. The temperature vnder the rear
spark plug was measured with a gasket-type thermoccuple. All
temperatures were read on a self-balancing potenticmeter.
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__MPTHODS AND PROCEDURE .

Preliminary investigations. - The fuel pump was timed to start
injecting fuel into the cylinder at 70° A.T.C. in accowdance with
the results of relfsrence 2. The timing was viSual}y get through the
use of a strobugscopic light. Investigations were made over a range
of engine speed ané fuel flow, for which the start of injection did
not vary more than #5 crank degrees throughous. This accuracy was
congidered sgtisfactory because the engine performance was insensi-
tive to slight changes in injection timing in this part of the cycle,

The accuracy of the exhaust-gas sanmpling valve wag determined
by operating the engine with the 40°-overlap cems at equal inlet~:
manifold and exhaust prossures over a range of fuel-air ratios.at .
an engine sreed of 2700 rpm.- The results of the investigation are
shown in figure 3 where the fuel-air ratios determined from the
measured quantities of charge-zir and fuel flow are compared with
the fuel-alr ratioe determined from the exhaust-gas sampling wvalve.
Close agreement between the twe methods of determining the fuel-air
ratio was obtained. The percentage change in indicated mean
effective pressure from the meximum obhained as the fuel-air ratio
was varied from approximately 0.05 to 0,105 is also shown in
figure 3.  Maximum indicated mean effective Presgure was obtained
at a fuel-air ratio of 0,08; the percentage change in power with
an incrementzl change in fuel-air ratio was much smaller on the
rich side of 0.08 then on the lean side.

With standard valve timing, the overlap period was assumed
to be so smell that no fresh charge air would be lost through the
exhavst valve under any of the operating conditions. of the program.
In order to prove this assumption, en invegtigation was conducted
in which the: inlet-menifold pressure and temperature, the engine
specd, and the fuel-zir ratio were held constant at 35 inches of
mercury sbsolute, 200° F, 2000 rpm, and 0.09, respectively, and
the exhoust pressure was varied from approximately injet-manifold
pregeure to a value considerably below it. The gas-gaupling valve
wag used to determine the cowbustion fuvel-air ratio, and because
the fuel was injected after the exhaust valve cloged, any loss in
charge air-would be indicated by a differemce between the fuel-air
ratios determined from the messured intake of fuel and air and
from the gas-sampling valve. The following table shows the results
of the investigation: ; :
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Exhaust pressure | Fuel-air ratio,| Fuel-air ratio,
Inlet pressure measgured intake| exhaust-gas
pe/pm gampling valve
1.077 0.0915 0.0912
994 . 0909 . 0902
o811 _ . 0909 .0906
59 .0906 . 0910
a3k ~.0906 .0916
243 . 0906 0915

These data show that a negligible amount of charge air was lost
inasmuch as the two methods of measuring fuel-air ratic indicate
nearly the same values. It was therefore considered safe to
eliminate the use of the gas-sampling valve during operation with
the 40° overlap. '

Performance investigations. - The engine was operated at speeds

of 2000 and 2500 rpm with inlet-manifold pressures of 25, 35, and

45 inches of mercury zbsolute and at 2800 rpm with inlet-manifold
pressures of 30 and 40 inches of mercury absolute. At each engine
speed and inlet-manifold pressure, the exhaust pressure was varied
over a wide range for both the 40° and 130° valve-overlap timings.
All investigations were run with a rear-spark-plug-gasket tempera-
ture of 400° F and a charge-air temperature of 200° F. The friction
horsepower was obtained by motoring the engine at the same inlet-
manifold pressure, exhaugst pressure, and speed as the power runs.

Because it was shown in the preliminary investigations that
no charge air was lost through the exhaust valve with 4LO° valve
overlap, the ratio of fuel flow to charge-air flow was congidered
as the combustion fuel-air ratio and was held constant at a value
of 0.09. During those runs with the 130° overlap in which the
fuel-air ratio was not determined by using the gas-sumpling valve,
the fuel flow was set by maintaining the. same indicated specific
fuel consumption as had been previously obtained under the same
conditions with the 40° overlap valve timing. Occasional checks
with the gas-sampling valve showed that this method of setting the
fuel flow was sufficiently accurate to warrant its use for mixture
setting and also saved considerasble time. In operation with
exhaust precsures higher than inlet pressures, the fuel-air ratio
with the 130° valve overlap timing could, of course, be determined
from the measured inlet values because no charge air was wasted.
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RESULTS AND DISCUSSION

Gencrwl pecformancn characteristics. - The curves of figure L

show the effect on indicated mezn effective pressure and charge-
air flow of varying the ratio of exhaust ebsolute to inlet absolute
pressure Pg/p, for both 40° and 130° valve overlaps. A much
greater variation in both indicated mean effective pressure and
charge-air flow was obtained with the 130° overlap. When the
exhauat pressure was lower than the inlet pressure, the increase
in indicated mean effective pressure with the 130° overlap was
largely due tc the action of the .scavenging air in sweeping the
residual gases from the clearsnce volume of the cylinder. The
increase in charge-~air flcw wae due both to the increased air
burned in the clearance space as a result of scavenging and to
air loat through' the exhuzust valve during the scavenging process.
As the exhaust pressure incressed above the value of inlet preas-
sure, the charge-air flow and indicated mean effective pressure
repidly decreaged owing to .the presence of excessive exhaust gas
in the cylinder resulting from reversal of flow through the exhaust
velve, The comparatively smell. change in both indicated mean
effective pressure snd charge-air flow with 40° valve overlap can
be attributed to the expansion or.compression of the residual gases
2 In the clearance volume of the cylimder resulting when the exh
pres suros are higher or lower than the inlet pressure.

- - The following table ghows the maximum percentage incréase in
indicated mean effective pressure with an increase in the valve
overlsp obtained at any value of - 8 /P, ©over the range of engine
gpeeds and manifold pressures covered %y this investigation.

EnginelInlet Exhaust pregsure |imep imep Increase
speed |manifold| Thiet pressure  |with 130°|with 40°|in imep
(rom) |pressure| y valve valve with 130°
(in. Hg Pe /Py overlap |overlap |valve over-
abs.’) (1b/sq (1b/sq [lap (percent)
in.) in.
2000 25 (o My : 143.5 12h.5 15,3
2000 | 35 Wt 201..0 176.5 13.9
2000 45 .70 264.0 232,0 13.8
2500 B5 % do 138.5 118.5 16.9
2500 35 i . 191.0 169.0 13.0
¥ 2500 b5 <75 247.0 220.5 12,0
2800 30 o e R 155.0 136.0 g, o
2800 Lo i i 206.5 184.0 12.2




8 NACA TN No. 1475

The value of pe/‘p]n at which the maximum percentage increase in
indicated mean effective pressure occurred in the preceding table
need not and sometimes does not coincide with the value of pe/gm
corresponding to maximum power output with 130° valve overlap
because in this range of pe/pﬁ, the indicated mean effective
pressure was increasing with decreasing pe/pm' for both the 40°
and 130° overlaps. The increased indicated mean effective pressure
gshown in this table is that obtained with the increased scavenging
effect of the higher valve overlap. Nearly all the meximum percent-
age increases in power were obtained at values of Pe/Pm between
0.70 and approximately 0.80, irrvespective of engine speed or
manifold pressure.

Because other investigations have sxperienced more difficulty
in scavenging two-valve cylinders than the several other types
investigated, it is interesting to determine whether complete scav-
enging was obtained. As mentioned in reference 1, the theoretical
ratio of power with complete clearance-volume scavenging to power
with no scavenging is r/r-1, where »r is the compression ratio.
Owing to probable inertia effects, the power curves of figure 4 do
not intersect when the exhaust and inlet pressures are equal. The
indicated mean effective pressure value at which no clearance-volume
gcavenging occurred probably should be taken as the point on the
LoO-overlap curvesg corresponding to pe/pm value of 1,0, " MheSEol=
lowing table shows the ratio of meximum power with 130° overlap to
power with no clearance-volume scavenging, the point with no
clearance-volume scavenging being taken as the indicated mean
effective pressure with 40° overlap at equal exhaust and inlet
pressures:

Engine|Inlet imep Pe /Pny imep . . Power
speed |pressure| (1b/sg in.) (1b/sq in.) ratio
(rpm) | (in. Hg |[130° valve overlap |40° valve overlap®
abs., ) _
2000 25 14l - 0,72 il A0
2000 |{. 38 . 20l A 172 %
2000 45 . 26h 67 226 _ i ity
2500 25 139 ' ;56 215 1Lan
2500 35 192 .68 161 1,39
2500 L5 249 .65 204 1.22
2800 30 i 1Bb .80 132 1.0
2800 Lo : 208 04 1y e g

“For 40° valve overlap, p_J/p is 1.0,
: - o
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Because the compression ratio was 6.1, the ‘theoretical ratio of
indicated mean effective pressure with complete clearsnce-volume
scavenging to the indicated mean effective pressure with no scav-
enging should be 1.195. Because the data are quite close to this
value, nearly complete clearance-volume gcavenging was appavently
obtained in all cases with 130° valve overlap., This same result
might have been deduced from the charge-air and indicated*mesn-~
effective-pressure curves of figure 4, where it can be seen that
the charge-air flow increased about 10 percent as the values of
Pe/Pm decreased beyond the point of maximum pover with 130° over-

lap. Any residuzl gas in the combustion chamber should have been
removed by this additional air flow with a consequent increase in
power but the power did not increase, which indicated that no v
regldual gas was left in the clearance volume, that is, complete
scavenging was obtained. ;

The curves of figure 4 for 130° valve overlap indicated a loss
in indicated mean effective prsssure of about 3 percent at low
pe/pm values, This loss was accompanied by an increase in air
consumption of approximately L0 percent and as long as the air flow
continued to increase the indicated mean effective pressure decreased,
but when the maximum air flow was eventually rezched the indicated
mean effective pressure remained very nearly constant with further
decrease in pe/p . Thus the power variation in this region.was

apparently. a result of the excessive scavenging air flow; which
carried with it a greater percentage of the total heat of combus-
tion to the exhaust. This hest loss overcame the increased charge~-
density effect expected to result from internal cooling and the net
result wss a slight loss rather than a gain in indicated mean
effective pressure at very low wvalues of pe/pm.

. Specific alr consumption and volumetric efficiencies., - The
indicated specific air consumption and the volumetric efficiency
are plotted against pg/p, in figure 5, In this report, volumetric
efficiency is defined as the ratic of the volume of air inducted
“into the cylinder, determined from measurements of pressure and
temperature at the inlet surge tank, to the displacement volume of
the cylinder. The air inducted included the air remaining in the
cylinder as well as that lost in the scavenging process. The
volumetric efficiency varies over a considerably wider range with
130° valve overlap than with 40° valve overlap owing to both the
large scavenging air flow and charge air wasted at low valuse of
Pe /Py &nd to backflow of exhaust ges at high velues of 92/
The data at any one speed and valve cverlap fell on the same curve
regardless of change in inlet pressure. The maximum value of
volumetric efficiency increased with a decresge in engine speed
because of the increased time available for scavenging air flow,
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The large increase in rate' of indicated specific air consumption p

per indicated horsepower with decreased values of pe/pm ig char-
acteristic of large valve overlap. The small range of pressure
ratios in which scavenging was obtained with no loss of fresh charge
consigte of the region between the intersection of the volumetric-
efficiency curves and the intersection of the specific-alr-consumptlon
curves. ‘This region ie quite narrow especially al an engine gpeed
of 2000 rpmshowing that scavenging air was being wasted almost as
goon ags it began to flow. The small increase in indicated specific
air consumpticon with 40° overlap as the value of pe/pm decreased
was apparently caused by some change in combustion efficlency becauge
no charge air wag lost with standard valve -timing.

Charge-air utilization. - The charge-air utilization is pre-
sented in figure 6 for engine operating conditions of 25 and 35 inches
of mercury absolute at 2000 rpm and 25 inches of mercury sbsolute
at 2500 rpm, From gas-sample data showing the fuel-air ratic at
the time of combustion, the amount of air actually enmtering into
the combustion process was computed by the equation

¥

a = v

(¥ /a)
where
a charge air in cylinder at time of ccmbustion, (1b/min)

F/A fuel-air ratio at time of ccmbustion as obtained from gos-
sampling apparabus ' ’

7 fuel flow to cylinder, (1b/min)

The values of actual charge air burned are shown together with the
total charge air for both the 130° and 40° overlap velve timings
in figure 6. The total charge-air flow was obtained from the air-

measuring system in the combustion-air line, as previously described.

The utilization factor is defined as the part. of the total °
charge air utilized by the cylinder and is expressed Dy the equation

a

.Utilization ‘factor = : y—
Total charge-air flow
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The following table shows some values of the utillzation factor

dbtalned from tne ourves. of figurs 6

Y

Charge air

Inlet Engine Exhaust'pressure, Total "Utiliza-
progsure| speed | Tniet pressure | in cylinder| charge- |tion ..
(in. He | (rpm) . /o ' _a  |air flow|factor
abs, ) : o/*m (1b/min) | (1b/min) T
0.9 6.32 6.50 | 0.972

Jort s & 6.85 7.70 .890..
e3 2000 o5 CTi05 8.30 . -..050.

: el 7.68 . 8.55 .828
o 7,88 8.58 625
0.9 895 8.80 0.995
4 9.75 10.85 .500
35 2000 5 9,80 11,80 .830
.3 9,80 % o .810
! 9.80 12.15 .805

0,9 7.60 7.60 1,000
7 8.40 8.90 .o45
25 2500 8 8.40 9.50 .885
! ' 3 8.40 8.5 860
35 8.40 9.80 ".860

The ubllizabtlon factor rapidly decreased with an increase in scav-
enging because at the lower values of ?e/Pm a considerable amount
of the increase in air flow was wasted in the scavenging process.
For example, at an engine speed of 2000 rpm, an inlet pressure of
35 incheas of mercury absolute and a value of Pu/Pm of 0.5, the
c¢harge air trapped in the clearance volume with 130° valve overlap
was increase apnroximately 0,70 pound per minute over that trapped
with 40° valve overlap whereas the increase in total charge air
gupplied was approximately 2.70 pounds per mimute. The difference
in these quantities decreased with increased exhaust pressure and
-at a value of pg /n of 0.70 only 50 percent of the increased
charge-air {low Witn 130° overlap was wagted in scavenging the
clearance volume. Even before complete scavengi ng wag obtained, a
considerable amount of air wag lost during the 130° overlap period.
Because complete removal of residual gases from the clearence
volume has been obtained on a four-valve cylinder with small d4if-
ferences between inlet and sxhaust pressures (refowence 2), there
ig a possibility that, up to the point of complete scavenging,
leas air will be wastud in the scavenging process on a four-valve
engine than on a two-valve engine. ;
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- It 1B evident from the preceding teble that a smaller percent-
age of charge alr was wasted at 2500 rpm than et 2000 rpm. As the
pe/pm ratio was decreased from approximetely 0.5, there was compara-
“ively little increage in percentage of gcavenging air wasted at
either speed. The utilization factor was approximately the same at
2000 rpm for inlet pressures of both 25 and 35 inches of mercury,
which indicated that at a constant speed, the utilization faetor
wag dependent only on variations in the value of Pe/Pm’ within
the range -of pressures investigested.

Effect of increased valve overlap on cylinder temperatures. -
The effect of increasged valve overlap on the cooling of the cylinder
wag determined by comparing the temperatures of the exhzust-valve
guide and seat for 130° valve overlap with those for 40° valve over-
lap as the exhaust-inlet pressure ratio was varied over a wide range
et constent inlet-manifold pressure, engine speed., and rear-spark-
plug-gasket temperature. A reduction of as much as 50° F in the
exhzusgt-valve-guide temperature was obtainsd with the 130° overlap
but no significant change was observed in the exheust-valve-seat
temperature. The increased charge coir burned with the 130° overlap
tended to Increase these temperatures, vhereas the presence of the
scavenging air had a cooling effect. Because the exhsust-valve-
guide temperature normally ran much hotter than the exhsust-valve
seat, the scavenging air was more effective in cooling the exhaust-
valve guide than the velve seat. The scevenging air was therefore
effective in reducing the hottest tempersture and at the seme time
permitted no increase in the valve-seat temperature despite the
increased power oubput of the cylinder.

SUMMARY OF RESULTS

From an investigation of the effecte of valve-overlap scaveng-
ing on the performence of an aircraft cylinder, the following
results were obtained:

1. With 130° valve overlap, nearly complete clearance-volume
scavenging wag obtained with a consequent power increase of approxi-
mately 20 percent as compared with that obtained with L40° overlap
at an exhoust-pressure ~to-inlet -pressure ratio of 1.0,

2. Scavenging without loss of fresh charge was limlted to a
narrow range of exhaust-pressure-to-inlet-pressure ratios, especially
at the lower engine speeds. ‘

3. In order to obtain complete scavenging on the two-valve
cylinder, approximately 50 percent of the increased charge air was
wasted 1n the scavenging process.
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4, Although & power increase wag obtained by using 130° over-

lap, the cooling effect of the scavenging air was sufficient to
hold. the exhaust-valve-seat temperature constant and to reduce the
exhaust-valve-guide temperature by a8 much as s ik

Tlight Propulsion Research Laboratory,

o

Naticnal Advigory Committee for Aeronautics,
Clevelend, Ohio, August 8, 1947.
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Figure 3. - Accuracy of exhaust-gas sampling valve and percentage change
in power output with fuel-air ratio. Valve overlap, 40°; inlet-
manifold pressure, 35 inches mercury absolute; exhaust pressure, 35
inches mercury absolute; engine speed, 2000 rpm; combustion-air tem-
perature, 200° F.
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(a) Engine speed, 2000 rpm.

Figure 4. - Variation of indicated mean effective pressure and charge-
air flow with ratio of exhaust absolute pressure to inlet absolute
pressure.
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Figure 4. - Continued. Variation of indicated mean effective pressure

and charge-air flow with ratio of exhaust absolute pressure to inlet
absolute pressure.
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Figure 4. - Concluded. Variation of indicated mean effective pressure

and charge-air flow with ratio of exhaust absolute pressure to inlet"

absolute pressure.
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Figure 5. - Vvariation of volumetric efficiency and indicated specific

air consumption with ratio
solute pressure.
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Figure 5. - Continued. Variation of volumetric efficiency and indicated

specific air consumption with ratio of exhaust absolute pressure to
inlet absolute pressure.
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Figure 5. - Concluded. Variation of volumetric efficiency and indicated
specific air consumption with ratio of exhaust absolute pressure to
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Figure 6. - Utilization of charge-air flow with 130° valve overlap de-
termined from combustion-gas samples.
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