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SUMMARY oL =

} An investigation was mede %o determine the effect of exhaust
pressure on the performance of an 18-cylinder alr-cooled redial engine
equipped with a conventicnal exhaust collector ring. The investiga-
tion covered a range of engine speeds from 1200 to 2400 rpm, inlet-
manifold pressures from 30 to 45 inches of mercury absclute, and
fuel-air ratios of 0.069, 0.085, and 0.100. The exhaust pressure was
varied, in general, from approximately 7 inches of merciry absolute

to about 20 inches of mercury above the inlet.-manifold pressure.

The engine power increased at a diminishing rate as exkaust pres-
sure decreased. ' For any given engine speed and fuel-air ratio, good
cnrrelation of the power over ths complete test range of inlet-manifold
rressure and exhaust pressure was cbtained by plotting the ratio of
indicated mean effective pressure to inlet-manifold pressure agalnst
the ratlo ol exhsust pressure to inlet-manifold pressurs. -

When the Tatioc of the brake horsepover at any exhaust pressure

%c the brake horsepowsr at the same engine speed, fuel-alr _ratio, and
inlet-menifold pressure but at an exhaust preszure equal to inlet-
manifold pressure was plotted sgainst the ratio of the exhaust pressure
to the inlet-manifould pressurs, a single curve resulted for each
engine speed regardless of inlet-manifold pressure, exhaust pressure,
cr Juel-air. ratio. ' ' ' e

The average cylinder-head temperatures were found to increase as
the exhaust pressure increased at constant conditions of fuel-alr
ratlo, engine apeed, inlet-manifold pressure, and cooling-alr pressure
drop. The offeoct became morce marked as the fuel-air ratlo deoreasad
from 0.100 t0.0.089/
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INTRODUCTION

he efflicient utilization of the energy in the exhaust gases of
an alrcraft engine 1s of importence as a means of obtainlng improved
power-plant performance. The possibility of improving engine yperiorm-
ance by gearing a turbosupercharger to the engine crankshaft 1s dis-
cussed in roferende 1. The turhbine power in excess of that required
for supercharging is available to the propeller. In order to increase
the turbine power at a fixed set of engine opsrating conditions,
higher exhaust preassures than satmospheric pressure must be imposed
on the engine, which results in a reduction in engine powor and
charge-~air flow. The distribution of power between the engine and
the wurbine for either minimum spscific fuel consumption or maximum
net power willl depend on the reaction of the brake power and the charge-
alr flow of the englne to increused exhaust-pressures. Reference 2
shows that exhaust pressure has an apvroeclable effect on engline
performance and this effect varies with the particular engire ilnvos-
tigated.

L dynemomoter Investigation weae therafore conducted at the NACA
Cleveoland laboratory to dotermino the effect of exhaust pressuirro on
the performance of an 18-cylinder air-cooled radiasl ongine with a
valve =verlap of 40° The investigaition covered a rangc of ongino
gpeeds from 1200 to 2400 rpm, 1nlet-manifold pressures from 30 to
45 inches of mercury absolute, and fuol-air ratios of 0.069, 0.085,
and 0.100. Runs were madc with various combinations of the variables
and, 1in general, the exhaust pressure was varied from approximntcly
7 ilnches of mercury absolute to about 20 inches of mercury above tho
:nlet manifold pressurc. The offoct of exhaust pressure on engine
POWor wae correlated by two methods: indicated power by tho mothod
dovelopod in roforence 2 and brake power by a mothod dovoloped in the
presont report. Curves arc presonted that show the cffect of exhaust
pressure on onglne power, charge-air flow, volumeiric efficloncy, and
oxhaust-ges temperature.

During this investlgetlon, cooling data wore tekon and tho offoct
of oxhaust progsure on cooling is-reported in reforonce 3.

INSTALLATION AND INSTRUMENTATION

sn R-2800-5 (4 sories) 18-cylinder air-cooled radial engine was
uged. The onginc 1s rated for take-~off at 1850 brake horsepower at
an engine speed of 2600 rpm with a maximum continuous rating of
150t} brake horsepower at 2400 rpm with the suporcharger in low gear
ratio and 1450 brake horscpower at 2400 rpm with the suporcharger in
high gear ratlo. Portinent specifications of tho engine aro:
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Bore, inchoS + « ¢ « & n s & & & e s @ : « $e o s a & & ¢ & 5.75
S‘trOke, inohes . - * . . s e LY . . . . L] . .- . . u a e a . [ 6 -OO
Displacement, cubic Inches « « « o & o « o & ¢ « o ¢« « + & o« ¢ 2504
Compresslon PAtio « o« ¢ ¢ « »c 3 € 5 5 2 8 o2 o 6 & s+ o s o 5.63
Reduction-gear TRELIO o ¢« o o 4 o s o o o « o« « s s « o s « o o &1L
Valve overlap, AGGYEO8 « « + ¢ s ¢ s » o o« » N 40
Shark setting, degrees B.T.C. ¢ o« ¢ ¢ « v ¢ ¢ ¢« o v ¢ o o o » ¢ 25
Luvweller. dlemeter, inches .« . « « . T

Supercharger-gear ratio: . . _ _
IJOW « = « a (] ¢« ® ‘« & o . - . . . . . - L ] -. ; L] ¢« o n _716:1
ir,h B 4 8 e e e . €'« s @ * 8 . LA B . . e . . . e e 9-4:5:1

The setup 1s shown in. figures 1 and 2; the engine was rigidly
supported on its mounting structure and was oonnected by an extension
shaft to a 2000-horsepower eddy-vurrent dynamometer. Dynamcmeter
torque was measured with a balanced-dlaphragm torguemeter of the type
deacribed in reference 4. Engine speed was measured with a chrono-
metric tachometer. . .

Cooling air from the laboratory supply 5jstom was delivered to
the top of an alr box located between the ehgine and the dynamometer.
This ‘box served as a large air reservoir for providing & uniform
cooling-air dlstribution over the front of the engine. The cooling
air flowed from the gir box through a feiryed nozzle section, across

the engine through the cylindrical ongins cowling, and discharged ] B
into the room . . : ] —

The induction system could be augmonted- by the laboratory
combustion-air supply whon necessary. A butterfly valve was located
in the charge-air pipo between the charge-asir orifice and the engine
to- allow adJustment. of the carburetor-inlet pressure to such a value
thet .the desired inlet-manifold prossure (blower-rim pressure) could
be obtained with Ffull-cpen ongine throttle. Turning vanos wore
installed in the pipe ahead of the carburetor in oxdor to insure
uniform charge-air distribution at the carburetor top deck. Chargo-
air flow was measured by a thin-plate orifice installed according

to A.S.M.E. specifications, in the pipe approximately 30 foct upstream
of the carburetor.

A nocdle valvo in a line comnccting tho high prossure chambetr of
the carburctor with the fuel nozzlo was used to regulate the fuecl
flow in order to.malintain constent fuel-alr ratios. The rate of flow

of the. fuel (AN%F-ZB -Amendment 2) was measurced by a calibratod
rotomotor.

The exhaust-gas colloctor ring was the type used in the turbo-
superchargor installations on the P-47 airplsne and was built in
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H@lf-sbctionél‘onehforfeaoﬁ side-of ﬁhé éngine. The halves of the
collector.ring Were -conmnected to the laboratory altitude exhaust

. 8ystem through & Y-gection of -pipe and a 90° mitored elbow. The
distance from the Junction of the Y-section fo tho elbow was approxi-
mateiy'ZE foot, The engine exhaust pressure was controlled by
throttling the flow of exhaust gases into the exhasust system with a
“butterfly velve. ,Tho enginc exhaust prossure was measurod by a

static~préseuro.tap:ldcated.at-@he'soction where the sxhaust pipo
vas .connected to the exhaust-duct’ elbew.

The . cooling-air total pressure in front of the cylinder hoads
was measured with three shrouded totol-pressure tubes mounted on
rakes and placed directly in front of the engins 120° apart and at
the samo radial dilstancé as the middles circumferontisl hoad fin.

Three shrouded total-pressure . tubes were also mountod on thoe rakes
ifor measuring cooling-air total preossure in front of tho cylinder
barrols., Thesce tubes were placed at the same radial distance as tho
-donter of the cylinder barrels. The static pressure behind the cyl-
indor heads was mcasured with an open-end tubo placed in the baffle
curl of each of thé nine rear-row cylinders at the same radial dis-
tance as the cylinder-head total-pressure tubes. The static pressure
behind the barrels was measured by three static-pressure tubes mounted
on rakes behind the rear-row cylinders and at the same radial distance
ag the barrel total-pressure tubes. All static-pressure tubws were
ingtalled in such a position thet they received no velocity pressure.
The cooling-alr presgsure drop was taken as the difference between the
average total pressure in front of the cylinder heads and the average .
static pressure behind the heade corrected to sea-level density con-
dition. All pressures were reed on manometers.

Exhaust-gas temperatures were measured approximately 18 inches
dowvnetreem of the Junction of the Y-sectlon by three guadruple-shielded
chromel-alumel thermocouples located on one clrcumference and spaced
120°., The depth of thermocouple immersion was approximately three-
tenths of the pipe diameter. .

The cooling-air temperature was measured by three thermocouples
mounted on the total-pressure-tube rakes and was taken as the average
of these three thermocouple readingsa.

Thermocouples were located on each cylinder at the following
locations: rear-spark-plug gasket, rear cemter of barrel, and rear-
svark-plug boss. The gasket thermocouples were made by silver-
soldering the thermocouple wlres into a small hole drilled intoc the
tab to the outer edgo of the copper spark-plug gasket. The barrel
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thermocouples weve erbedded in the aluminum bariel muffs at the rear
between the two wuilddle barrel fins. The boss thermocouples wers
embedded 30 percent of the cylinder-head thickness at a point

45/64 inch from the spark-plug axis and 45° from the bottom of the
snark-plug boss toward the exhaust port. Tho average cylinder-head
tempcrature was takon as the average of the thermocouple readings at
the 1rear-spark-plug boss.

The carburetor-air temperature was measured Jjusgt above the
carburetor top deck by.six thermocouples comnected in parallsel. The
inlet-manifold mixture temperature in thé intake pipes was obtained
by averaging the temperatures msasured by unshielded thermocouples
in the intake pipes of cylinders 5, 9, 13, and 17. One thermocouple
was located .in sach of the four 1nta?e pipcs -approximately 6 inches
-irom the intake ‘port. .

A1T of the thernocouples with the exception of those Indicating
the exhaust-gas itenrperature were iron-consbtantan thermocouplos, all
temperaturos wore read on & self-balancing potentiometex.

PROCELURE

The ongine spoed, the inlet-manifold pressure, and the fuol-air
ratio were maintained at the deslwed values for cach run while the
oxhaust pressure wus varied in incremonts from approximately 7 inches
of mercury absolute to about 20 inches of mercury ebove the inlet-
manifold prossure. Most of the runs were made with the supercharger
in lcw gear ratio; however, runs ot three engine speeds (1200, 1800,
end 2400 rpm), one inlet-manifold pressure (34 in. Hg absolute), and
ons fuel-alr ratio (0.085) were repeated with the supercharger in
hlgh gear ratio. The nominal engine~operating conditions at which the
runs were made are presented in table I.

All data wers obtalned with the engine throttle full open. In
order to keep the inlet-manifold pressure consbant, at most conditions
the carburetor-inlet pressure had to be slightly decreased as the
exhaust pressure was increased. The maximum change was about 0.6 inch
- of mercury for the range of exhesugt pressures covered, although in
moet cases 1t was much less. AL low engine spoeds and with the super-
charger in low gear ratio it was sometimes necessary to usse the
laboratory combustion-air supply in order to obtaln the high inlet-
nanifold pressures. .

Tor sach series of runs with varlable exhaust pressure, the
cooling-alr pressure drop was set at such a value that the maximum
rear spark-plug-gasket temperature was hetween 375° and 425° F when



6 NACA TN No. 1220

the exhaust pressure was approximately 28 inches of mercury absolute.

he cooling-ailr pressure drop was maintalned at this value whlle the
exhaust prsssure was varied over the desired range. Sufficlent time
was allowed at each exhaust pressure for the cylinder temperatures to
roach eguilibrium. The oil-in temperature was maintained at 160° £5° F.

METHODS OF CALCULATION

BEffect of exhaust pressure on indicated power. - In referoice 2
" it is - ghown that, for a gilven englne, engine speed, inlet-manifold
~mixture temperature, and fuel-air ratio, the effect of exhaust pres-
sure on engine Indicated power can be represented by plotting the
dimensionless ratio ¢ of the indicated mean effective pressure to
the inlet-manifold pressure agalnst the ratlo of exhaust pressure to
inlet-manifcld pressure. The resulting curves. are shown to be
epproximately independent of inlet-menif'old pressure. Thus

P
§otmen F<P_i, X, T, f> (1)

imep indicated mean effective pressure, (1b/sq £t)

Py  Ainlet-manifold pressure, (1b/sq £t absolute).
Do - 'exhaﬁst pressure, (1b/sq £t absolute)

N ' engine speed, (rpm)

T inlet-manifold mixture temperature, (°R)

T fuel-alr ratio

For any given run with variable exhuust pressure, theo cngine spoed
and ths fusl-alr ratic were held constant. Because fucillitios were
unaveilable for varylng the carburetor-alr temperature, the inlet-
manifold mixture temperature could not be held constant. The indlcated
horsepower (and hence ¢) was corrected to & constanit inlet-manifold
mixture temperature of 660° R on the assumption that it varicd
inversely as the absolute iniet-manifold mixture temporature. For
enginos having varlable spark timing, the spark advance would have an
approclable effect on '¢ for otherwlse constant operatimg conditions.
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Additional variables éxist that also influence ¢ but, for a -given
ngineJ thelr effect is generally emall as compared with the variables
Listed in equation (l)

The.quantiﬁy.-d was coméﬁted_from the expérimeﬁtal data b&

g - imep _ 2 X 33,000 ihp’
Pm PmYdN

vhere v3 -is the displacement volume of the engine in cubic feet.
The indicated horsepcwer is defined Dby - )

ihn = brake horsepower + supercharger horsepower 4jfrictionxhoféepowep_

and this is seen to include ﬁhé contributions of all four strokes of
the cycle. The braks horsepower was obtained from the dynamometer
tegts. ) . ' -

Supercharger power was obtained by ' =

o = g Wo (L +£) U2 o
P ﬂ' 550 g Mg . - o L TR T

where
We ‘mesasured .charge-air flow, (lﬁ/séq)
U supercparggr impeller tip speed, (ft/sec)

acceleration due to gravity, (ft/sec2)

&
ng supercharger-drive-gear eff;giency, asgumed td be 0.85
% retic of pressure coefficient to ad*abatic ~efficiency, assumed

to be 1.0

The mschanical-frictiqq horgqpower was computed from
fhp = K N°

where K- is the constant, 3.214 X 10™2. The value of K correspond -
ing to the bbre, the stroke, and the number of cylinders of the engine
was determined from.an emplrical equation. based. on a large amount of
test data obtained on varlous types of reciprocating engine. The
friction horsepower thus determined is due only to rubbing and excludes
punping power.
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Effect of exhaust pressure on brake power. - In addition to pre-
sonting the varistion of brake power with sxhaust pressure, - the ratio
0. of brake power at any valus of pe/bm to the value at pe/pm = 1.0
for the same engine speed, inlet-menifold pressure, carburetor-air
temperature, and fuel-air ratio 1s plotted against Pe/Pp+ The brake
horsepower at Pe/Pm = 1.0 was determined from faired curves of
corrected brake horsepower. The brake npower was corrected to a
carburetor-air temperature of. 550° R on the conventional assumption
thet 1t varied inversely as the square root of the gbsolute carburstor-
air temperature. This correction was quite small because the
carburetor-air temperature varied no more than +15° ¥ from 90° F for
mogt cases during the investigation.

Effect of exhaust pressure on volumetric’ efficiency. - Volumetric
efficlency ' ny was computed by the relatlon -

LAY @)
where

R ges constant for air, (£ft-1h)/(1b)(°F)

Yariation of power with charge-air flow. - For a given engine,
spark setting, and fuel-air ratio, the power derfined by tho contribu-
vion of the compression and erxpansion strokes is approximately pro-
portional to the charge air in the cylinder at the instant—of valve
closure. An estimate of this power was obtained by subtracting the
pumping horsepower php from the indicated horsepower i1hp. The
rusping nower was based on a square indicator card and was calculated
by . .

iy = (n - Pe) 5533000

RESULTS AND DISCUSSION
Effect of Exhsust Pressure on Indicated Power

The variation of d with Pe/Pm is shown in figure 3 for
soveral constant engine speeds and three fuel-alr ratios. The curves,
which are Independent of inlet-manifold pressure for the range of
wanifold pressures covered, show that for any given inlet-manifold
pressure the Iindicated powar increases at:a dimlnishing rate as tho
exhaust pressure decreases.
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The correction for inlet-manifold mixture temperature seems to
be: justified by ths fact that the data obtained with the supercharger
in high gear ratio sgree fairly well with the low-gear data, (See
curves for 1800 and 2400 rpm, fig. 3(b).) Inasmuch as the date for
the high-gear-ratio operation were obtailned with approximastely the
same carburetor-air temperature as the low-gear data, for the sams
engine speed an appreclable difference in inlet-manifold mlxhure
temperature existed. The standard mixture temperature of 660 R was’
arbitrarily chosen; but, 1f the manner in which indicated pawer varies
with mixture temperaturs is known, the data can be coxrrected to any
desired mixture temperature without affectling the correlation.

In the present investigation, with a constant carburetor~air
temmerature Ts, +the inlet-manifold mixture temperature Ty slightly
increased with an Increase in exhaust pressure. The quantlty Ty - Tg
vrlotted against -pe/ is shown in figure 4 for all englne . speeds,
inlet-manifold pressures, and fuel-alr ratios. Although the variation
of mixture temperatare with exhaust pressure is seen to be smwall for
this engine, the effect 1s probably more pronounced on engines having
a valve overlap larger than that of th*s englne. =

Effect of Exhaust Pressure on Brake Power

Variation of brake horsepowel and o with . pe/bm, - The brake

horsepower, corrected to a carburetor-air temperature of 559° R and
with the supsrcharger in low geaxr ratlio, is plotted against - Pe/Pm
in figure 5 for various engine speeds and inlet-manifold pressures
and for three fuel-alr ratios. The values of brake horsepower with
the supercharger in high gear ratio at englne speeds of 1200, 1800,
and 2400 rym are shown in figure 6-for a fuel-gir ratio of 0.085 and
e constant inlet-manifold pressure of 34 inches of mercury absolute.
From the faired curves in figures 5 and 6, the brake horsepowers at -
Po/Ppm = 1.0 were determined.

The quentity o (ratio of brake horsepower at any velue of
pe/pm to that at pg/pp = 1.0 for the same altitude, engine speed,
inlet-manifold pressure, carburetor-alr temperature, end fuel-air
ratis) is used as a measure of the effect of exhaust pressure on
engine brake horsepower. Figure 7(a) shows this ratio o as obtained
from figure -5(a) plotted against Po/Pn Tor constant engine speeds
end a fusl-alr ratio of 0.100. A single faired curve 1is obtalned for
each engins speed regardloss of inlet-manifold pressurs. Corresponding
plots for fuel-air ratios of 0.085 and 0.069 are shown in figures 7(b)
and 7(c) regpectively. Comparison of the curves of figure 7 shows that
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Tor these tests the .ratio o was *ndependénﬁ of - fuel-air ratio; the
same Taired curve Is therefore used- for a given engine speed regard-
less of the fuel-alr ratio.

Brake horsepower and’ « ‘shown in figures.S and 7, respectively,
are Tor the supercharger in low gear ratic., In figihre 8 the faired.
curves of o as obtained from figure 7 for engine speeds of 1200,
1800, and 2400 rpm are compersd with points of o for the supercharger
in high gear ratio. The effect of sgupercharger-gear ratlo on o 1is
small. For operatlon at high gear ratio, the use of o as given for
low gear ratio and the corresponding engine speed would introduce an .

error of approximatelv ll percent- In brake-horsepower prediction for
a change in pg /Py, from 0.2 to0 1.0. -

In figure 9 a eingle curve of o plotted against pg/py for
each englne speed includes date for all inlet-manifeld pressures,
three fuel-alr ratios, and withithe supercharger in both high and’
low gear ratio. The effect of exhaust pressure on power as defined
by o 1ie seen to be greater.st 'the low than at the high engine speods
for values.pf De/pm ‘less than 1. 0. When Pe/Pm is greater than
1.0, the effect of" exhaust pressure on @ ‘18 mrgetically independent
ot engine speed. ' . ; T o

In 'this investigation the exhaust pressures were often consid- ,
erably less than the carburetor-inlet pressur's; conseguently, the brake
horeenovwers measured under the test conditions wewre higher than would
ve obtained if the engine were cherged with the power required by a
#eared blower to supercharge from an altitude pressure to the carburetor-
inlet pressure measured under the test conditicnes. Computations show,
however, that the curves of. o are unchanged if the englne 1a charged
with the additlonal supercharger work. For exumple, 1f the agltitude
pressure is 8.8% incheés of mercury absclute (30,000 ft) and tho
carbaretor-inlet pressure as measured during the run is Z0 inchkes ol
mercury-absolute, the entire curva of brake horsepownr plotted against
De/gm would be lowered by the amount of geared-supercharger power
roquired to compress the ailr fiom 8.88. to 20 inches of mercury absclute.
The chargo-alr flow lg nesrly proporvional to. the ongine pover with
whe- result that the additional supercharger power under considoration
i8 likewise nearly proportional to the engine power. Thus the values
in both the numerstor and denominator of o are décreased an amount
subgtantially proportional te the original values and the offcect on
a of including the additional supercharger power is small. As previ-
ously mentioned, the carburetor-inlet pressure decreased as the exhaust
pregsure was increased with congtant inlet-manii’ocld pressure. This effect



NACA TN No.. 1220 : 11

would cause a small decrease in supsercharger power (about 2 percent
fir the range of -exhdust pressures covered) and one that is nogli-
gible in its effect on- Q. .

Example for use of d. .= Figure 9 can be used to predict the
-effoct of changes 1n exhsust pressure on engine brake horsepower at
varicus operating conditlons. provided that the operating conditions
at -one point.are krown. (Operating conditions may be obtained from
the manufacturer's calibration. ) For example, the following con-
ditions are assumoﬂ : : S IR

- 1

Engine Speed, I'Pm . s " e e 2 o e 3 'v-- « ¢ o s 3 @ . 2400

Inlet-manifold pressure, lnches of mercury absolute . . « « . o+ 29
Exhaust pressuro, inches of mercury absolute . « . « o o « « 2 o 17
Brake horsenower O i R ¢

‘The following reietion is used to detormine the brake horse-
power whon the exhaust pressure 1ls Increased to 35 inches of mercury
absolute with no ohange in.altitude!

bhp'z =" bhpl EZ_

| . %
whore - oo e o+ ': .
bhpy - kﬁownrvalue_of bhp
' bhpé desired veluozof,bhp E
oy o ratio aotermined from.figure 9 for specified engino speed and

Po/Pm = 17/29 = 0.59

. ratlo dotermined Trom figure 9 for same engine speed and '
' Po/Pm = 35/29 = 1.21 o

From figure 9, of 1is found to be 1.09 and oy is found to

be 0.937; therefore, the brake horsepower at the new exhaust pressure
is

0.937

1.09 = 989

bhp, =.1150

If the changs in exhaust pressure in this example is caused by
a change in altlitude, then corrections must also be applied for any
changes in supsrcharger work and carburetor-air tempersture.
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Effect of Engine Speed on  Pp/Pe

The brake Horsepower Was nmeagured with the engine throttle in the
full-open position and the carburetor wes supplied with air from the
leboratory air syetem at a pressure sufficlent to give the desired
prosgure at the inlet manifold. The variation of the ratio of inlet-
manifold pressure to full~throttle carburetor- inlet .presaure pm/ba
with engine speed N . 18 shown in figure 10. This faired curve, which
1s for a carburetor-alr temperature of 550° R, is included to facilltate
the deteiminatlon of p, for the varlous operating conditions and in
combination with the values of charge-air flow may be used to compute
the auxiliary-supercharger power for any altitude, ,The curve is
accurate to 1.0 percent for values-of Pe/Pm near 1.0 and to about

+2.0 percent bver the range of . pe/pm covered.

) N N . '
. [

. . N
»~ x .

" Effedt of Exhaust Pressure on Charge-Air
" Flow and Volumetric Efficiency

he variation of charge-air flow W,, corrected to e carburetor-
air temperature of 550° R, with pe/pm for constant inlet-menifold
pressures is shown in figure 11 for operation with the supercharger in
low gear ratio. At all conditions the charge-alr flow decreased as
exhaust pressure increased. At high inlet-manifold pressures, low
exhaust presspures, and low engine speeds, the alr flow tended tou
increasge sharply as the exhaust pressure decreased. The effect.could
posslbly be due to the high value of Py -'De, Which tends to open
the intake valve early. Curves for. operation with the superchargsr in
high gear ratio and for an inlet-manifoid pressure of 34 inches of
mercury absolute are shown in figure 12.

Volumetric efficlency 17, 1is plotted in figure 13 against Pe/Pm
for constant engine speeds, various inlet-manifold pressures, and
three fuel-alr ratice. The values for high-gear-ratlo operation are
included in figure 13(b) and are seen to agree with the data for low
geer ratio at the game inlet-manifold pressure. and engine ‘speed. For
all conditions the volumetric effliclency decreases as the exhaust
pressure increeses.

All the datw of filgure 13 are shown in figure 14 with the varlous
fuel-air ratioes plotted on a single curve for any given inlet-manitold
pressure and engine speed. For a given engine speed and inlet-manifold
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oiessure, volumstric efficiency is seen to be practically independent
oy ue‘-aﬁ ratio. The volumetric efficlency 18 also indepenfent of
inlat-nanifold pregsure for a given speed except at points where
blow-through ocours.

Volumetric efficiency was calculated by equation (2) using the
charge-alr flow, the measured inlet-manlfold mixture temperature, and
the gas congtant for air. A progressive increase Iin mixture tenmper-
ature was found to exist from the blower rim to the engine intake
norts; the temperature rise wes of the order of 60° F. The most
logical temperature on which to base a volimetric efficiency would
pe the one nearest the cylinder; however, as the unshlelded thermo-
counles in the intake ports would be considerably influenced by
rediation from the cylinder, the tempsratures in the intake plpes
about 6 inches upstream of the invake ports were used. These tem-
peratures, cf course, are subject to any inaccuracy caused by
incomplste vanorization of the fuel.

The total charge flow (fuel plus alr) and the gas constant for
the mixture. of fuel and alr might seem more correct to use in the
calculation of- volumetric efiiciency 10, (equation (2)); however,
the gquantity Rm(l + f) where " R, 1s the gas constant of the
mixture, does not vary appreclably with fuel-alr ratio and thus the
corresponding values of 1y glven by equation (2) are algo nearly
independent of fuel-alr ratioc for the range covered by this inves-
tigation. The guantity - Ry(l + f) 41e several percent larger than
the value of R for aelr and the carresponding volumetric efficiencles
would be increased accordingly by an approximately constant factor,
The trends obtained with the two volumetric efficlencies would thus
remain approximately the same.

Variation of Power. with Charge-Alr Flow

The difference between indicated horsepowsr and pumping horse-~
power (ihp ~ php) is plotted against charge-alr flow We 1o figure 15.
This difforence represents the work of only the compression and
expansion strokes of the cycle. Separate plots are shown for each .
Tuel-air ratio and each plot is keyed according to engino speed. The
data obtained over the range of exhsust pressures at sach inlet-
manifold wpressure are included in the pointe shown for each englne
gpced. All the dets shown are Tor the supercharger in low gear ratio.
The power and charge-alir-flow curves were corregsted to a constant
inlet-manifold mixturs temperature of 660° R. The few data points
in Tigure 15 that show a velatively large deviation from the curve
correspcnd to opsration at low values of Po/Pm: low engine spoeds,
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and high inlet-manifold pressures where apprecilable blow-through of
the charge ailr »nrobably occurs, as .indicated by figures 11l to 1l4.
The correlation is affected to s~me extent by ths assumptions made
in deternining indicated horsepower and pumping horsepower and
vuagibly to changes in thermal efficiency.

Effect of Exhaust Pressure on Cylinder-Head Teuperatures

In order to show briefly how cylinder-head temperatures vary
with exhavet pressure, the quantity (T - Ta)/(Th - T,); 1s plotted
agalnst pe/'pm for constant engine &peeds, fuel-air ratios, and
cooling-air pressure drcps in figure 16. The quantity (T, - Tg)
is the differsnce between asversge cylinder-nead tempsrature end inlet
cooling-alr temperature; (Th - Ta)l 1e the corresponding value st
pe/pm = 1.0 for the same engine speed, inlet-manifold pressure, fuel-
ailr ratlo, and cooling-air pressure drop. The cylinder-head temper-
ature is taken as the average of tie bemperature indications of the
thermocouples deeply embedded in the rear-spark-plug bosses. The
cooling-alr pressure drops acrosg the cylinder heads remained nearly
congtant for each set of runs at variable exhailist pressure. The
maximum and minimum values esre given 1in figure 16. The pressure
drcp, however, did vary for the various speeds, inlet-manifold pres-
sures, and fuel-air ratios. The ratib (Ty, - Ta)/(Th - T,)1 1is seen
to increase as Pe/Pm increased. The effect of exhaust pressure on
cylinder temperature Iincreages asg the fuel-glr ratlo 1ls& decregsed over
the range investigated.

Effecct of Exhaust Pressure on Fxhaust-Gas Temperature

The exhaust-gas bemperatures obtained by averaging the readlngs
of the three thermccouples in the exhaust collector are plotied agalnst
pe/pm in figure 17 for the various engine operating conditions. The
readings obtained from the thres thermocouples for any one datum poalint
were within a temperature range of 30° F. "The temperatures increased
with engine speed and inlet-manifold pressure and as the fuel-alr
retlo decreased from 0.100 to 0.CE9.

An attempt was made to seal the exhaust system ahead of tho
thermocouples in order that alr cculd not lesk into the collector
and cause afterburning when the exhaust pressure was below atmospheric.
In some capes where leaks did develop during a running reriod, the
temperature rapidly increased 100° to 200° F. These values are not
showvnn in figure 17.
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The exhaust-gas temperatures as measured in this investigation
will probvably not apply with great accuracy for turbins computatlons
in flight iastallations where the exhaust syetem ls shrouded and
cooled or where large amounts of ducting exist between the engine and
+the nozzle box.

A few runs were made with the exhaust collector insulated v*tHA

1 to 1§'inches of insulating cement. The collector was insulated from

the plane of the rear-row exhaugt porte to about 1 foot beyord the
point at vhick the thermocouples were located. The temrperabures woery
gbout 250° F higher than those obtained with the uninsulated collec:or.
Several failures in the exhaust collector occurred owing to the
abnormally high tempexratures to which it was stbjected and only a
small amownt of date was taken.

%ﬁﬂﬂTT OF RESULTS . - .-

The following results wore obtalned from an investigation to
determine the effect of exhaust pressure on engine performance on en
18-cylinder, air-cooled radial enmine operated et engine spesds *Iom
1200 to 2400 rym, inlst-menifold pressures from 3Q to 45 inches of
mercury absolute, fuel-zir ratios of 0.062, 0.085, aad 0.100, and
exXhaust pressures from approximately 7 ind hes of msroury absolute to
about 20 inches of mercury above inlet-manifold pressure:

1. For constant values of engine speed, inlet-manifold pressure,
and Tusel-air ratio, “he engine power incressed at a diminishing rate
as exhaust pressure decreased.

2. For eny given engine speed and fuel-air ratlo, good correla-
tlon of the powor.datz over the complete range of inlet-manifold
pressure and exhsust pressure was obtained by plotting the ratic of
indicated mean effective piresaure to inlet-manifold pressure against
the ratio of exhaust pressure to inlet-manifold pressurs.

3. When a (the ratio of the brake horsepower at any exhaust
pressurc to the brake horsepower at the same engine speed, fuel-air
ratio, ard inlet-manifold pressure but at an exhaust pressure equal
to the inlet-manifold pressure) was plotted against the ratio of
exhaust pressure to inlet-menifold pressure, a single curve resulted
regardless of inlet-manifold pressure, exhaust pressure, or fuel-
alr ratio. The shape of the curve of o plotted against the ratio
of exhaust pressure to inlet-manifold pressure varled with engine
spced.
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4. At constant conditions of fuel-alr ratio, engine speed, inlet-
manifold pressure, and cooling-air pressure drop, the average cylinder-~
head temperatures Increased as thse exhaust pressure lncreased. The
effect became more marked as the fuel-air ratio decreased from G.100
to 0.0639,

Alrcraft Engine Research laboratery,
Nationsl Advisnry Committee for Aeronautics,
Cleveland, Ohlo, December 3, 1946.
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TABLE T - OPERATING CONDITTONS

Nominali Nomiral |Nominal inlet- Supexr- Nominal|Nominal |Nominal inlet- Super -
engine |fuel-air|manifold pressure|charger- || engine |[fuel-airimanifold pressure!charger-
spoed ratio (in. Hg absolute)|gear speed |[ratio (in. Hg absolute)|gear
(rpm) ratio (zpa) ratio
1200 | 0.069 30 7.6:1 2000 | 0.100 34 7.6:1
1400 2200
1600 2400
1800 1400 0.069 40 7.6:1
2000 i 1600
1400 | 0.085 30 7.6:1 || 1800
1600 2000
1800 [ 1600 | 0.085 40 7.6:1
2000 180G
2200 2000
2400 2200
2400
2000 0.100 30 7.6:1
2200 1800 0.100 40 7.6:1
2400 2000
2200
iggco) 0,069 34 7.631 2400
1800 0.085 45 7.6:1
1300
2000 2000
2200
1400 0.085 34 7.6:1 1800 0.100 45 7.6:1
1600 2000
6 2200
1800
2000 2400
2200 1200 0.085 34 9.45:1
o 1800
2400 2400
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Exhaust manometer

Figure 2. - Sketch of setup.
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Variation of ihp - php with charge-air flow for various engins

speeds and values of pe/Py. Oharge-air flow W, and

inlet-manifold mixture temperature Tp of 660° R; supercharger in low gear ratio (7.6 : 1),

ihp - php corrected to a constant
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Figure 17. ~ Continued.

speeds, inlet-manifold pressures, and fuel-air ratios.

Variation of exhaust-gas temperature with Pe/Pm for constant engine

Supercharger in low gear ratlo (7.6 : 1).
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