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IV - ENGINE COOLING-AIR PME SSURE DISTRIBUTION

By Samuel J. Kaufman, Robert C. Staudt
and Michael F. Valerino

SUMMARY

A study of the data obtained in a flight investigation of an
R-2800-21 engine in a P-47G airplane was made to determine the effect
of the flight variables on the engine cooling-air pressure distri-
bution. The investigation consisted of level flights at altitudes
from 5000 to 35,000 feet for the normal range of engine and airplane
operation.

The data showed that the average engine front pressures ranged
from 0.73 to 0.82 of the impact pressure (velocity head). The aver-
age engine rear pressures ranged from 0.50 to 0.55 of the impact
pressure for closed cowl flaps and from 0.10 to 0.20 for full-open
cowl flaps.

In general, the highest front pressures were obtained at the
bottom of the engine. The rear pressures for the rear-row cylinders
were .lower and the pressure drops correspondingly higher than for the
front-row cylinders. The rear-pressure distribution was materially
affected by cowl-flap position in that the differences between the
rear pressures of the front-row and rear-row cylinders markedly
increased as the cowl flaps were opened. For full-open cowl flaps,
the pressure drops across the rear-row cylinders were in the order of
0.2 of the impact pressure greater than across the front-row cylinders.

Propeller speed and altitude had little effect on the -cooling-
air pressure distribution, Increase in angle of inclination of the
thrust axis decreased the front ?pressures for the cylinders at the
top of the engine and increased them for the cylinders at the bottom
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of the engine. As more auxiliary air was taken from the engine
cowling, the front pressures and, to a lesser extent, the rear pres-
sures for the cylinders at the bottom of the engine decreased.

No correlation existed between the cooling-air pressure-drop
distribution and the cylinder-temperature distribution.

INTRODUCTION

At the request of the Air Materiel Command, Army Air Forces, an
investigation was conducted at the NACA Cleveland laboratory to obtain
information on the cooling characteristics of air-cooled engines at
altitude conditions. As part of this investigation, tests were con-
ducted on an R-2800-21 engine installed in a P-47G airplane at alti-
tudes ranging from 5000 to 35,000 feet.for the normal range of engine
and airplane operation. An analysis of the cooling data obtained in
the flight investigation to determine the effect of altitude cooling-
air conditions on the over-all engine-cooling; characteristics is pre-
sented in reference 1. During the flight investigation several methods
of cooling cylinder 10, which ran abnormally hot at the medium-power
and high-power conditions, were attempted as possible expedients for
reducing the temperature spread between the hottest and average cylin-
ders. The results of this phase of the investigation are reported in
reference 2. The results of the flight investigation also showed that
an extremely nonuniform temperature distribution existed among the
18 engine cylinders. An analysis of the effect of the engine and flight
operating variables on the temperature distribution to determine which
variable or group of variables was primarily responsible for the poor
temperature distribution is presented in reference'3.

Inasmuch as a study of the temperature distribution would be incom-
plete without a similar study of the cooling-air pressure distribution,
an investigation of the effect of the flight variables on the cooling-
air pressure distribution was made and is reported. The study was made
by selecting different series of flights in which, for each series, all
of the variables except one were essentially constant and by plotting
the cooling-air pressure patterns so as to indicate graphically the
separate effect of each variable. The factors studied are cowl-flap
position, propeller speed, quantity of auxiliary air flow, altitude,
and angle of inclination of the thrust axis. The investigation includes
an analysis of the circumferential pressure distribution ahead of and
behind the engine cylinder heads, the radial pressure distribution
ahead of and behind a representative cylinder, and the cooling-air
pressure-drop distribution across the engine cylinder heads.
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INSTALLATION AND INSTRUMENTATION

Power-plant installation. - The flight tests were conducted
with an R-2800-21 engine installed in a P-47G airplane. The engnc
is an 18-cylinder, double-row radial, air-cooled engine with a
normal rating of 1625 brake horsepower at 2550 rpm and a take-off
rating of 2000 brake horsepower at 2700 rpm. The engine is equipped
with a single-stage, single-speed, gear-driven supercharger (gear
ratio, 7.6:1; impeller diameter, 11 in.); a General Electric Type C-1
turbosupercharger provides the auxiliary supercharging required for
high-altitude operation. A Bendix-Stromberg PT--13G1 injection-type
carburetor metered the fuel to the engine. The propeller is a four-
blade Curtiss Electric controllable-pitch ?propeller ('blade drawing
No. 714-lC2-12), has a diameter of 12 feet 2 inches, and is fitted
with shank cuffs. For the tests, the propeller reduction-gear case
was replaced by a Pratt &'Whitney torque nose having a propeller
reduction-gear ratio of 2:1. A front and side-view sketch of the
power-plant installation is shown in figure 1.

The engine cowling is of standard NACA Type C and is fitted
with eight adjustable cowl flaps, which extend around the upper half
of the cowling perimeter. An additional fixed exit o pening for the
engine cooling air is provided around each side of the cowling down
to the auxiliary air-supply scoop. The engine charge air and the
cooling air for the intercooler, the oil coolers, and the exhaust-
cooling shrouds are taken from the inside of the cowling below the
engine through the auxiliary air-supply scoop.

Cooling-air pressure instrumentation. - The locations and desig-
nations of the pressure tubes used in the flight investigation are
indicated in figures 2 and 3. Figure 2 shows the locations of the
pressure tubes on an individual engine cylinder; figure 3 indicates
the arrangement of cylinders and baffles on the engine and is pre-
sented to - aid in showing the pressure-tube locations with respect to
the engine as a whole. The cooling-air pressures in front of the
engine were measured by shielded total-head tube H5 mounted in front
of each cylinder head and by unshielded total-head tubes Hl, H2 1 H3,
and H4 installed between the cylinder fin•tips and. the baffle slightly
behind the baffle entrance of each,engine cylinder. The cooling-air
pressures behind the engine were measured as follows: by open-end
static tube P3 installed in the stagnation region behind the top head
baffle of representative cylinders; by open-end static tubes Pl and
P4 installed behind the curl of the intake-side baffles of each rear-
row cylinder at right angles to the general direction of the cooling-
air flow; and by closed-end static tubes P5 and P6 mounted on rakes
downstream of each engine cylinder, The method used to lead the
pressure tubes out of the cooling-air passages and around the outside
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of the sealing ring to the bottom and sides of the engine is shown in
figure 4. This pressure-tube installation was chosen in order to
minimize the interference of the tubes with the cooling-air flow across
the engine.

The cooling-air pressures were led. to pressure selector valves
which, in turn, were connected to NACA film-recording multiple manom-
eters. The precision of the pressure readings was estimated to be
within +2 percent; the time required for recording a complete set of
pressures was approximately 2 minutes.

General instrumentation.' - The free-stream impact and static pres-
sures were obtained from measurements with a shielded total-head tube
and a swiveling static tube installed on a streamline boom attached to
the right wing. The pressures were recorded by standard NACA recorders
and were used to determine the airplane speed and pressure altitude.

The free-air temperature was measured by a flight-calibrated
resistance-bulb thermometer installed under the right wing. The engine
speed was recorded on an NACA flight recorder by a counter and timer
combination; the engine power was calculated from the recorded engine
speed and the torque-nose indication, which was read by the pilot. An
inclinometer was installed to give continuous readings of inclination
of the thrust axis. NACA control-position recorders were used to
record mixture-control setting, cowl-flap position, and intercooler-
shutter position.

MTHODS

The method of analysis of the cooling-air pressure distribution
used in the investigation of the R-2800-21 engine installed in a P-47G
airplane was as follows;

General flight program. - The flight investigation was conducted
at altitudes of 5000, 10,000, 25,000, 30,000, and 35,000 feet; a few
flights were also made at intermediate altitudes. The three main con-
trollable variables during each flight at 6 given altitude were engine
power, propeller speed, and cooling-air pressure drop; in general,
during each constant-altitude flight one of these three variables was
independently varied while the other two were maintained constant.

The engine power was controlled with the carburetor throttle and,
at the high altitudes, also with the turbosupercharger waste gate. The
mixture control was set in the automatic-rich position and the fuel-air
ratio was allowed to vary according to the carburetor characteristics.
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The engine speed was controlled with the propeller governor and the
cooling-air pressure drop was controlled by means of the cowl-flap
deflection and the airplane velocity, which differed with the landing-
gear position.

Analysis of engine cooling-air pressure distribution. - The
flight-cooling variables involved in the study of the cooling-air
pressure distribution are cowl-flap position, propeller speed, quan-
tity of auxiliary air taken from the cowling, altitude, and angle of
inclination of the thrust axis. The study includes an investigation
of the circumferential pressure distribution ahead of and behind the
engine cylinder heads, the radial pressure distribution ahead of and
behind a representative cylinder, and the cooling-air pressure-drop
distribution across the engine cylinder heads. In order to separate
the effect of each individual flight-cooling variable, various series
of flight runs were chosen in which, for each series, all but the
particular flight variable under investigation were held substantially
constant.

The pressure values are presented in terms of p/q c, which
represents the ratio of the pressure above free-stream static pres-
sure at each point ahead of or behind the engine p to the measured
free-stream impact pressure (velocity head) qc . The p/qc ratio
is plotted against cylinder number on polar coordinate paper for the
study of the circumferential pressure distribution and is plotted
against the radial distance from the base to the top of the cylinder
for the study of the radial pressure distribution. The circumfer-
ential pressure-drop distribution is presented as the ratio of pres-
sure drop to free-stream impact pressure Ap/qc.

A front-view sketch of the engine showing the 18 cylinders Is
included at the center of the polar coordinate plots to aid in quick
identification of the various positions in front of or behind the
cylinders. The individual cylinders are numbered in conformity with
present practice, the even-numbered cylinders are in the front row
and the odd-numbered cylinders in the rear row.

Pressure tubes H5 and P5 were used for the circumferential and
pressure-drop distribution patterns. Other pressure tubes responded
in a similar manner to changes in operating variables and could also
have been used. Pressure tubes H1, H3, H4, and H5 were used for the
study of the radial pressure distribution ahead of a representative
cylinder (cylinder 9); pressure tubes P3, P5, and P6 were used for a
similar study of distribution behind this cylinder.

For convenience a list of the values of the principal variables
in each flight run used for the subject analysis is presented in
table I.
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RESULTS AND DISCUSSION

The results of the study to determine the effect of the flight-
cooling variables on the cooling-air pressure distribution of the
R-2800-21 engine as installed in the P-47G airplane are graphically
presented in figures 5 toll. Although each-figure strictly applies
for a specific set of conditions (table I), the trends indicated have
been found from a more exhaustive study, not presented, to be repre-
sentative of other conditions.

General results. - For the large range of flight conditions inves-
tigated, the average pressures ahead of the cylinders (front pressures)
ranged from 0.73 to 0.82 (p/qc ratio). For any given flight conditions,
the highest front pressures were obtained at the bottom of the engine.
The average rear pressures ranged from 0,50 to 0.55 for the closed-flap
position and from 0.10 to 0.20 for the full-open-flap position. Gener-
ally, the rear pressures for the rear-row cylinders were lower than
the rear pressures for the front-row cylinders. Consistent with this
result, the pressure drops (and thus the cooling-air flow) across the
rear-row cylinders were greater than across the front-row cylinders.

Re2roducibility. - An indication of the reproducibility of the
test data, is presented in figure 5, which gives a comparison of the
pressure patterns for two nearly identical flight runs, one conducted
near the beginning and the other at the end of the flight investigation.
Good agreement between the pressure distributions for the two runs is
shown; the largest discre- pancies were obtained for the circumferential
pressure-drop patterns,' which essentially.,cumulate the small differ-
ences obtained in both the front- and rear-circumferential pressure
patterns.

Effect of cowl-flan 2osition. - The cooling-air pressure distribu-
tion as affected by the movement of the eight adjustable cowl flaps
(extending around the entire upper half of the cowl ^^erimeter) from
the full-open position of 17.50 to the closed position of 7.00 is shown
in the data plots of figure 6. At the closed position, the flaps are
flush with the engine cowling but still provide an opening for the flow
of cooling air past the flaps into the free-air stream. In order to
maintain constant flight-cooling variables, the engine power, which in
itself has no effect on the cooling-air ;pressures (propeller conditions
were later shown to have no discernable effects) was allowed to vary
for these runs.

Figure 6(a) shows that the front-pressure - patterns, although slightly
scattered, have no particular trend with cowl-flap position. The average
front pressure with full-open and closed flaps was 0.76 qc and 0.73 qc,
respectively.
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,. The cooling-air pressure (fig. 6(b)) behind the engine (rear
pressure) was greatly affected by cowl-flap position, the average
rear pressure changing from approximately 0.5 qc for closed-flap.
position to 0.2 qc for the full-open position. In general, the
pressures behind the rear-row cylinders were lower than those
directly -behind the front-row cylinders. As the cowl flaps were
opened to increase the cooling-air flow across the engine, the dif-
ferences between the rear pressures.of the front-row and the rear-
row cylinders markedly increased; 'extremely jagged patterns of rear
pressure were thus obtained for the half-open and full-open flap
positions.

The flow path of the cooling air across the front-row and rear-
row cylinders of the engine is indicated in figure 3 ,, which shows
that the cooling air leaving the front-row cylinders must flow through
restricted spaces between the rear-row cylinders to reach the rear.
engine compartment. The pressure differences between the rears of
the front-row and rear-row cylinders may possibly be explained as
the result of the additional pressure losses sustained by the cooling
air of the front-row cylinders in flowing through the restricted
spaces to the rear engine compartment (where the rear pressures of
the rear-row cylinders were measured). A similar effect was not
obtained i however, for the front pressures of the front-row and rear-
row cylinders.

The rear static pressures were higher at the bottom of the engine
than at the top, as would be expected from the fact that the cowl
flaps are at the top and a pressure loss was sustained by the cooling
air in flowing from the bottom of the engine to the cowl-flap exit.
The difference between the bottom and top pressures increased as the
cowl flaps were opened..

The general shape of the radial pressure distribution (fig. 6(c))
is altered only slightly by change in cowl-flap position. Front
pressure increased with radial distance from the base to the top of
the cylinder and., in addition ., the rear pressures were lower behind
the cylinder head than behind the barrel; consistent with these
results, the largest pressure drop across the cylinder was obtained
near the top of the cylinder head.

The pressure-drop distribution shown in figure 6(d) reflects
the changes in the circumferontial distribution in front 

of 
and

behind the cylinder heads. The general shape of the pressure-drop
patterns is similar for the , different cowl-flap openings; for the
full-open position, the pressure drop across a rear-row cylinder is
approximately 0.2 q c higher than the drop across an adjacent front-
row cylinder.
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Effect of ^ro2eller speed. - Figure 7 presents the cooling-air
pressure distributions for propeller speeds from 960 to 1350 rpm.
Varying the propeller speed and, consequently, the blade angle had no
substantial effect on the cooling-air pressure distribution for the
range of speeds tested, although it may have affected the turbulence
of the cooling air and therefore varied its cooling effectiveness.

Effect of auxiliary air flow. - The charge air for'the engine
and the cooling air for the intercooler, the oil coolers, and the
exhaust-cooling shrouds enter the cowling with the engine cooling air
and are diverted to the auxiliary air scoop located beneath the engine
(fig. 1). In order to determine whether variations in the quantity of
auxiliary air taken from the engine cowling affect the engine cooling-
air pressure distribution, a study was made of the cooling-air pres-
sure distributions obtained for variable intercooler.-shutter position.
Estimates indicate that at the full-open intercooler-shutter position,
the intercooler cooling air constitutes about 20 percent of the total
air that enters the engine cowling. The results of this study are
presented in figure a, which shows that only the cylinders at the
bottom of the engine (cylinders 8 to 12) are affected by changes in
intercooler-shutter position. As the shutters were moved from closed
to full-open position (in which case the quantity of air diverted to
the auxiliary air duct was increased), the front pressure for the bottom
cylinders 8 to 12 was decreased about 0.1 q c (fig. 8(a)). The rear
pressures for cylinders 8 to 12 were also reduced (fig. 8(b)),,although
to a lesser extent than the front pressures, which resulted in a
decreased pressure drop across the bottom cylinders (fig. 8(d)). A
possible remedy for the foregoing condition would be to extend the
dividing plate to the front edge of the cowling, ,and thus allow the
accessory air, to be drawn from the free-air stream rather than from
the engine cooling-air stream. Figure 8(c) shows that the shape of
the radial distribution pattern is essentially unaffected by the changes
in intercooler-shutter position.

Effect of altitude. - The cooling-air pressure distribution curves
for a range of altitude from approximately 5000 to 35,000 feet at con-
stant inclination of the thrust axis are presented in figure 9. This
figure shows a fairly substantial amount of scatter but no apparent
trend with altitude. These plots indicate that the circumferential,
radial, and pressure-drop distributions were substantially unaffected
by changes in altitude.

Effect of inclination of thrust axis. - Operational limitations of
the P-47G airplane made it impossible to obtain variation of inclination
of thrust axis in level flight without an accompanying variation of air-
plane velocity and thus of engine cooling-air impact pressure. Because
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impact pressure should theoretically have little effect on the
cooling-air distribution, however, the combined effect of inclina-
tion of thrust axis and of impact pressure obtained in the tests
is assumed to represent principally the effect of inclination of
the thrust axis.

The variation in angle of inclination of the thrust axis was
accomplished by two methods, namely, (1) through the introduction
of parasitic drag by lowering the landing gear, and. (2) through
changes in engine power. The effect . of angle of inclination of the
thrust axis on the cooling-air pressure distribution is presented
in figures 10 and 11 for the two methods of changing inclination of
the thrust axis. Figure 10(a) shows that as the angle of inclination
of the thrust axis was increased from 1.50 to 4.00 the average
increase in front pressures for cylinders 10 to.16 was 0.1 qc; whereas,
elsewhere on the engine the average decrease in pressures was about
0.05 qc. The static-pressure distribution behind the engine reflected
similar trends with respect to inclination of the thrust axis, although
to a lesser degree (fig. 10(b)). Figure 10(c) shows that the radial
distribution was unaffected by changes in angle of inclination.
Because of the relatively small change in rear pressures with inclina-
tion of the thrust axis, the pressure-drop distribution (fig. 10(d))
was similar to the front-pressure distribution. A distinct cross-over
of the patterns was noted between cylinders 9 and 11 and cylinders 16
and 17. Inspection of figure 11, which was presented for variable
power conditions, shows that the trends in pressure patterns were
similar to those shown in figure 10; in general, an increase in angle
of inclination of the thrust axis resulted in higher front pressures
and correspondingly higher pressure drops at the bottom of the engine
at the sacrifice of lower front pressures (and thus lower pressure
drops) for the top of the engine.

Comparison of ressure-dropand temperature distributions. - A
comparison of the pressure-drop patterns presented herein with the
temperature patterns presented in reference 3 shows that no correla-
tion existed between the cooling-air pressure-drop distribution and
the cylinder-temperature distribution. Thus, the dispersion in
cooling-air distribution is not the principal factor that produces
the dispersion in the cylinder-temperature distribution.

SUNMARY OF RESULTS

A study of the results of an investigation conducted on an
R-2800-21 engine installed in a P-47G airplane to determine the effect
of the flight variables on the engine cooling-air pressure distribu-
tion showed that;
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1. For the large range of flight conditions tested, the average
engine front pressures ranged from 0.73 to 0.82 of the impact pressure
(velocity head). The average engine rear pressures ranged from 0.50
to 0.55 of the impact pressure for closed cowl flaps and from 0.10 to
0.20 for full-open cowl flaps.

2. In general, the highest front pressures were obtained at the
bottom of the engine. The rear pressures for the rear-row cylinders
were lower and the pressure drops correspondingly higher than for the
front-row cylinders.

3. The rear-pressure distribution and thus the pressure-drop dis-
tribution were materially affected by cowl-flap position in that the
differences between both the rear pressures and pressure drops of the
front-row and rear-row cylinders markedly increased as the cowl flaps
were opened., For the full-open flap -position, the average pressure
drops across the rear-row cylinders were approximately 0.2 of the Impact
pressure greater than across the front-row cylinders. The rear static
pressures were higher at the bottom than at the top of-the engine
because the cowl flaps are located at the top and a pressure loss was
sustained by the cooling air In flowing from the bottom to the top of
the engine® The difference increased as the cowl flaps were opened.

4. Propeller speed and altitude at constant inclination of the
thrust axis had no appreciable effect on the cooling-air pressure dis-
tribution in front of or behind the engine.

15. As more auxiliary air was taken from the engine cowling, the
front pressures and, to a lesser extent, the rear pressures for the
cylinders at the bottom of the . engine were decreased.

6. Increase in angle of inclination of the thrust axis decreased
the front pressures for the cylinders- at the top of the engine and
increased the front pressures for the cylinders at the bottom of the
engine. The rear pressures were affected in a similar manner but to a
lesser extent.
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7. The cooling-air pressure-drop distribution across the engine
did not account for the cylinder-temperature distribution obtained.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.

% 

Samuel J. Kaufman,
Mechanical Engineer.

Robert C..Staudt,

tt
	 Aeronautical Engineer.

f	 /	 j ^'j ^C^1^aQf ^^ ^jQ l^^itrG4d(?

Michael F. Valerino,
Aeronautical Engineer.

r
Approved:

. J. N^J g^aniello,

^;en
anicapneTr

 amin Pznke.l,
hysicist.

Lewis . Rodert,

AeS lverstein,
Aeronautical Engineer.

vab



12
	

NACA RM No. E7A07

FSTUMMCES

1. Manganiello, Eugene J., Valerino, Michael F., and Bell ., E. Barton:
Altitude Cooling Investigation of the Pratt & Whitney P-2800-21
Engine in the P-47 Airplane. I - High Altitude Cooling Correla-
tion. NACA MR No. E5Jll, Army Air Forces, 1945. (NACA TN No. 2.089,
1946.)

2. Bell ) E. Barton, Valerino, Michael F., and Manganiello, Eugene J.:
...Altitude Cooling Investigation of the P-2800-21 Engine in the

P-47G Airplane. III - Individual-Cylinder Temperature Reduction
by Means of Intake-Pipe Throttle and by Coolant Injection. NACA
RM No. E6106, Army Air Forces, 1946.

3. Pesman, Gerard J., and Kaufman, Samuel J.: Altitude Cooling Investi-
gation of the P-280Q-21 Engine in the P-47G Airplane. II - Investi-
gation of the Engine and Airplane Variables Affecting the Cylinder
Temperature Distribution. NACA RM No. E6I05, Army Air Forces, 1946.



NACA RM No. E7A07
	

13

INDEX OF FIGURES

Figure 1. - Power-plant installation in P-47G airplane.
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(b) Circumferential distribution of static pressure at rear of
cylinders, P5.
(c) Radial distribution, cylinder 9.
(d) Circumferential distribution of pressure drop across cylinder
heads, (H5 - P5).

Figure 6. - Effect of cowl-flap position on cooling-air pressure
distribution.
(a) Circumferential distribution of total-head pressure in front
of cylinders, H5,
(b) Circumferential distribution of static pressure at rear of
cylinders, P5.
(c Radial distribution, cylinder 9.
(d Circumferential distribution of pressure drop across cylinder
heads, (H5 - P5).

Figure 7. - Effect of propeller speed on cooling-air pressure distri-
bution.
(a) Circumferential distribution of total head pressure in front
of cylinders, H5.
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Figure 8. - Effect of auxiliary air flow on cooling-air pressure dis-
tribution.
(a) Circumferential distribution of total-head pressure in front of
cylinders, H5.
(b) Circumferential distribution of static pressure at rear of cyl-
inders, P5.
(c) Radial distribution, cylinder 9.
(d) Circumferential distribution of pressure drop across cylinder
heads, (H5 - P5).

Figure 9. - Effect of altitude at constant inclination of the thrust
axis on cooling-air pressure distribution.
(a) Circumferential distribution of total-head pressure in front of
cylinders, H5.
(b) Circumferential distribution of static pressure at rear of cyl-
inders, P5.
(c) Radial distribution, cylinder 9.
(d) Circumferential distribution of pressure drop across cylinder
heads, (H5 - P5).

Figure 10. - Effect of angle of inclination of airplane thrust axis at
constant engine power on cooling-air pressure distribution.
(a) Circumferential distribution of total-head pressure in front of
cylinders, H5.
(b) Circumferential distribution of static pressure at rear of oyl-
inders, P5.
(c) Radial distribution, cylinder 9.
(d) Circumferential distribution of pressure drop across cylinder
heads, (H5 - P5).

Figure 11. - Effect of angle of inclination of airplane thrust axis at
variable engine power on cooling-air pressure distribution.
(a) Circumferential distribution of total-head pressure in front of
cylinders, H5.
(b) Circumferential distribution of static pressure at rear of cyl-
inders, P5.
(c) Radial distribution, cylinder 9.
(d) Circumferential distribution of pressure drop across cylinder
heads, (H5 - P5).
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TABLE l - SUMMARY

Condition Flight Run Altitude Propeller Mani-
(ft) speed fold

(rpm) pre s--
sure

( in.	 Hg
abso-
lute)

Reproducibility 18 2 4,800 1290 36.2
64 3 5,050 1285 37.7

Variable cowl- 17 1 5,050 1295 28.2
flap position 19 c5 5,220 1290 42.0

14 3 5,200 1290 25.5
Variable propeller 47 1 100610 960 35.7
speed 47 2 10,640 1010 33.1

47 3 100610 1100 29.7
47 4 10,600 1205 27.9
47 5 10,610 1285 26.7
47 6 10,610 1350 26.0

Variable inter- 367 1 10,370 1285 39.0
cooler-shutter 37 2 10,420 1285 40.1
position 37 3 10,430 1285 39.9

367 5 10,410 1295 40.3

Variable altitude 18 c4 4,500 1285 36.9
13 3 92340 1275 24.0
45 1 15,080 935 29.3
42 3 24,450 1300 27.4
46 3 34, 8'70 1285 34.6

Variable angle of 30 3 29,680 1275 41.8
inclination at con 04 29p390 1270 4R.8
stant engine power

V ariable angle of 14 04 5,vO90 1290
inclination at var 17 3 50070 1300 28.3
iable engine potter 19 3 50230 1285 42.2

aCowl-flap position leg
(p^( 4eg 8 	 s

Full open 17.5
One-half open. 12.3
Closed 7.0

b Intercooler-shutter position Approximate opening
(sq in.)

Closed 0
One-fourth open 25
Neutral (one-half open) 670
Open 150

cLanding gear down.
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OF FLIGHT CONDITIONS

Engine Cowl--flap Impact Angle of Intercooler- Fig-
power position pres- in.clina- shutter ure
(bhp) stare tion of position

(in. thrust
water) axis

(deg)
(a) (b

1310 One-half open 36.7 Neutral 5
1380 One-half open 34.7 2.5 Neutral

970 Full open 24.5 2.8 Neutral
1560 One-half open 22.6 2.1 Neutral 6,
820 Closed 23.3 2.9 Neutral

1130 One-half open 29.5 2.2 Neutral
1100 One-half open 28.6 2.6 Neutral
1020 One-half open 27.3 2.8 Neutral,
1000 One-half open. 27,, 0 2.7 Neutral

970 One-half open 26.2 2.8 Neutral
930 One-half open 24.3 3.1 Neutral

1430 One-half open 36.2 2.3 Closed
1470 One-half open 35.2 2.0 Open 81470 One-hall' open 37.7 1.8 )ne-fourth open
1470 One-half open 37.8 1.9 Neutral
1380 Closed 22, 0 -------- Neutral

790 Closed 21.9 3.1 Neutral,
850 Closed 20.9 4.2 'neutral, 9

1000 Closed. 21.7 3.6 Neutral,
1200 Closed 20.9 3.8 Neutral,

12`70 Closed 31.4 1.5 Neutral l
1280 Closed 15.8 4.0 Neutral

810 Closed 13.0 6.0 Neutral
970 Closed 28.6 1.9 Neutral,

1560 Closed 43.2 .8 Neutral,
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Figure }, - Power-plant installation in p -47G airplane.
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Intake-side view of rear-	 Front view of front-row

row cylinder showing static-	 cyl inder showing totaI -

pressure tube locations	 head pressure tube Ioca-	 (C)

t ion,

Figure 2. — Cylinder total—head and static—pressure tube locations. 	 K'
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Coo  i ng a  r___

P ressu re

	

Symbols	 tubes

Shielded total

head

(H5)

	

/l7 	 Unshielded total

	

Cam'	 head between fins

and baffles

H I, H2, or H4)

Q 
Iosed end static

installed on rake

in air stream

(P5 or P6)

	

®	 -Open end static

on intake-side

baffle

(PI or P4)	 —°

(Tubes P3 and H3 indicated in

fig. 2)

Figure 3m — Schematic diagram shoeing cylinder arrangement
( f rom the si de) on R-2800-21 eng i ne and posit ion of
pressure tubes with respect to cylinder and baffle.
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i

(a) Circumferential distribution of total-head pressure in front of cylinders, H5o

Figure 5, _ Reproducibility of cooling—air pressure distribution patterns for two nearly
Identical flight runs
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Fig. 5b
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(b) Circumferential, distribution of static pressure at rear of cylinders, P5-

Figure 5- o Continued. Reproducibility of cooling air pressure distribution patterns for
two nearly identical flight runs.
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Front	 1.0 -	 .9	 .6	 ® 4 	.2	 0	 Kean

Pressure ratio, p/q.

( c ) Radial di'str° bution, cylinder 9.

Figure	 Continued. Reproducibility of cooling—air pressure distribution patterns for
	 v^

two nearly identical flight runs.
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(d) Circumferential distribution of pressure drop across cylinder heads, (H5 - ?5)e

Figure 5m - Concluded. Reproducibility of cooling--air pressure distribution patterns for
tvo nearly identical flight runs.
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(a) C ircumferential distribution of total-bead pressure in front of cylinders,H5

Figure 6. - Effect of cowl-flap position on cooling-air pressure distribution®
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(b) Circumferential distribution of static pressure at rear of cylinders,

Figure 6r - Continued. Effect of cowl-flap position on cooling-air pressure distribution.



Flight Run Cowl-flap Angle
position (deg)

0	 17 1 Full open 17.5
13	 1Z 5 One-half open 12.3
A	 1 3 Closed 7.,®
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C)

K

z

m
v

0
v

a2	 ®	 Rear

Pressure ratio, p/qc

(c) Radial distribution, cylinder 9A

Figure 6. - Continued. Effect of coal-flap position on cooling-air pressure
distribution.
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(d) Circumferential distribution of pressure drop across cylinder heads, (H5 - P5)s

Figure 6. — Concluded, Effect of cowl—flap position on 000linE-air pressure distribution,

c
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(a) Circumferential distribution of total-bead pressure in front of cylinders, Hrj,.

Figure 7. - Effect of propeller speed on cooling-air pressure distribution.
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(b) Circumferential distribution ofwstatic pressure at rear of cylinders, P5®

Figure 7. - Continued. Effect of propeller speed on cooling--air pressure distribution.



Flight Run Propeller speed
(rpm)

0	 47 1 960
+	 47 2 1010
x	 47 3 1100
0	 47 4 1205
^ X47 5 125

bb 1350

m

K
z
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r
0
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Tr
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Pressure ratio, p/qo
(c) , Radial distribution, cylinder 9.

Figure 7m — Continued. Effect of propeller speed on 000ling®air pressure di stribution.	 0
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(d) Circumferential distribution of pressure drop across cylinder heads, (H5 - p5)7

Figure 7- - Concluded® Effect of propeller speed on cooling-air pressure distribution.
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Fig, 8a

(a) Circumferential distribution of total-head pressure in front of cylinders, gj®

Figure S. m Effect of auxiliary air flow on cooling-air pressure distribution.
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FigF 8b
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(b) Circumferential distribution of static pressure at recta ° of cylinders, P5*

Figure S. - Continued„ Effect of auxiliary air flow on cooling-air pressure distribution.
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Flight	 Run Intercooler-	 NATIONAL ADVISORY
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	O. 37	 1	 Closed

	

q 37	 3	 One-fourth open

	

4 37	 5	 Neutral (one-half)

	

37	 2	 Open

Front	 1.O	 .9	 .6	 .4	 .2	 0	 Rear

Pressure ratio, p/q0

(c) Radial distribution, cylinder 9®

Figure 9. - Continued. Effect of auxiliary air flow on cooling-air pressure
distribution.
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Fli 
\ 
t Run

gh\t

0 37
37
37
37 12

Intercool er
shutter po Stl on

lo

0
0	 ourth open
N^eal (one-half07en

2	 18
3	 — 17

16

15	 ql	 2.4	 S	 6Cylinder 14	 Pressu r e-	 drop ra,

7
'3

8	
-

12
9 10

(d) Circumferential distribution of pressure drop across cylinder heads, (H5 - ?5)-

Figure 8^ - Concludeda Effect of auxiliar y air flow on cooling-air pressure distribution.
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(a) Circumferential distribution of total-head pressure in front of cylinders, a5.

Figure 9. - Effect of altitude at constant inclination of the thrust axis on coolingp-air
pressure distribution®

a
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Fig. 9b
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(b) Circumferential distribution of static pressure at rear of cylinders ® P5.
figure 9. 4 Continued. Effect of altitude at constant inclination of the thrust axis on cooling-

air pressure distribution.



m2	 0	 Rear

Flight Run Altitude
(ft)

0	 is 4 4,500
13	 143 3 9,340
L	 2 52 $4503

v	 46 3 34,870

Pressure ratio, p/qc
(c) Radial distribution, cylinder 9.

Figure 9® a Continued. Effect of altitude at constant inclination, of the thrust axis on
cooling—air pressure distributions
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(d) Circumferential distribution of pressure drop across cylinder heads, (H5 - P5).

Figure 9. - Concluded. Effect of altitude at constant Inclination of the thrust axis on
cooling-air pressure distribution.
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Fig. 10a
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a

(a) Circumferential distribution of total head pressure in front of cylinders, a5®

Figure 10.- Effect of angle of inclination of airplane thrust axis at constant engine power
on cooling-air pressure distributions
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(b) Circumferential distribution of static pressure at rear of cylinders, P5,

Figure 10, - Continued., Effect of angle of inclination of airplane thrust axis at constant
engine power on cooling air pressure distribution.

a



Flight Run Angle, of inclination
of thrusdt axis

(dee)

Engine over Impact pressure, qc
(bhp	 (in. water)

Front	 1.0	 .6	 ,4	 .2	 C	 Pear
Pressure ratio, p/qC 	

NATIONAL ADVISORY

(c) Radial distribution, cylinder 9. 	 COMMITTEE FOR AERONAUTICS

Figure 10.- Continued. Effect of angle of inclination of airplane thrust axis at constant
engine poser on cooling.-air pressure distribution,
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Fig. 10d
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(d) Circumferential distribution of pressure drop across cylinder heads, (a5 - P5).

Figure 10. - Concluded, Effect of angle of inclination of airplane thrust axis at constant
engine power on cooling-air pressure distribution.
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(a) Circumferential distribution of total-head pressure in front of cylinders, H5-
Figure 11. - Effect of angle of inclination of airplane thrust axis at earlabie engine power

on 000lingmair pressure distribution.
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(b) Circumferential distribution of static pressure at rear of cylinders, P5a

Figure 11. - Continued. Effect of angle of inclination of airplane thrust axis at variable
engine power on cooling-air pressure distribution.



Flight Run Angle of inclination
of thrust axis

(deg)
0 19	 3	 ots

A i4	 6.o

Engine power Impact pressure, q 
(bhp)	 (in. water)

1560	 43.2

oie	 13.0

Pressure ratio, p/a c	 9VA7IOMAL ADVISORY

(c) Radial distribution, cylinder 90	 COMMITTEE FOR AERONAUTICS

Figure 11. - Continued. Effect of angle of inclination of airplane thrust axis at
variable engine power on cooling-air pressure distribution.
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(d) Circumferential distribution of pressure drop across cylinder heads ( H5 ® ?5)-

Figure 11. - Concluded. Effect of angle of Inclination of airplane thrust axis at
variable engine power on cooling-air pressure distribution,




