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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
AN INVESTIGATION OF THE RANGER V-770-8 ENGINE
INSTALTLATION FOR THE EDO XCSE~1 ATRPLANE
IT - AERODYNANICS

By Mark R. Nichols and John 8. Dennard

SUMMARY

An investigation has been conducted in the Lengley
propeller-research tunnel to determine the cowling and
cooling requirements of the Ranger V-770-8 engine instal-
lation for the Edo XOSE-1 airplane. The present report
summarizes the aerodynamic data obtained in the testing.

Extensive model changes including alternate baffles,
exhaust stacks, cooling-alr exits, and oll-cooler ducts
were tested in attempts to increaese the cooling capaclty
of the cowling and to reduce the drag. Final cowl con=-
figurations possessed sufficlient engine end oil-cooler
pressure drops in the critical normal-power climb condi-
tion to cool the cylinders and the oil below the specified
temperature limits with any of the three baffle configura-
tions tested. Drag clean-up tests indicated minor change s
which will result at see level in epproximate incresses
of 5 miles per hour in high speed, 34 feet per minute in
rate of climb, and 7 percent in maximum range. The indi-
cated critical Mach number of the cowling was found to
be 0.70 as determined by the pressures on the lower 1ip
of the inlet.

Pressure data are presented for wide ranges of exit
area, sngle of attack, and thrust disk-loading coefficient,
Sample spplications of the data to the estimation of the
required exit area are shown.
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INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, an Investigatlon of the aerodynamic and
cooling characteristics of the Ranger V-770-8 engine
installation for the Edo XOSE-1 airplane has been con-
ducted in the Langley propeller-research tunnel, The
objects of the investigation were (1) to determine the
cooling characteristics and requirements of the engine,
(2) to determine the aerodynamic characteristics of the
cowling, and (3) to develop a cowling with adequate
cooling-pressure drop and low drag. The present report,
part II, summarizes air flow, pressure, and force data
obtained in tests of a number of model configurations;
part I, reference 1, presents corresponding temperature
data and engine cooling correlations,

The #do XO3E~1l alirplane is a single-engins scout-
observation seaplane with a normal gross welght of
5200 pounds, a wing area of 233 square feet, and a wing
span of 38 feet. As estimated by the manufacturer, the
high 3peed of this alirplane at sea level with military
power is 192 miles per hour and the rate of climb at
this altitude and power is 1L60 feet per minute at a
climbing speed of 108 miles per hour. Because of these
low flight speeds, special emphasis has been directed
toward the reduction of the pressure drops required to
cool and increasing the pressure drops avallable.

The wind-tunnel investigation included propeller-
removed and propeller-operating measurements to determire
drag and cooling-air-flow characteristics. Changes to
the original configuration included alternate baffles,
exhaust stacks, cooling-air exits, and modifications to
the oll-cooler duets. , For the more promising configura-
tions, extensive pressure surveys were made in thse
internal flow and on the external cowl surface over wide
ranges of cooling-exit area, angle of attack, and thrust
disk~loading coefficient.

The flow-resistance characteristics of the engine,
the olil cooler, the cowl leakage area, the generator,
and the generator blast tube were determined from ground-
stand calibration tests.
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SYMBOLS

spead of sound, feet per second

crogs-sectional area of duct, square feet

drag ccefficient, Dres

3

increment of drag coefficient

Internal drag
468

coefficlent of internal drag,

propeller dlameter, 9 feet

acceleration due to gravity, 32.2 feet per second
per second

total pressure, pounds per square foot or inches
of water

increment of total pressure, inches of water
critical Mach number, V,,/a
rotational speed, revolutions per second

static pressure, pounds per square foot or inches
of water

cooling-alr pressure 4drop across oll coeler .

prm— Svem——

(Hf - pr}, pounds per square foot or inches of
water

.

cooling-alr pressure drop across individual engine
cylinder (Hf - Ppls pounds per squere oot or
inches of wsater

dynamic pressure, pounds per square foot
volume rate of flow, cubic feet per minute
wing area, 2308 square feet

effective thrust, pounds
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i thrust disk-loading coefficient, 2
5P Be
FoVe D
v velocity, feet per second
v fres-stream velocity at which local surface veloclty

reaches speed of sound, feet per sscond

W weight rate of flow, pounds per hour or per minute
a | angie of attack of thrust axls, degrees

B propeller blade angle at 0.75 radius, degrees

o) cooling-eir flap angle from flush positlion,; degrees
0 design eangle of propeller blade element, degrees

P mess density of air, slugs per cuble foot

o} relative density of air, /0.0023278

Subscripts:

b at front of c¢ylinder barrels

© 0ll cooler

e engine

i at front face of oll cooler or between fins of

cylinder heads

i at cowl inlet

e at tnlet of oll=cocler duct

0 in free stream

o at rear of oll cooler or engine
b4 at cooling-air exit

Double subscripts indicate that both apply. A bar
above a symbol 18 used to dencte an arithmetic aversage.
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MODEL, POWER-PLAINT INSTALLATION,

AND INSTRUMENTATION

The model consisted of a complete power-plant
installation mounted on a mock-up of the forward part
of the airplane. 4 15.21-foot stub wing was fitted to
the mock-up; the tail surfaces and floats were not
installed. The general srrangement and principal dimen-
sions of the model ars presented in figure 1; general
views of the model are shown in figure 2. The varlous
model configurstions are identified and assigned symbols
in table I. (As received, the model was in the configura-
tion designated Tae.) Significent duct areas are ligted
in table II.

The Ranger V-770-8 engine (fig. 3) is a l2-cylinder
inverted-V-type air-cooled engine with a propeller gear
ratio of 3:2. It has a 2ormal power rating of 500 horse-
power at 3150 rpm from sea level to 8000 feet and a

‘military rating of 550 horsepower at 3300 rom from sea

level to ASOO feet. The propeller used for thess tests, a
two-blade, 9-foot-diameter, constant-speed, Heamilton °
standard propeller (blade number 61C1A-12), is described
in figure L.

Sketches and photogresphs of the baffles tested on
the engine are presented as figures 5 and 6, respectively.
The conventional baffles were installed on the outboard
side of the barrels. The turbulent-flow baffles were
installed on both sides of the heads end barrels and had
several turbulence strips extending from the baffle shell
to the cylinder fins. The NACA designed baffles, installed
on the barrels only, fitted tightly egainst the barrel
fins over an arc of about 300" and had inlets alined with
the flow snd diffuser-tall exits designed to reduce pres-
sure losses at the baffle exit. A more complete discrip-
tion of the baffles is contained in reference l.

Exheust-stack details are shown in filgures 7
through 10. The stacks were manifolded in groups of
three except for the mocked-up individual stacks of con-
figuration IVe. All stacks except those used in con-
figurations IVb, IVd, and IVe were equipped with shrouds
intended to reduce heating of the engine and oil-cocler
alr. Shroud cooling was effected by cooling air which
entered at the top of the shrouds and exhausted at the
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surface of the cowl. (See fig. 9.) External configura-
tion variables for the manifolded stacks included
"yertical" and "horizontel" fishtail-type flame dampers,
short stacks, and flush stacks. The mock=-up individual
stacks were equlivped with horizontal fishtail flame
dampers. The flame dampers were not used extensively in
the power-on testing because of recurring structural
failure (fig. 10).

Vi WS of the inlet duct configuration and coordi-
nates of the inlet lips are presented in figure 3 ‘anhd
table TII, respectively. All cooling and charge sir was
taken into the triangular-shaped main inlet. 0il-cooling
and carburstor alr was taken from the back of the inlet
section by ducts below the left cam cover and between the
exhaust stacks, respectively. The engine cooling air
was exhausted from the cylinder exits into the exit and
accesgory compartment which extended from the spinner
bulkhead to the firewall and was open to the rear of
both banks of cylinders.

A specially built Unlted Llrcraft Products elliptical
0il cooler, designated U~ 80713, was installed in the
model. (B8ee flg. 3 % e & v had 0.21-inch-d1ameter tubes,

a face area of 7Tl square in ,AGS, and a core depthh of
9 inches. Configurations of the oil~-cooler duct are
shown in figure 12. Installation variables included

(&)

exit ducts, exit flaps, and guide vanss. (3See fig. 13,9

A photograph of the car buretor duct is nressented
as figure ln- installation details are shown in figure 8(b).
The hot-air door in the bottom of the duct closed off the
passage to the pressure box when opered and caused all
the carburetor air to be taksn from the accessory com-
partment.

Cooling-air exit details are shown in figures 15
through 17. A flow-directing vane was used in the oil~-
cooler-exit duct of configuration Ic; two vanes were
used in each of the engine-cooling=-air exits of all con-
figurations except IVe; an NACA designed fairing strip
(Fig. 17) was installed in the accessory compartment
exit of configurations Ia and Ib. (Cooling-air shutter
and flap dimensions were as follows:
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| Cooling- Type of exit Height Length
| air duct control (in. ) (in.)
Engine Shutter 17.56 9.L0
Engine wlap 37.75 11.94

0il c o

Sher Zoreile) o

e T shutter 12,89 L. 25
0il o )
Flap 15433 T80

cooler 3 £ ol

Variations of the cooling-air exit area with shutter or
flep opening are shown in figure 1E&,

A 1%-inch—diameter blast tube (fig. S(b)) was used

to supply cooling air to the generator located at the

top of the engine. Configuretions were tested in which
the inlet was located at the top of the cowl inlet (fig. 1
at the rear wall of the pressure box beneath the right
cam cover (fig. 8(b)), at the rear wall of the pressure
box. above the carburetor duct, and in the oil-cooler
inlet duct just upstream of the oil cooler (fig. 13).
From % to'H feet of tubing and a number of bends were
reguired in each of the above configurations.

The 'engine panel incorvorsted remote indicating
instruments end an electric actuator system for operating

the engine controls and flaps. Forces were read on the gix-

component. wind-tunnel balance system. Pressures were
measured by the total and static tubses itemized in
table IV. Methods end instrumentation for obteining
temperatures and other engine opereting data are dis-
cussed in reference 1,

GROUND-STAND CALIBRATIOCNS

Ground-stand flow-resistance calivrations of several
components of ths installation wére made as a preliminary
to the analysls of the wind-tunnel test results. Expsrl-
mental setups are shown in figures 20 and 21, Specieal
instrumentation consisted of uhe calibrated venturi in
the former sebtup and the calibrated contraction cone
and grids of total pressure tubes at both ends of the
blast tube of the latter sestup.

2),




Engine-baffle combinations and oil cooler.- Propeller-
removed cooling-air-flow calibrations of the three engine-
baffle combinations are presented in figure 22; corre-
sponding comparisons of the average pressure drops across
the left and right banks are shown in figure 23. Effec-

tive oriflice sreasg, W_*_ (expressed in foot-pound-
g\/2 PLP
second units), were about ;.75, 0,68, and 0.73 square

foot for the conventional, turbulent-flow, and dirfuser-~
baffle installations, respectﬁve‘“. Thie latter value

is for an installation with diffuser haffles on all
cylinders.

A propeller~removed cooling-air~flow calib
the oil cooler 1s presented as figure 2. Th
“if*ce eres and “the pressure~drop coeffici

(D
c‘?‘CD

-

\ for the cooler were approximately 0.26 sqguare foot
qf
*d ko0, respectively.

It 1s emphasized that the above calibrations are
for the cold condition only; the pressure drop must be
corrected for cooling-alr-density changes due to heat
dissipation and altitude before being applisd to dower—
on operation. The necessary corrections are discussed
extensively in references 2 bhroxih - Refe¢epﬂe

indicates that a very close pﬁ"O“’maul n of the engine-
cooling-air flow in altitude operation mey be ob ained
from a cold calibration by basing ¢ on the density of

the cooling air just downstrecam of the en Ui“b

Ieaskage.- Tne combined leakage through the exhaus
stack shrouds and the pressure-box ssams fo* the calibra-
tion condition is presented as a function of the engin
front pressure and the bnglnpu,reaqwre drop in Bigure 25,
At a baffle pressure drop of & inches of water, the leak-
age flow is about 6000 pounds per hour or approximately
15 percent of the cooling-air flow +ﬁ°ough the engine.
Attention is called to the fact that these data are of
arstrictly qualitative nature as the external surface
pressures, the olil-cooler flow, and the charge-gir flow
for the flight conditlons were not duplicated; the actual
leakage flow would probably be greater for the high-
speed condition end less for the climb and crulsing con-
ditions.
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The leakage through the cowl seams downstream of the
engine (with respect to ths cooling-air flow; end from
the gao between the cowling end the firewall(figs. 16(]
g 11 - Tor the fiush~flep ﬂaWibwatiOﬂ condition is shown
in figure 26 as a function of the engine rear pressure
ATt oawh thease data are also of a gualitative nautwe, they

ndicate thet the leakage was a large percentsge of the
,Ait flow for the high-speed flight condition. The
clearance gep between the cowl and the spinner was found
to be the source of a large amount of additional leakage.

S

Generator end blast tubs.~ An air-flow calibration

of the cenerator is presented in figure-27. The pres-

sure drop n”oss the genierator 18 shown to e a2 more

arisble than the rotational speed in determining
the buillt-in fan appsars to be rela-

'3

the cooling—a r Tlows

tively ineffectlve at lsrge flow quanultleo. At the rated
engine spaed of 3150 rpm a pressure drop of approx:nltuls
2.5 inches of water was sufficient to supply the 75 cubic
feet of cooling air per minute specified by the engine
menufactursr. NKavy specifications (reference 5), Lhowever,
are not based on the nr,;vure dron but stinulats thet the
rem at the ;ererptor flangs shall be 2t least & inche

of water in flight at the bqu climb speed at sea lwval,
As the .accessory compartment press sure is below atmospheric
ressure . in the ollmb condition this requirement is con-
rvative.

(0]
(Db-\

A pressure-drop nalwhrathn of the generator blast
tube is presented as figure 28, ILarge increases in the
pressure losses 0C ccurred when either the tube length or
the bend angle were %ncreaseu. At the air flow required
for generstor cooling (75..cabio faﬂt o minute) the
loss through a tVﬁwcal Tr tallatd
blast tube having & total bend SlfLG of 2
batween 7 end § inches of water. This lar
most easily be reduced in the present inst
using & larger diameter blest tubs.

=

;Irr“rl -G“r r

The initial portion of the tunnel testing consis sted

of propeller-removed pressure and drag studlies at a
tunnel speed of about 100 miles per hour directed toward
the development of & "owllnc with adequate ¢ooling pres-

sure drop and low dreg Propsller~ 1P°1dljed tests of the
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best cowl arrangement were then conducted to determine
the cooling characteristics of the several engine-baffle
configurstions and those of the oil-cooler (reference 1),
and the aveilable cooling pressurs over the range of
flight conditions. Several finsal configurations were
checked at the end of the test program.

The cstimated sea-level flight conditions used as

a basis for the propeller-installsd tests were as follows:

| !

Flight Horse- (Bngins| B | To | @ Yo
condition power | (rom)! (deg) (deg) |( £t/sec)
High speed:
Norme.l nower 500 %150 22 10057 =1.% 274
Military power | 550 3200 2 L2 =1.6] 282
|
Maximum-endurance-
sruise at %30.6
vercent normal
power 153 1800 F2kaB b owdB | ALaB) 182
0limbs
Normal power 500 2150 | 17.5 b T 5 | o8
Wi litery power | 550 | 3300 [16.5 | .28 | 7.5 159

The climb and maximum-endurance-cruise conditions were
approximately duplicated in the ‘tunpel 2t the proper
airspeed; military power could not be quite attained

in most cases because of logses in manifold pressure
occasionaed by the charge-air measuring venturi installed
in the carburetor duct (reference 1l). The high~-speed
condition was simulated at a tunnel speed of 100 miles
per hour by duplicating the flight value of V,/nD

with the flight blade angle of 22°.

TUNNEL TEST RESULTS

The results of the tunnel tests are presented in
sections which dezl with cowl development, internal
flow, required exit area, drag, and surface pressures.
The types of data presented for each model configura-
tion along with the configuration identifications are
listed in table I.
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Modifications to Installation

Preliminary propeller-removed pressure surveys
indicated that the available pressure drops across the
engine, oil cooler, and generator of the original con-
figuration (Ia) would bs elther marginal or ilsufl cilent
for cooling in the normal-power climb condition. Testing
of this configuration was discontinued immediately and
a series of modifications to the cowling were investigated.

Engine and oil-cooler ducts.- A surmary of compara-

tive data pertinent to the development of the engine and
oil~-cooler ducts 1is presented in table V. The available
engine and oil-cooler pressure drops at a = 7.5 and
with propeller removed were incresased 0.21g, and O.5bqo,
respectively, by substltuting the flapped exits for the
shutter exits. (Comp are resuLts for configurations Ie
and ITa.) TFor the normal-power climb condition, removing
the exhaust-stack shrouds (configurations IVa and IVD)
increased the engine and oil- oooler pressure drops by
0.08q, and 0.09q,, by reducing leakage and removing
obstruutions from the pressure box, but also increased
the cooling-air and carburetor-asir temperatures by &° F.
For the same test condition, removing the vanes from

the engine-cooling-air exits and ssaling the accessory-
compartment exit gap (cdnfigu~ﬂb1@nq TVb and IVe)
decreased the engine prressurs drop by only 0.0L o but
increased the accessory-compartment temperature by 15° R
The flapped exits, the exhaust-stack shrouds, and the
unsealed sccessory~-compartment exit gap were components
ofi the series II and series III configurations tested
most extensively and for which cooling adequacy was
established. (See reference 1.)

Generator blast tube.- 3snerator cooling-pressure

data for four blast-tube inl T zations ere summarized
in table VI The highest oressure recovery for the
climb-at- normal ~-power condition, 5uq = 3.5 inches

of water, was obtained with the b14st tibe inlet located
at the rear wall of the pressure box above the carburetor
duct. The pressure drop for this configuration, L. inches
of water, is shown by figure 28 to be more than sufficient
to furnish the 75 cublc feet of cooling alr per minute
specified by the engine manufacturer.
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Internal Flow

Ixtensive pressure surveys were conducted in the
series IT snd seriss IIT configurations, considered to
be most nromising, to determine the available cooling
pressures and the effects of the several flight end
model variables on the internal flow.

Pressure distributions.- Pressures measured through-
out basic oonfighrﬁtvon TIa are presented in figure 29
for the high-sveed and climb attitudes with propeller
removed. These data indicate excellent flow into the

cowling with pressure rec over”m in the inlet An@ at the
end of the diffuser (beneath cylinders 6R and 6L) nesrly
equal to 1.0gq,. Recoveries at the front of the cylinder
barrels veried between 0.91q, and 0.994,; bub corre=
sponding pressures at the front of the cylinder heads
were much lower due in nart to flow obstructions pre-
sented by the ignition harness (fig. ) Pressures
measured between the fins of the cylild b@&ds {used

as the front pressures in the determwina
cylinder pressure drops) were approximsa

those msasured in front of ths heads. Recover‘
the face of the oill cooler were about 0.95q, and O. 7649,

for the high-speed and climb attitudes, regpectively.

o

Typical propel
substential incresase
propeller-removed t

ssures (fig. 30) show
hose obteined in the
inlet, total pressures
reached maximum va 1u 8 ef 1.508 gad.@.95q i fhe high-
speed and climb conditions, restg ctively. ,[The ocour-
rence of these peak pressures in the lower and right
parts of the 1hlet are indicative of increased loading
of the propeller-blade sections in front of these regions
due, in the former ce&se, to the increased prooeller
radluq and more effective airfoil section and, in the
latter case, to the pitched attitude of the propeller.
Presqure recoveries at the left-bank cyllnoerq and in

the left side of the pressuro box were higher than
corresponding pressures in the right ralf of the cowling
because of slipstream rotation. Pressure distributions
at the rear of the engine, at the oll-coonler face, and
at the carburstor deck were nearly uniform.

The ram in the carburetor duct with both normal .and
alternate inlets is shown in fl&ur; 31. These data,

R N
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. taken in the maximum-endurance condition, indicate that
the flow at the carburetor deck was uniform with either

inlet configuration; the average ram with the alternate
inlet, however, was approximately l.2q, below that with
the normal inlet.

cylinder pressure and pressure-drop distributions
for model configurations with the three types of baffles
are shown in figures 32 and 3% for the propeller-removed
and propeller-operating conditions, regpectively. The
front pressures varied by as wmuch as 0.5q between
individual cylinders; but, as previously noted, ‘the reap
pressures were nesrly uniform. The lowest front pressures
and consequently the smallest pressure drops were con-
sistently measured at the forward cylinders of sach bank.
Substituting the NACA designed diffuser beffles for the
turbulent-flow baffles on the left+bank cylinders incrsased
the pressure drop across these cylinders and caused sub-
stantial reductions in outboard barrel temperatures (ref-
erence 1 put at the seme time caused small reductions
im bhg T ssure drops across the right cylinders.

e
@ »
N

_ Average duct pressures.- Pressure data obtained in
the flight-simulation tests are surmarized in table VII.
The ram pressure 'in ths inlet for the II and IItseries
configurations averaged 1.30gq, in the normal-power high-
. speed condition and 2.1hqq in the normsl-power climb
condition. Pams at the carburetor deck for these flight
conditions and configurations (1l.35q4 and 2.0lqa, respeec-
o tively) correspond to airplane critical altitudes of
9000 feet and 9000 feet based on the engine critical
altitude of 000 feet. It should be noted that the
engine charge-air flow was not simulated exactly for the
high-speed condition as this air flow is.not nroportional
to T,. For the normal-power climb condition (configura-

tions ITIc and IITa), static pressures in the engine and

i
] oil-cooler cooling-air exits were sbout -0.L3q  and -0.28q,;
} corresponding engine and oll-cooler pressure drops

averaged l.5lqo and 1,86qo and were sufficient to cool
the engine and the oil below the specified temperature
1imits. Pressure drops for the series IV configurations
with the mixed baffles were of the same order and were
likewise adequate for cooling in this critical flight
f condition. It is noted that the measured thrust coef=
ficients for the climb condition tests were consistently
sss at military power then at normal power possibly
Tl because of efficiency lossss incurred by the high Mach

B R b e R R L
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number and high loading of the propeller tips or by the

decrease in Vo/nD; increasing the gear ratio or modifying

the propeller might result in over-ell increases in air-
plane performance at military power.

The average pressures in the engine and oll-cooler
ducts are presented in figures 3L end 35 as functions of
Vi/V, eand a for the propeller-removed tests and as a
function of T, for the propeller-installed tests,
Variations of the exit total pressure are omitted from
the figures as these pressures were very nearly equal to
and conflicted with the presentation of the rear pres-
sures. Some of the rear pressures, in turn, have been
omitted from the central portionsof the figures for the
sake of clarity. Propeller-removed data are used as the
end points of the curves in which T, 1is the indspendent
variable because the model with propeller installed was
not tested at this condition. :

Inlet total pressures for the propeller-removed con-
dition were nearly unity over the complete Vi/VO and

a ranges tested. Propeller operation increased these

pressures to a much greater extent than would be expected

from consideration of the simple momentum theory (from
which the inlet pressure rise would be =T,). Analysis

of the propeller-operating conditions indicates that this
result was attributable to the increased loading of the
propeller cuff sections caused by reduction of the
effective Vy/nD 1in the low velocity field in front of
the inlet.

Pressure losses between the inlet and the front of
either the engine or oil-cooler (figs. 3L and 35)
increased appreciably between the limiting propeller-
removed test inlet velocity ratios of 0.4 and 0.7 end
were essentlally independent of angle of attack, pro-
peller removed. Attention is called to the fact that
the slopes of the curves of front, rear, and exit pres-
sures versus T, are influenced by the changes in Vi/Vo
which accompany increases in T as these curves are
presentad for constant outlet c%nfigurations.

Static pressures at the rear of the engine or oil
cooler and in the cowl exits generally decreased with
increases in a, propeller removed. With propeller
installed, the exit static pressure increased with Tc
with undeflected exit flaps but decressed with T,
with fully extended flaps.
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The pressure losses ahead of the engine and oil
cooler are shown in figure 36 as a function of inlet-
velocity ratio. The continuity of the curves for the
propeller-removed and propeller-instaelled conditions
indicates that losses caused by misalinement of - the
inlet with the incoming flow were small for the propeller-
installed condition. The greater losses with the
turbulent-flow baffles than with the conventional bafiles
were probably caused by the obstructions to the flow in
the vee presented by the lnboard parts of the turbulent-
flow baffles. The magnitude of the losses at the higher
inlet-velocity ratios emphasize the need for large inlets
for installations of this englne in low-speed aircraft,

. Losses ahead of the oil cooler cculd be reduced by using

larger ducts.

Ducting efficiency.~ The ducting efficlency of the
cowling expressed as the relastionship of the pressure
drop across the heet exchanger _LAF) to the pressures
drop across the cowling (H; - Hy) 1s shown in figure 37
for ranges of engine and oil-cooler pressure drop. Con-
figurations Ie, IIa, and IIc with the conventlonal baffles
had maximum engine/duct pressure-drop ratios of about 0.85
compared to 0.78 for configuration IIIa with the turbulent-
flow baffles. The maximum oil-cooler-duct pressure-drop
ratio was approximately 0.95.

Outlet effectiveness.- The static pressure depressions
in the cowl exits caused by opening the flaps and shutters
are shown in figure 38. Opeaing the engilne and oil-
cooler flaps reduced the exit stetic pressures by &approxi-
mately C.57q, and 0.65qo, respectively. The advantage
of using a flappedexit is shown by comparisons of the
flapped-exit and shutter-exlt curves; at the maximum
shutter-exit areas the static,pressures in the flapped
engine and oil-cooler exits with the same areas were
0.26q_ and 0.21q. lsss than the corresponding pressures
in th8 shutter exits. The incrsased effectiveness of
the flapped exits is further indicated (fig. 39) by the
larger inlet-velocity ratio for any given outlet area.
The rapid increase 1in inlet-velocity ratlo with T, 1is
noted in this figure.

Charts for Predicting Exit Areas

To faclilitate application of ths pressure dete,
engine and oll-cooler pressure drops are presented in
figures L0 and L1 as functlions of Ay, @, éand T,.
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All available propeller-installed date were plotted ‘in
the right portions of the figures regardless of angle of
attack as this variation was obviously of second-order
importsnce; the lines shown were faired through the

a = 7.5° points and would be shifted up or down by
chaniges in a, but would not be changed appreciably
slopne. The exit areas and flap angles regulred for engine
and oil cooling in the steady flight conditions of this
airplane may be estimated from these figures by the fol-
lowing method as indicated on figure 4O;

1. Locate the value of QE required for cooling at
o)
the Ty for the flight condition in the right-~hand por-
tion of the figure and determine %ﬁ at T, =0 by
0
constructing a straight line through this voint pearallel
to the two test lines or through this polnt and the

intersections of these lines,
2. Locate the above-obtainsd valuse (QB T T ()

o
8

at the flight angle of attack and determine = hor

0
a = ?.50 by constructing a line through this point
parallel to adjacent test lines.
19 111 o L AR 2 i G (=) el
3, From the value o1 q fors s TeH read the
0

flap angle and exit aresa from the curves in the left
portion of the figure. As indicated on the charts,
allowance must be made for loss in flap effectiveness
caused by deflection of flaps anead of or behind the
outlet under consideration.

Estimates of the required flap angles and exit
areas based on the cooling-requirement predictions
n reference 1 are shown in table VIII,
ed that with the suto-rich mixture setting,
flap deflections of 6° or less will bs sufficient to
cool the engine cylinders with elther type of baffling
in the high-speed, climb, and crulse conditicns; opening
the flaps will produce sufficient addi tional pressure
drop to cool the conventionally baffled engine with the
auto-lean mixture. The negative engine-cooling-alr
exit areas shown for the maxirum-endurance -cruise con-
dition indicate that leakage through the cowl Joints
will be more than adequate to cool the engine at this
low power.

e




Drag
Drag studles based on force and pressure nmeasure=
mants were sonducted throughout the in'est{;at"an to
assist in the development of an optimum engine installa-

T O% e

Force measurements.- A surwary of the uropeller-removed
force data, table TX, shows that substantial reductions
in urag for the high-speed attitude may bz realized by
minor modificaetions to the installation. (Figures illus-
trating the test ccnditions of the model are listed 1n
the table.) vith the exhaust stack shrouds sealed drag
coefficient increments chargeable to the instellation of

he individual and man 1foldpd exhaust stacks with hori-
zontal flame danﬁars were 0.0021 and Q .31) respectively,
compared to C .0007, 2.000L, and 0.C003 for the manifolded
stecks with vertical fleme dampers, thie ranifolded short
stacks, and the manifolded ilust stacks. Leakage from
the external pressure-box and cowl -joints and from the
accessory-compartment exit gap at the cowl-firewall
juncture incressed the drag coefficient by 0.0005.
Pemovinﬁ the NACA designed fairing strip from the
accessory-comnartrent eylf gap (fig. 17) insreased the
draa ecoefficisnt by 0.000 thereb“ indicating the
ffectiveness of this fuirlng in reducxng and directing
tne accessory~compartment flow ubstituting the flap
exits for the shutter exits decreased the drag coeffl-
ient by 0.0007 in the fully closed cordition without
decreasing the pressure drons across the engine or oll
cooler: this drag increment 1s attributed in vart to
the more effective seals around the edzes of the flaps
and in part to the eliminatlon of the recessed surface
at the shutters. '

"rom the preceding items it appears thet an over-
all reduction in drag coefficient ﬂI aooroximately 0.0053
can be obtained in the high-speed conditlion by: substi-
tuting the short exhaust stacks for ths individual stacks,
sealing all external cowl joints except that et the fire-
wall, 1n°ia‘llug the feiring strip in the accessory- .
compartment sxit, and substituting the flapped exits for
the shutter exlts. This reduction in drsag coofficient
eorresvonds to an increase in high speed of 5 miles per
hogr at sea level; reductions at angles of attack of

Vil o}
7= and 3~ corresnond respectlvely to en in2rease

in the rate of cz1limb of aporozimately 2! fset per minute
and an in rease in maximum range, d“uOPdTL; to Diehl's
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range formula, of about 7 percent. As indicated by the
calibretion results, sizeable additional drag reductions
can probably be obtained by sealing the front bulkhead

of the cowl to eliminate the large amount of leakage from
the clearance between the spinner and .the cowl.

7ith the flush flapped sxits, the short exhaust
stacks, all seals removed, and the firewall fairing strip
removed, the over-sll drag coefficient incremsnts above
the sealed and faired condition were 0.0022, 0.0029, amd
0.0025 for configurations IIc, IIIa, and IVa with the
conventional, turbulent-flow, and mixed baffles, respec-
tively. ¥ith open flaps corresponding over-all incre-
ments were 7.006E, 0.0073, and 0.0071. £&ince the avail-
able engine pres sure drops for the three baffle uOPflgUTa*
tions were of the same order, the sslection of ths baffles
for this sirplane should be based exclusively on cooling
considerations.

. Internal drag.- Internal cooling drag coef
(fig. 1i2) were corputed from the total vprassure loss
through the cowling and the wsight flow of cool
by the following expression rearranged fror & f
sented in reference o4

i 5 WV Hylie -0, (ﬁ; - ﬁ:)
o o L
3% \ 1.-1/1 s
1 818y 9 (FY - po)|
& A
The di 3r@nce< in over-all pressure lossss for the thrse
baft fiu configurations were counterbalanced to such an

extent by nhm@as in the internal flow thsat only one line
could be faired through the ﬂalculatud points. At the
high-speed condition, T, = 0.057, the internal drag
coefficients for the engine and oil-cooler ducts were
0.0021 gnd 0.0002, respectively. CJorresponding internal
drag coefficients at the climb-condition, T, = 0.26,

o
>

i

v
were 00,0112 and 0.0031. Tt 1is interesting to note that
the sum of the calculated internal drag "nﬁffwcients
for the closed-flap condition (C.002%) .was of the same
order asg the propeller-removed differences in drag coef-

<

i
ficient between the complete installations and the
sealed and faired basic shavne.



Comperisons of the measured and calculated drag
increments caused by opening the exits to increase the
cooling~air pressurs drops are presentzd in figure L3,
The calculated internal drag coefficients were somswhat °
higher than the measured over-all increments nartly
beceause of the decrease in leaksge which took place as
the internal staticec pressurss decreased with increasss
in the internal flow. For a given increase in pressure
drop, the increase in drag coefficient was nearly the
same for exits equioped with shutters or flaog.

Surface Pressures

Surfece pressures were meesured at the rignt side
and. at the inlet of the cowling primarily to obtain data

on the air loads and on the static pressures at tie cooling-

alr exits. Extrapolations of the pressures to high Wachn
numbers were made by use of the von Kirmen relationship
given in reference V.

he ssaled

jal

Pressures measured along the rjght'°ids‘of
and faired cowling are presented in figure hu.
static pressure at the engine-cooling-air-exit was less
than the free-stream statl oressure whereas at the oil-
cooler alr . exlt, it was eauML to or slightly greatgr than

+
.
J.

this pressure. Changing the angle of attack from -1.5°
to ‘11.2° caused littlé change in the pressures at the
exits, Moving the wing 20 1Dﬁbek forward to conform

with a ﬂesign change madb suofenu@nt to cnnsfwuchop of
the model would cause only smzll changes in the static
pressures at the sxits and consegu 3nt1v woull not affect

25

the annlication of the test results.

Surface pressure distriocutions at the cowl inlet
with propeller removed are shown as figure 155 indicated
eritical Vach numbers corresnonding to these date are
presented in figure 6. Peak n 3a11ve pressures on the
lips decreased with incre ases in both inlet-velpcity
ratio and angle of attacl Pressure peaks on section C-C

reached & maximum of ~1. 05q at ¢ = =,,5° with
Vi/Vy = 0.6 but were only -0.51q, for the high-speed
gbtitude, a = ~1.5°, Vy/V, = u.5u. These pressures
correspond to critical ach nurbers of 0.57 and 0,70

and critical soeeds in sea-level standard air of l2

and 5%3% miles per hour, respsctively. Such high indicated
critical speeds show that the cowl 1lip shape (table TII)
might be applied successfully to a high-speed airplane.
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The effects of propeller operation on the surfac
pressures at the cdﬁl inlet for the closed-flap condit
are shown in figure 47. Positive pressure neeks incr
with To and also moved toward the right side of the ail
plene. egative pressure pesks on the right and bottom
sides of fhe inlet decressed with increases 1h y T partly
because of the pressure rise through the ovﬁl er but
mainly because of the attendent increase ¢n s

comparison in figures L5(c¢) and L7 of the pressures
critical section C-C (for the h*il soecd inlst veloe
ratic of 0.5l1) shows that propeller onsration did no
result in pressure changes large eno1“D to alter the
critical Mach rumber as predicted from ths propellsr-
removed tests.

5
A B
i/ 0 g
surs
val

i

SUNNARY OF RESULT

\
The more important results of -the
summarized as follows:

1. Available pressure drops scross the engine snd
oll cooler of original cowl configuration Ta were insuf-
ficlient' for adequate cooling in the normal-power climb
eoncdition. , Finel ecowl configurations of the:II, I1II,
and IV series, howsever, posssssed ample engine and oll-
cooler pressure drops (about 1.5q, and 1.9q,) for cooling A
in this criticsl flight condition with each of the thrse
baffle configurations tested therein,

2. The flap-flush exit area was sufficient to cool
the engine in the high-speed condition in any configura-
tion tested; leakage alono would furnish ade Luate cooling
in the mayirnm sndurance-~cruise condition.

3. The rams at the carburetor den. of the Berien IIT
configurations were 1l.35q_  and 2.010q for the no

power, high-speed, and climb cor”‘*1op\, respectively;
corresponding eritical altitudes of the alrplane i
stendard air are about 9900 feet and =000 feet bhased
on the engine critical altitude of <000 feet.

li. The flapped exits produced higher pressure A4arops
and had lower drags at equal pressure drops than the e
shutter exits,
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5. In the normai-power climDd condition (flaps open):

(a) Removing the exhaust-stack shrouds increased
the engine and oil-cooler pressure drops by O. 08q
and O. uﬂq resasctively, but increased both the

charge-~ dlr and cooling-gir temperatures by B T

(b) Sealing the accessory- ~compartment exit gap
at the firewall increased the accessory- comwartmert
terpsraturs by 15° F.

air exits caused little, if
in engine oressure drop.

(¢) Removing the vanes from.the engine—ooqling-
c 3

h
peu)
Y=
“
o
C')

4. A ram of %.3 inches of water at the genera %0
blest-tube flange was ettained in the c¢limb- &t~1ovﬂ31-
power condition by locating the blast-tube inlet &t -the

sear of the nrsssure box above the carburetor ducts
Alu“oufh this ram was less than the Navy rec J‘”ﬁlent,
the pressure drop across the generator fufnw shed aimr
flow in excess of that specified by the engine manyfac-
urex.

7. As indlcated by ground- stend calibrations, leakage
from the external cowl ioi nts in the high= sceei flight
condition would be a large percsntage of the engine

cooling-air flow.

it w=+1.5%, & Wrowel1er -removed drag-coefficient
ipnerement of 0.0011 was caused by leakage hrough the
pressure-box joints, the cowl 301nts, ard the UO%]— firewall
clearance. This Jnorcwpnf was reduced to 0.0005 by an
NACA designed fairing strip which blocked part of the
flow and directed the remaindsr mors nearly parallel to
the fuselage.

9. At a = -1.5 and with the exhaust-stack shrouds
sealed, the drag coefficients for exhaust sta oks with
individual snd marlfolued horizontal-fishtail-type flame
dampers were 0.0021 and O. 0015 cowpared to O. OOOL for
manifolded short stdcbq and 0.0007 for manifolded stacks
equipped with vertical- i{shtail-type flame dampers.

10. ¥inor model modifications indicated by the dreg
tests would result at sea level in spproximate Increases
of 5 miles per hour in high speed, 2], feet per minute in
rate of climb, and 7 percent in maximum range.

T |
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11. The over-all drag coefficlent was essentially
independent of baffle configuration.

12, In the propeller-removed condition at a = S
the drag coefficients for configurations IIc, IlIa, and
IVa with closed flaps, short exhaust stacks, and no seals
were 0.0022 to 0.0029 greater than that for the sealed
and feired hasic shape. These increments were of the
same order os those for the calculated internsal drags.

t cosfficients for the climb

condi tion tests were consistently less at military powsr
than at normsel power possibly becauss of propeller tip
losses or the decrease 1in VO/nD. Increases in the pro-
peller gear ratlio or modiflcations to the propeller might
result in over-all increases in asirplane performance at
military power.

13. .YMeasured thrus

1)1, ¥or the high-speed condition, the indicated
critical Mach number of the installatlon as determined
by the negetive peak pressure on the lower lip of the
inlet was 0.70. :

Lengley Memorial Leronautical Taboratory
National Advisory Committee for Aeronautics
Langley Field, Va. s
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TABLE I.- KEY TO MODEL CONFIGURATION AND DATA PRESENTED

L-562

Distinctive engine and 8Data
Config-|Sym- cowling components installed presented

uration|bol
Substituted components Pressure|Force

T Conventional baffles

Shutter exits

a Exhaust stacks with horizontal flame ———— X
dampers and shrouds

Original oll-=cooler ducts

b N Exhaust stacks with vertical flame
dampers and shrouds
c Modified oil-cooler-exit duct X X

Modified oil-cooler-exit duct with
vane omitted

e O Modified oil-cooler-exit duct, vanes X X
installed in olil-cooler-inlet duct

I Conventional baffles
] Flapped exits
a Exhaust stacks with vertical flame DG g Xy Y
dampers and shrouds
Vaned oll-cooler-inlet duct

b Flush exhaust stacks with shrouds ———— X
Z\ Short exhaust stacks with shrouds b's g

T Turbulent flow baffles

Flapped exits
S lehart exhaust stacks with shrouds IR S W

Vaned oil=cooler-inlet duct

IV Turbulent flow baffles onright bank mixed
NACA-designed baffles on left bank baffleg
a | O [Flapped exits e il TR
Short exhaust stacks with shrouds
Vaned oll-cooler-inlet duct

b + Short exhaust stacks without shrouds Y

Individusal stacks with horizontal -
flame dampers and shrouds

d Exhaust stacks with vertical flame o X
dampers and without shrouds

Short exhsust stacks without shrouds
= v Flapped engine-cooling-air exits Y )4
without vanes

ax Propeller removed.
Y Propeller installed.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- SUMMARY OF DUCT AREAS.

(Measured perpendicular to flow)

Area
Item (sq ft)
Cowl inlet 1.480
Carburetor-duct inlet 0.222
Carburetor deck .219
Oil-cooler-duct inlet <357
Oil-cooler face .51h
Oil-cooler-duct exit:
(a) Original shutter exit (configurations Ia, Ib)
shutter closed . 006
gshutter open .253%
(b) Modified shutter exit (configurationsIc, Id, Ie)
ghutter closed .019
ghutter open .200
(¢c) Flapped exit (configurationg II, III, IV)
flap closed .050
flap open 410
Engine-cooling air exits:
(a) Shutter exits (configuration I)
shutters closged .00
shutters open 1.420
(b) Flapped exits (configurations II, III, IV)
flaps closed NATIONAL ADVISORY ko
flaps open COMMITTEE FOR AERONAUT!CS i 690
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TABLE III.- ORIFICE LOCATIONS AND COWL

CONTOURS AT INLET.
Section A-A Section B-B
% E oY (left gide)
22.92 18.43 X i ¥
ol g 16.21 16.82 1.89 =0.17
1%.87 15.97 .98 -.31
_/f 11.96 15.05 Jio' ' ~-iBg
W, oy 4 T2 12.88 ale ~. 3L
{ 1 é 6.02 11.94 .01 - .04
l k.38 10,79 ad g
A L » A v 2.2u 9.49 .34 .63
s 1.68 sy 1.04 1.38
&J o 6.12 1.76 2.03%
ol B .20 k.19 E.ﬁl 2.62
0 2.19 P 3.59
E-~ 0 A g.52 " ipiE)
0 -1.82 1.06 b.74
X .14 -3.84 12.41 Zgu
.25 -5 77 16.54 .29
1.69 ~7.51
: i 2.96 -9.09 Section C-C
Section AA b.h2  -10.35 7 RN
6.13 -11.40 1.63 -0,15
=Y +r 7.89 | -12.%% U
: 11.26 -13%.88 .15 -.35
13.24  -ik.7h i IR
9/3[\ /‘9-25 16.53 S e .02 .08
.. 29,21 -17.15 33 .5k
S -B 16 Lol
Right ? Left (3gnt grae) i 1,12 1.30
1.82 0.07 2.35 1.75
| 3 7
Hy—Y— | —f—+y .93 -.21 3.26 2.08
I8 R 45 --36 5.21 2.58
.15 -.29 51l R
Sectlon B-B .0l =06 11.62 323
.08 34 15.88 4.12
X .30 .78 19.40 442
| 185 2%
2874 | 217 .89 Note: ALl
ensions i
¢ Thrust : 222 3% inches, Eash
| ' 9 5‘3 0 coordinate locates
Secf/oﬂGC 'H" 1123 6:14 a pressure tube,
JOR 15.76 6.78
I NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE IV.=- PRESSURE TUBE INSTRUMENTATION
Number Type of Reference
Location of pressure tube figures
tubes and table
cowl inlet 19 shielded total 3(a), 19, 29
9 static Do.
6 surface orifice Do.
pressure box (in plane of
number 6 eylinders) 28 total 3(a), 29
engine vee (in front of
barrels and heads) 2/ -do- 3(v), 6@®), 29
between head fins 14 ~-do- 5, 29
behind barrel baffles b7 total facing baffle 5, 6, 29
engine-cooling=-air exits 18 shielded total 16(c), 29
12 total 29
38 static 16(e), 29
6 surface orifice Do.
generator-blast tube flange al total 21
carburetor-duct inlet 12 ~-do- 3(b), 14, 29
3 static Do.
6 surface orifice Do.
carburetor screen 16 total Do.
oil cooler:
duet inlet 15 -do- 3(v), 29
5 static Do.
6 surface orifice Do.
front face 16 total 11, 29
rear face 8 open end facing rear Do.
duct exit 9 total 16(c), 29
3 static Do.
6 surface orifice Do.
inlet lips 71 -do=- table III, 45
right flank of cowl 31 -do~ Ld,

COMMITTEE FOR AERONAUTICS

NATIONAL ADVISORY
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TABLE V.~ -SUMMARY OF COMPARATIVE DATA PERTINENT TO THE

L-562

DEVELOPMENT OF THE ENGINE AND OIL-COOLER DUCTS. OX = 7,50,
Config- Ref, Test Type Flap or shutter o " a
uration Model Description fig. condi= of position A_P! AP, ACp REMARKS
tion exits | Engine 0il1 a q_—
cooler 2 °
Ib Same as Ta except that vertical _propel-
flame dampers were substituted 7 ler re-
for horizontal flame dampers moved | shutter| closed | open .- 0.49 -- -~
(See table I)
Ic ISame as Ib except that modified
0il cooler exit duct incorpor-
ating a vane and more gradual 12 ~do=- -de~ -do= ~do- - 38  |-0.0004 -~
exit fairing was installed.
Id Same as Ic except that vane was
removed from oil-cooler-exit =do~ -do- -do~ -do=- -do= - 40 - -
duct
Ie Same as Id except that cascade 12 -do= -do- | 0.48 41 - A
vanes were installed in oil=- =do- -do~
cooler inlet duct 13 open closed .69 .09 -- --
ITa Same as Te except that Piapped 15 closed open 49 .95 .0004
exits were substituted for 16 -do= flap open closed .90 20 .0020 A
shutter exits 12 =do- open B . -
IVa iSee table I normal-
- power flap open open 1.5 1.86 - -
climb
Vb Same as IVa except that exhaust
stack shrouds were removed 9 =-do- ~do=~ -do= -do=- 1.62 1.95 ——— B
e iSame as IVb except that vanes
were removed from engine-ecoling | 16(e)
air exit and accessory-compart- ~do- ~do~ ~do- =-do= 1.58 1.94 = c
ment exit gap at firewall was 17

8Increment of drag coefficient caused by the modification.

A - Modification adopted for all succeeding configurations,

B = Modification undesirable as air temperature was increased 8° F at the rear of the
and at the face of the oil cooler.

C = Vane removal is considered desirable as smallne
ness of exit. Accessory compartment exit-ga
creased 15° F by the modifications.

NATIONAL ADVISORY
* COMMITTEE FOR AERONAUTICS

engine vee, at the carburetor,

ss of decrease in pressure drop is attributed to increased effective-
p deal is undesirable as accessory compartment temperature was in-

*ON HW
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TABLE VI.- SUMMARY OF GENERATOR COOLING-PRESSURE DATA

Pressure Generator
Flap or |recovery |Downstream pressure drop
Location of Reference Operating condition a shutter at pressure T~ W - ;
blast-tube inlet figure (deg) | position generator r -p Bl
f-p, | =—=—2 | % |at flagnt
T do speed
9o (in. water)
propeller removed -1.5 cloged 0.71 0.46 0.25 S
-do- 755 -do- S .48 .25 se=s
At top of cowl inlet =
configuration Ia : 19 -do- -1.5 open .30 Sy .13 -
-do- 7-5 -do- .32 .18 s -——
-do- -1.5 cloged .61 .47 .14 ===
-do- 7-5 -do- .62 b7 .15 W
At right-rear wall of -do- -1.5 open .23 -.08 .27 =
pressure box, 8
configurations IIa and IIc -do- 7-5 -do- St -.08 .29 e
high speed at normal power | -1.5 cloged .66 .55 A2 1.89
maximum endurance cruise 3
at 30.6 percent normal power it e = 227 = £
climb at normal power 7.5 open .28 -.02 -30 1.71
propeller removed -1.5 cloged 57 -39 .18 ——
-do- 7.5 -do- .53 .39 L1l ===
-do- -1.5 open .25 -.09 .34 S
At rear wall of pregsure
box above carburetor- -do- 7.5 -do- .22 =210 .32 ————
duct inlet, == 4.98
configuration IIla high speed at normal power | -1.5 cloged 74 45 .29 -9
maximum endurance cruise 112 -do- 1.38 .65 .73 2.91
at 30.6 percent normal power
climb at normal power 7.5 open .58 —51p .70 k.00
At downgtream end of oil- propeller removed cloged .50 R .06 e
cooler inlet duct, 13 ———
configurations IVe climb at normal power 75 open .36 -.05 8L 2.34
and IVe

NATIONAL ADWSORY
COMMITTEE FOR AERONAUTICS
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TABLE VII

SUMMARY OF PROPELLER-INSTALIED PRESSURE DATA FOR FLIGET SIMULATION COXDITIONS

[ I
i Flap angle Engine duct 011-cooler duct Carburetor
Noas1| (tren (acs] Yo EA a, e R (BYOR Hi= P, B G gt duct e o
{ rom - o T - - - - DL = P. - - - - gt
Ent lcontig- |engine | Barfles s Yo | % | Fropy | FroPo  |Py-Po - B (M- BBy -0 By - o[ - oo B - 0o [F -0y T |
ey uration specifi- Engine | 011 |(ft/sec) (1b/sq ft) (deg) 9, L ES 9, q, C 9, 9, 9, q, q,
cations) cooler
s
High- ITa a !Convennonll (¢] 0 149 0.908 241 0.054 | -1.5|.0.51| 1.27 1.18 0.55 0.28 | 0.50 |1.27 |1.03 0.69 10.99 [1.36 |1.35 0.63 .2l
speed !
= e T R e e 0 w7 |0.951 | 24.2  [0.055 [ -1.5| 0.46| 1.32 [ 1.12 0.45 0.31 | 0.46 [1.28 [2.06 | 0.66 [1.03 |--== [==--. 0.67 p.22
:%f:; ITa 2 Conventionsl{ O o 149 0.908 23.9 0.059 | =1.5( 0.52| 1.38 1.20 0.53 0.28 | 0.50 [1.29 |1.04 0.64 |1.00 [1.40 ‘| 1.39 0.67 [0.25
e e TixbulentiIG o 146 |0.938| 23.7 |[0.063 | -1.5( 0.46] 1.35 | 1.1 0.46 0.30 | 0.43 [1.29 [1.07 [ 0.66 [1.03 [==n= [ ---- 0.68 [0.22
Maximum | TTc 148 Conventional| O (o] 129 0.908 17.9 0.134 | 11.2] 0.63 | 1.77 1.53 0.59 0.33 | 0.60 |1.66 |1.38 1.01 (1.39 [2.78 |1.77 0.94 [0.26
endurance— 1 2
erulse | 1114 | 18 LT o o 119 [0.900 | 15.0 [0.14111.2] 0.56] 1.99 1.65 0.65 A e S o o i e e s 1.00 [0.3€
TIc 500 Conventional| 27.7 | 30.6 156 0.900 25.9 0.258 | 7.5/ 0.98| 2.1} 1.53 -0.02 -0.47 [ -0.02 | 1.68 |o0.12 ---- 10.20 |2.05 |2.01 1.55 [1.80
o ITTa | 500 furbulent | 7.7 | 3006 | 158 {o.500| 2646 0.251| 7.5|0.85] 2.4 1.1 -0.12 -0.39 | -0.07 [ 1.66 |-0.26 [-0.28]0.21 | -==- | -=-- 1.5 [1.92
power e 5
va | 500 ¥ xed 27.7 | 30.6 | 157 [0.900| 26.5 [0.251( 7.5 0.9/ 2.18 {%%1.39‘ {gfgh RigbE) -0.lly | -0%05 | 1.61 [0.25 [-0.27(0.08 |=-=-- | ---- AL .;‘1.86_
[ TV 500 Mxed | 27.7 | 30.6 158 0.900 26.7 0.249 | 7.5|0.92| 2.17 |1.62|1.45 [-0.09]-0.06 =0.37 | <0.09 | 1.70 |-0.25 | =0.33 | 0.09 | ==-- | -=== [1,71[1.53]1.95
TVe 500 M1 xed 27.7 | 30.6 157 0.880 26.1 0.250 | 7.5)0.91 2.23 |1.62|1.43 [-0.0l]-0.06| «0.41 | -0.23 | 1.68 |-0.26 =0.32 | 0,07 [ ==== | =24« [1,66[1.49]|1.9]
it ITec 530 Conventional| 27.7 | 30.6 159 0.879 26.l 0.250 | 7.5(0.99 | 2,18 1.51 -0.07 -0.45 | -0.01 1.65A Eotelg s 0.15 | 2.1 | 2.08 1.58 |1.89
m — 2 ]
m;g:::ry 1118 | P508 Tortulent | 27.7 [30.6 [ 157 [o-oaa[ 268 0.233 | 7.5[0.86| 2.15 1.3 -0.11 -0.40 | -0i08 | 1,657 -0.25 [ -0.31] 028 | —==- | === 1.5 |1.90
l’ Tva | D522 ¥ xed 27.7 | 30.6 | 157 [o.911| 26.7 [0.240| 7.5(0.89] 2.16 1.55[1.37 -o.o'lfo.ol «0.43 | -0.06 | 1.45 [-0.22 | -0.30] 0.08 | =eee | =oee :..&E145 1.671

aSlmulation condition nower; T, was duplicated using a propeller blade angle of 22°.
lezhest power obtalnable with auxillery venturl in carburetor duct.
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TABLE VIII,.- ESTIMATIONS OF THE FLAP ANGLES AND

FLUSH EXIT AREAS REQUIRED FOR COOLING IN NAVY AIR

Assumed flight conditions

& Required

Required flap

Required flush exit

pressure drop angles, degrees area, sq ft
Nominal Horse- | Altitude Vo ® puto - rich P puto - lean Aute - rich Auto - lean Auto = rich Auto - lean
condition power | (feet) i;Lil_qg A_Eg. E Z_: AP de Se e S Axe A Aze Tit
!1 onr 90 90 90 L)
|
' Configuration IIc (Conventional baffles)
High- 550 0 192 0.39 0.53 0.53 0.53 0 8 0 8 0.16 0.155 0.31 0.16
speed 10,000 203 A2 W43 57 43 0 3 0 3 .16 . . .09
Climb 550 0 108 1.18 1.46 1.62 1.46 0 L 18 1 2 |4 eee- 1.30 d -
9,000 122 1.09 157 1.55 1.7 0 9 13 9 A7 | d eeem 1.0 4 -
Maximum- 153 1,500 9 SSss - 25 17 = == 0 0 ———— ———- €..10 .01
endurance
cruise
Configuration IIIa (Turbulent-flow baffles)
High- 550 o] 192 0.46 0.53 0.60 0.53 0 8 0 8 0,22 0.155 0.40 0.16
speed 10,000 203 .57 43 ol 43 0 3 2 3 . +0% .51 .09
Climb 550 0 108 1.42 1.46 1.84 1.46 3 u d-. L 59 | deee- d... =
9,000 122 1.49 1.17 1.89 117 6 9 d.- 9 75 —ene d== el
Maximum- 153 1,500 90 ———- -—— <39 17 -—- - 0 0 —— - ¢-.03 .01
endurance
cruise

& Obtained from cooling predictions in reference 1.

b Carburetor mixture settings.

¢ Negative exit area indicates that leakage through cowl joints is
sufficient to cool engine.

4 Value of AP /ao is too far above test range to permit extrapolation.
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T-362

TABLE IX .- SUMMARY OF PROPELLER-REMOVED DRAG DATA.

MR No.

L6I12b

(Measured at a Reynolds number of 5.3 X ].O6 baged on the mean aerodynamic chord)

a
A
Succesgsive modifications to model Config- [Illus- %
uration |trative [a = -1.5° | a = 3° g = 7.5° di=17/22
figures | (High- (climb (Max. endur-|
speed attitude) lance crulse
attitude) attitude)
Model dompletely sealed and faired (conventional
baffles on cylinders) s 2(a) — ——— -—— -——
Inlet opened and seals removed from engine- 3(a)
cooling-air exits (shutter type) - 16(a) 0.0008 0.0009 |0.0010 0.0011
Seals removed from oil-cooler exit (shutter
type) == 16(a) .0000 .0000 .0001 .0002
Exhaust stacks with horizontal flame dampers
installed Ia 8(a) .0015 .0009 .0007 .0005
Exhaust stacks with vertical flame dampers
ingtalled Is 8(b) -.0008 -.0003 -.0002 .0000
Seals between exhaust stacks and shrouds removed == 9 .0002 .0001 .0000 .0000
Seals removed from external pre‘ssure—box Joints -— 8(a) .0001 .0001 .0000 .0000
Seals removed from external cowl Joints except
at spinner, firewall, and edgesof shutters == 2(a) .0002 .0001 .0001 .0001
Seal between cowl and firewall removed -— 16(b), 17| .0002 .0002 .0001 .0001
Fairing strip removed from firewall clearance -— 17 .0006 .0006 .0005 .0004
O1l-cooler-exit shutter opened (Seals
removed from edges) - 15 . 0004 .0004 .0005 000k
Modified oil-cooler-exit duct installed
with shutter open Ic 12 -.0003 -.0003| -.0004 -.0004
Vane removed from oill-cooler-exit duct, vanes
installed in oll-cooler-inlet duct, seals
removed from edges of engine-air snutters,
oil-cooier snutter closed Ie 12, 13 .0004 .0002 .0001 .0001
All shutters opened Ie 15 .0017 .0018 .0016 .0014
Flapped e xits installed (flaps closed) Ila 16(b) -.0007 -.0006 |-.0003 -.0003
All flaps opened IIa 16(¢ .00 .0046 .00l45 .00u45
Flush exhaust stacks installed, flaps closed IIb 7 -.000% -.000% |-.0003 -.0003
Model restored to original condition, turbulent- 2(a), 5,
flow baffles installed on cylinders - 6 v s IS Ll
Inlet opened, all seals removed except at
gpinner and exhaust stacks, firewall fairing
strip removed -- 9y 17, .0023 .0019 .0019 .0021
Short exhaust stacks installed, shroud seals
removed IIla 8(c) .0006 .0006 .0006 .0006
IAll flaps opened IIIa 16(c) . ookl .00u2 .0039 .0039
NACA-deslgned diffuser baffles installed on left
bank cylinders, exhaust-stack shrouds sealed, 6(a),
flaps closed IVa 6(e) -.0006 -.0004 [-.000L -.0004
|A11 flaps opened IVa 16(c) .00k46 .00kY .0043 L0043
Mocked-up individual stacks with horizontal 8 .
flame dampers installed, flaps cloged IVe (d) .0017 .0017 .0017 .0015
Exhaust stacks with vertical flame dampers
ingtalled Iva 7, 8(b) -.001Y4 -.001% [-.0015 -.0013

& Non-indented values are the drag coefficlent increments between successive non-indented model conditions.
Indented values are based on the respective preceding model conditions.
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Cross-sectional) orec at
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(a)

Side view; sealed and faired condition.

Figure 2.- General views of model,
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(b)

Side view of configuration Ib; shutter exits and vertical-flame-damping exhaust
stacks installed.

Figure 2.- Continued.
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(c) Front view; propeller installed.

Figure 2.- Concluded.

No. L5I12b







MR No. L5I12b

As tested in configurations IVa and IVc.

(a)

Engine and inlet duct.

Figure 3.-
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Inboard

pr=p Vg =J':JJ %HE

T)',o/ca/ pressure tube /nsfa//ahon

PN e I - SR SRR e

—D —

b | i ] WRR § ERENER , il
0 = 5 ok
CONT/ON e ' I /5 ;pl B\ “ Al |
,/—>/ ”‘3 1 (C%‘ ‘ o "> .' /(\\\/' |: (\
(QYLYR) ielieliel
/ntake port
@ Cornventional baffles. b)) Turbulent -Flow baffles. (c) NACA-designed baffles.

) ‘ NATIONAL ADVISORY
Figure 5 .— Typical baffle and pressure tube installations. COMMITTEE FOR AERONAUTICS

Linear dimensions in inches-
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MR No. L5I12b

(a) Conventional baffles (installed on outboard side of cylinder only).

Figure 6.- Baffle installations.







Turbulent-flow baffles, inboard view.

b)

(

Figure 6.- Continued.
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(d)

NACA -designed diffuser baffles, inboard view.

Continued.

Figure 6. -
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MR No. L5I12b

L-562

Manifolded vertical-flame -
damping exhaust stacks

Manifolded horizontal-flame -
damping exhaust stacks
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Manifolded t Manifolded /
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Individual exhaust stacks with COMMITTEE FOR AERONAUTICS
horizontal flame dampers

FIGURE 7.— EXHAUST STACK CONFIGURATIONS







NACA

LMAL 388

(a) Manifolded horizontal-flame-damping exhaust stacks.

Figure 8.- Exhaust stack details.
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, Fivot for
hol-air door

(b)

Manifolded vertical-flame-damping exhaust stacks.

Figure 8.- Continued.
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NACA 39411 LMAL

(d) Mocked-up individual exhaust stacks with horizontal flame dampers.

Figure 8.- Concluded,
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Shroud

Exhaust stack

Boot

/—/45bé.57"0.5 gajkef

FRemovable
plasticine seal
used durir g NATIONAL ADVISORY

drag Jests: COMMITTEE FOR AERONAUTICS

Figure 9. —Details of exhaust-stack-shroud exit.
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L-562

NACA
LMAL 39124
.

NACA
LMAL 39123

(a) Mild-steel stacks.

3 2 .

- —— il W
NACA

LMAL 39432

NACA
LMAL 39436

(b) Stainless-steel stacks; flame dampers stiffensd with beads and
braced by cross struts.

Figure 10.- Views of vertical flame dampers which failed during testing.







L=-562

Figure 11,-

NACA
LMAL 382!

View of rear face of oil cooler.
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Oil cooler installation Qil cooler inlet duct

~Firewal

l ;2R ;/

Original duct for shutter exit Modified duct for shutter exit Duct for flap exit

FIGURE 12.-0IL-COOLER DUCT CONFIGURATIONS NATIONAL ADVISORY
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MR No. L5I12b

Generator bl/ast
lrvbe For conrrg-
vrations IV c and J¥e

25 Vane installation
notes: Spacing
uniform across
duct 3 axes or
curvalvre /n
plane ofr inter-
secl/or of
ducting; leading

edges aligred

Wit hil axls- of

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Figqure 13.- Oil-cooler-inlet duc?
showing vanes arnd
generator-blast-fube
/nlet.

vpstream ducting.
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MR No. L5I12b

Shutter exits

(Configuration Ia)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(Configuration IIc)

FIGURE 15.- COOLING-AIR-EXIT CONFIGURATIONS







CONFIDENTIAL

(a) Closed shutter exits.

Figure 16.- Cooling-air exits.
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LANGLEY MEMORIAL ABRONAUTICAL "ASCPATORY - LANGLEY FIELD, VA,
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Cow/ 5/(/'f77

FPemovable NACA
fa/'r/nq Strip used \_¥F e wol/
N a’rag Jests:
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Figure I7.- Details of accessory - compartment
exit gap ar Ffirewall
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MR No. L5I12b
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Generator blast-tube inlet at top of

cowl inlet; configuration Ia.

Figure 19,.-
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NACA LMAL

39858

Figure 20.~ Setup for air-flow calibration of engine, oil cooler, and cowl leakage areas.
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Engme Coolng A Farts 0 Engine Cooling Air £xjifs

Inside oF qs_see fa sk e f:,w/b/j 5 Z"";". 2% 7o as seen from Ipnside
o ap 41, lap #1, . ]

g *p/ 7op oF cowling looking qf# e @ p; -, p; 2 of cowling looking aft
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Ol=-15°% 8e=0° & =0° o=75°,8q =2727° 5.230.6°
(@ Inlet and engine- cooling-air exits, NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Fiqure 29. - Typical pressure distributions 7 internal flow system for
propeller — removed condition. Configuration IIa. All views ore
from  points upstream with respect To cooling air flow wnl/ess otherwse noted,
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F/’gure 29 .- Continued.
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Figure 30 .- ;'/vplco/ pressure  disfributions in internol Fflow sysfem for rwo
light - simulation conditions. 47/ views are From = points upstream
with respect to cooling oir flow wnless o’her wise rorted,
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Figure 30.-Cont/nued.
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(@) OC =-4.5

Figure 45 .- Surface pressure distributions at
cowl inlket. - -Propeller removed.
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Figure 47 .- Effect of propeller operation
on surface pressures at cowl inlet.
oC =-1.5°. B=22°% shutters closed.
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