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MTIORANDUM REPORT

Forit the
Army Ailr Forces, Materiel Command
COWLING AND COOLING TESTS OF A FLEETWINGS
MODEL 33 ATRPLANE IN FLIGHT

By Herman H. Ellerbrock, Jr. and Herbert A. Wilson, Jr.
SUMMARY

The cooling of a Franklin 6-AC=-298 horizontally
opposed cylinder air-cooled engine installed in a
Fleetwings model 33 trainer has been investigated in
flight at the request of the Army Alr Forcés, Materiel
Command. The present repcrt was written in response to
several inquiries as to the cooling characteristics of
this type of engine.

The cowling on the airplane as received did not
provide satisfactory cooling. The cowling was altered
in several steps and cylinder baffles installed in an
effort to improve the cooling of the engine and tests
were conducted over & wide range of engine, alrplane,
an@ ‘¢¢oling conditions from sea level to 10,000 feet
altitude, Cround, climb, and level=flight tests were
made. A complete description of the cowling and baffle
alterations is given in the report,.

The results of the tests showed that with the
cowling inlet relocated as in the new design behind the
ac¢tive vart of the propeller the highest total pressure
in the inlet was about 0.8q, greater than that in the
free stream, Available pressure differences across the
cowling, total pressure at the cowling inlet minus
static pressure at the cowling exit of 2.1q, with a
30° filap angle and 1.8qy with a flap angle of 0°,
were obtained at high values of propeller-power coeffi-
cient, At low values of propsller-power coefficient
these values decreased to 1.8 and 1.5, respectively.
The loss in total pressure from the cowling inlet to
the upstream face of the engine was roughly 0.2q, and
the loss from the downstream side of the engine to the



cowling exit was negligible. Cooling was shown to be
adequate in level flight and probably adequate in climb
and on the ground. Nc definite conclusion could be made
for the latter two conditions because the tests were
terminated dve to unsatisfactory engine operation and

the data were therefore limited., The cooling-pressure
drops were as high as could be obtained without auxiliary
boosting such as use of a fan. Further improvement in
cooling of the subject power-plant installation requires
some means cther than cowling design.

INTRCDUCTION

The cooling of a Franklin 6-AC=298 horizontally
opposed cylinder air-cooled engine installed in a
Fleetwings model 33 trainer was investigated in flight
at the Langley Memorial Aerondatlcql Laboratory during
November and December 19,1, This 1nvest1gatlon was
undertaken at the request cf the Army Air Forces,
Materiel Command. Due to higher priority of other
work no final report was written of the results at the
completion of the tests. The present report has bsen
written in response to several recent inquiries as %o
the cooling characteristics of this type of engine and
installation,

The originsl cowling for the 6-AC-298 engine in
the Fleetwings alirpleane using inlets above the center
line of the cylinders, having no baffles, and dis-
charging the air from below the c¢ylinders through side
and bottom outlets was reported by the contractor as
providing unsatisfactory coollng. The type of cowling
used in the original Fleetwings installation is unsatis-
factory from an aerodynamic standpoint. The inlet-air
passages are small and the high~wlocity flow undoubfedly
causes high pressure losses. The unbaffled spaces
between cylinders allcw a large flow of air that
acvorplishes no cooling and the air that does flow
through the fin passages separates from the cvllnder at
the 31deu and fails to reach the downstream side of the
cylinder, The ram that can be obtained in the inlets
as originally located is also much lower than can be
obtained with a single inlet below the precpeller-thrust
axis and behind a more active part of the propeller
blades.
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The object of this report is to describe a new
cowling and cylinder baffles designed and constructed
under the direction of the NACA with the objsct of
obtaining the maximum possible cooling and to present
results of flight tests made to determine the cooling
obtained, The flight tests were conducted by personnel
of the Fleetwings company under the direction of
Mr, Carl DeGanahl. Tests were made over & large range
of engine and flight conditions from altitudes of
1000 to 10,000 feet. The instrumentation used to obtaln
the data was limited due to the size of the airplane
and the time available for the testing. Although the
Instrumentation is not considered adequate for obtaining
the best results for cooling tests, the results are
congidered satisfactory from the standpoint of providing
an ald to designers of airplanesusing this type of engine.

SYMBOLS
A flow area at various stations feet2
; A

-\
a velocity of sound in sair (h9.2\/Ta + th}, feet

per second

& a constant
D propeller diameter, feet
d engine-plston displacement, inches®

L " Lo

w2 | m
Fa compressibility factor, 1 4 = + e

g acceleration due to gravity, feet per second per
second :

H total pressure, pounds per foot2 or inches of water

Ip indicated horsepower of engine at temperature, Tg

a

I60 incdicated horsepower of engline at temperature
of 60° F

X a constant

M Mach number, V/a



n

n!

e

AH

8 constant

engine speed, rpm

a constant

brake power of engine, foot-pounds ver second
3 &3 Aac

propeller-powsr coefficient P/poVO D

i |
static pressure, pounds per foot<

back pressure on engine, inches of mercury absolute

manifcld pressure, inches of mercury absolute
dynamic pressure, pounds per foot®

indicated dynamic pressure, pounds per foote
propeller thrust, pounds

ccoling-air and carburetor-air temperature, Op
average cylinder-barrel temperature of engine, °F
thrust coefficlent (T/pOVOEDZ)

effective-gas temperature, °F

effective-gas temperature at 0° F carburetor-alr
temperature, °OF

average cylinder-head temperature of engine, o
c¢ylinder-wall temperature, B
velocity, feet per second

weight of cooling air flowing over engine, pounds
per hour

a constant

cooling-air pressure drop across cylinder heads

or cylinder barrels of engine, inches of water,

(Ha L qa)
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temperature rise of cooling air across engine, op
eangle of attack of airplane

denotes increment

propeller efficiency (TV,/P)

density of eccoling air, slugs per cubilc foot

standard air density, slugs per cubic foot
{0,002373)

mean density of alr hetween stations 1 and 2,
slugs per cuble foot

mean densityv of sir hetween stations 2 and 3,
slugs per cubic foot

mean density of air between stations 3 and l,
slugs per eubic foot

Cp (92/93)

Imep
fhp

friction mean effective pressure, pounds per inch2

friction horsepower

Subsicriptas

O

U ET W N ol

free-stream condition

gtgtion at duect or cowling entrance
station at face of engine See figure 16
station at rear of engine positions.

station at flap hinge

gbation at” flap exit y

These subscrivts are used to define H, p, A, q,

and o at the various stations in the duct system.

r for sbation



ATIRPLANE ALTERATIONS

Cowling and Installation Changes

The detalls of the original and redesigned power-
plant installations are summarized in table I. Fig-
ures 1 and 2 show the airplane, which 1s a low-wing
two=-place monoplane with the original cowling and power-
plant installation. The airplane was equipped with wing
flaps and a two-blade fixed-pitch propeller,
cesign 76FA5M. The power vlant was a Franklin hori-
zontally oppossed six-cylinder 6-AC=-298 unsupercharged
air-cooled engine rated 130 brake horsepower at 2550 rpm
at sea level with a manifold pressure of 29.92 inches
of mercury and a carburetor-air temperature of 60°. 7.
The compression ratio, bore, and stroke of the engine
ere 7:1, /1.25 inches, and 3.5 inches, respectively. The
airplane was equipped with dual Eismann ignition and
with two Marvel carburetors. The carburetors were
equipnned with manual mixture control,

In the original installation, configuration A of
table I, the cooling air entered two small openings in
the nose of the cowling behind the blade shanks (see
figs. 1 and 2), passed ovar the cylinders from top to
bottom, and then out openings at the sides and bottom of
the cowling below the engine. The reservoir between
the tops of the cylinders and the top surface of the
cowling was not very large and there was a chance of
having some velocity head in this space which would
cause poor cooling-pressure distribution from cylinder
to cylinder. The space between the bottom of the
cylinders and the bottom surface of the cowling was
crowded with engine accessories, carburetor heating
ducts, and two oil coolers which interfered with the
passage of the ccoling air from the cowling. Further
details of configuration A are given in table T.

The first step in improving the cooling of the
engine was to redesign the cowling. The altered
cowling, as shown in diagrammatic form in figure 3,
was designed at this Laboratory in cooperation with
representatives of the Fleetwings Company to take the
cooling air and carburetor air in one large opening in
the lower half of the cowling nose and discharge the
cooling air at the top rear of the cowl skirt. This
type of top cutlet was considered satisfactory on
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this particular power-plant installation as it was being
developed for a pilotless airplane, For a normal
arrangement outlets should be carried around to the
sides of the cowling to avoid oil from the engine
impairing the pilot!'s vision through the windshield.

The direction of air low across the engine was reversed,
a8 compared to the original installation, because the
Space below the engine was much larger than that above
the engine thus forming a large pressure chamber below
the engins in which the velocity of the air was small,
The pressure distribution across the cylinders would
therefors be more uniform that if the sir was discharged
from a small space as in the original installation. The
inlet opening was located as low as possible in the
cowling nose in order to take advantage of a possible
increase in front »nressure due to the opening being behind
the airfoil section of the propeller Views of the
cowling outline for configuration A (see table I) and
the inlet are shown in figure i and a close-up of the
inlet In Tigure 5. A close -up view of the compartment
below the engine with the new installation is given in
figure 6,

The size of the inlet opening was determined from
the estimated quantity of cooling air and carburetor
alir required by an engine of a little greater horse-
power than the rsted power of the engine in the alrplane,
because of possible future increases in power, and the
cooling air required by the oil coolers at 12,000 feet
altitude. The design was based on the assumption that
the velocity In the inlet would be limited to one-half
the velocity of the airplane at that altitude. This
gave an area of 115 square inches., The size of the
cowling exit for adeqrate cooling could not be determined
accurately because the cooling characteristics of the
engine were unknown. For this reason three sizes of
exit opening were tested: ULl (configuration B),
75 (econfigurations ¢, D, E, F, and G), and 135 (con-
figuration H) square inches., Configuration H also
included a fixed flap (figs. 3 and 7) set at a 300 angle
to the cowling surface. Extreme care was taken to seal
the compartment below the engine from that above the
engine .

In addition to altering the cowling the o0il coolers
below the engine were replaced with & single large cooler
slung below the fuselage Iust aft of the cowling skirt.
Although the o0il cooler 1s an important part ot a power-
plant installation, the present tests only involved the



cooling of the engine itself, ' The coocler installation
was only a temporary means of cooling the oil during the
testa. Other clean-up of the space below the engine was
made including the installation of a new carburetor duct
system as shewn in figures 3 and 6. The new carburetor
duct system was arranged such that cold air or hot air
could be taken into the esngine by opsrating a linkage C
(fig. 3) which held eilther free-swinging door A or B
shut. (Cold air was taken In a duct at the inlet opening
of the cowling. (See figs. 3, 5, and 6.) The hot air
was obtained by connecting ducts to shrouds around the
exhaust pipes (figs. 3 and 6), the inlets to the shrouds
being open to the chamber below the engine. The duect
svstem was equinped with a backfire arrangement such
that when a backfire occurred the free-swinging doors A
and B would close against door stops and a backfire

door E (fig. 3) would open. The use of this system
cleaned up the space below ‘the engine appreciably.

Cylinder Bafrfles

The engine was not equipped with cylinder baffles
in the original installation (configuration A, table I).
A set of baffles was made, ss shown in figure 8 and
diagrammatically in figures % and 9, which fitted tight
against the fin tips at the rear of the cylinders, the
space between the cylinders being closed to the passage
praaleiby- Cher baffless he exit area of the baffles was
made 1.6 times the free-flow areaz between the fins.
These baffles were used with all of the altered cowling
configurations. Several baffle modifications were
tested based on the results of the tests with the
cylinder baffles. These modifications included spark-
plug baffles, a blast tube, and baffle duects. The spark-~
plug baffles were plates placed over the large cut-outs
around. the spark plugs in the original cylinder baffles
(fig. 10(a)), the idea being to keep high-velocity air
in conbtact with the cylinder for a greater distance
around the cylinder. The blast tube directed cold air
on to the spark plug. The baffle duets (fig. 10(b))
carried alr direct from the pressure chamber below the
engine to the hot sides of the cylinder heads. Further
details as on what cylinders the baffle modifications
were used and with what cowling configuration are given
in tabls! T;
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COOLING TESTS

Instrumentation

Temperatures of the cylinders were measured by
36 thermocouples located as shown in the sketch on
figure 11. Six of the thermocouples were gasket-type
thermocouples uncder the spark-plug flange, six were
embedded thermocouples in the barrel flanges, and the
other 2l were smbeddcd or spot-weélded thermocouples
evenly distributed over the front and rear of the barrels
and heads of the cylinders. Two sets of three thermo-
couples, each set connected in series, were used to
measure the temperature of the cooling air issuing from
the baffles, one set on each side of the engine. Each
thermocouple of a set was located directly behind a
cvlinder as shown in figure 8. A thermocouple was
located on the antenna strut shown in figure li. The
temperature recorded hy this thermocouple was used for
the inlet~cowling alir and the carburetor-air temperatures.
A thermocouple was placed in the carburetor duct but the
temperature recorded was so0 close to the antenna-strut
temperature that the latter was used for the carburetor
temperature as noted. Thermocouples were also used to
record the temperatures of the magnetos, accessory com-
partment, a three-way gasoline-distribution valve in
the accessory compartment, a gasoline strainer, and the
cil pump in order to insure safe operation. The three-
way valve and strainer temperatures were obtained because
there was some gquestion as to whether vapor lock was
present at times in the gasoline line, The thermocouples
were made oI iron-constantan wire and were led back to
the rear cockpit where they were connected through
selector switches to a millivoltmeter shown in figure 12.
The temperature of the rear cockpit was used for the
cold-junction temperature and was measured with a liquid-
in-glass thermometer, (See fig. 12.) 0il-in and oil-out
temperatures of the engine were obtained with resistance-
type bulbs connected to millivoltmeters in the front and
rear cockplts.

A schematic layout of the locations of the pressure
tubes placed on the airplane is shown in figure 13,
Rakes of total- and static-pressure tubes as shown in
figure 5 were used to obtain the pressures in the cowling
inlet., Two rakes of tubes were used to obtain the pres-
sures in the exit slot of the cowling. (See figs. 7(b)
and 8.,) Front-baffle pressures and rear-baffle pressures
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were measured with totail pressure tubes located in the
manner shown in figures © and 9. Although the rear-
baffle pressure was obtained with an open-end tube, the
velocity head at the point of measurement was negligible
and for that reason rear-baffle pressures have been
designated in figure 13 with an x, which denotes static
pressure. The tubes were led back to the rear cockpit
to a junction board shown in figurs 12.

In addition to these measuvrements instruments were
provided as shown in figure 12 for obtaining the altitude,
engine speed, oil pressure, airspeed, manifold pressure,
and fuel-air ratio.

Reduction of Data

Engine-cooling characteristics.- A relation between
cvlinder temperatures and engine and cooling conditions
from which the cooling characteristics of an engine can
be determined with & minimum amount of testing has been
derived in reference l. Ry use of this relation the
otherwise necessary but unattainable requirement of exact
duplication of all cooling conditions in successive com-
paratlve flight tests is avoided and the results can be
presented in a general form from which performance can be
estimated for conditions not actually flown. This rela-
tion is given below,

P 2 () nft
X & "
e b % 7. otba b

(1) ’

Tg 3 (GEAH)m
where
T.. cylinder-wall temperature, °F
i cooling-air temperature, °OF
Tg effective gas temperature, Op
K,m,n' constants
i indicated horsepower of engine .
AH cnoling-air pressure drop &across heads or barrels

of engine, inches of water (Hp - Hz)
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o Hy total pressure at front of heads or barrels of
engine, inches of water

H5 total pressure at rear of heads or barrels of
engine, inches of water

L=0,2

| A 02 ratio of density of air at front of heads or
barrels of engine to standard density pg/ps)

Po density of air at front of heads or barrels of
engine, slugs per foot”/

B standard density, slugs per foot” (0.002578)

\

\

l

|

\

\

| Relations like equation (1) can be set up for the

| aversge of all head temperatures of all cylinders (in

| which case Ty = Ty), the average of all barrel tempera-

| tureas of all cylinders (T = Tp), and the temperature

\ of each individual point‘o% each’ cylinder. ULimiting

\ temperatures were prescribed for the rear-spark-plug

| gasket and the cylinder-bass flange., Therefore, rela-

\ tions between thes tempsratures at these points and the
cooling and ergine conditions were required to determine

| if the cooling was satisfactory for specific conditions,

| To facilitate the analwvsis of ths data relations like

\ equation (1) were estah®lished between the cooling and

B - engine conditions and Ty and Ty, Then curves of Ty

| nlotted asgainst the spark-plug-gasket temperature of each

\ cylinder and Ty, wvnlotted against the cylinder-base

\ flange temperature of each cylinder were constructed to

\ establish the relations between the average and the

\ individuel temperatures. Previous tests on other engines

| had shown that definite relations existed between the

| average and the individual temperatures.

\

\

|

\

\

|

\

|

\

f

|

In order to establish the relztions between average
head and barrel temperatures and the cooling and engine
conditions, tests were conducted in which I was the
only variable, and the expongnt n! ,was obtaiped by
plotting (T, - Ta)/?"rg - T,) end (T - Ta)/ Tg = Tp)
versus I on logarithmic coordinate paper. Then from
tests where both O,AH and I were varied the

constants XK and m _were obtained by plotting
n' /(. : n' /

€ - ™)1 /(h - 7a) &nd (75 - )T ATp - Ty

versus OpAH on logarithmic coordinate paper., S

SR lines resulted for both of the foregoing plots.

traight
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Tests have shown (reference 1) that n'/m 1is ;

arproximately 2 for a number of cylinders and equa-
tion (1) can be written in the form

T = TR 2
H"“f(ol > i
g" °x gu

and the data for an engine can be plotted on logarithmic
coordinates according to this equation and a straight
line will result. The symbol £ denotes "function of."
If the value of n'!'/m is not close to 2, the data can
stl1ll be presented in the form of equation (2) by
substituting n'/m for the exponent 2 in that eguation.

In the present tests the indicated horsepower was
obtained from figure 1l knowing the carburetor-air
temperature, engine speed, manifold pressure, and back
pressure on the engine (obtained from the altimeter
reading and standard atmospheric tableg reference 2).
The indicated horsepower for a given pp, Pp, and N
gt 60° F carbureitor-air temperature is obtained from
the curves at the top of figure 1l and then the indi-
cated horsepower at the temperature of the test is
obtained by means of the correction curve at the bottom
of figure 1L. The curves of figure 1l were calculated
from calibration curves of the manufacturer by a method
which is unpublished. The effective gas temperature for
an unsupercharged engine varies with fuel-air ratio,
spark setting, carburetor-air ftemperature, compression
ratio, and exhaust pressure. The principal variatlion
occurs when fuel-alr ratio and carburetor-zir temperature
are varied., The variation with carbuyretor-air tempera-
ture has been approximated by the following equation
derived from tests given in reference 1:

= (e Z
Tg = Tg, * atilltg (3)
where
T effective gas temperature at 0° ¥ carburetor-air
go temperature, °F
Ty carburetor-alr temperature, °F (equals cooling- s

air temperature in present tests)
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Tests of several cylinders (references 1 and 3) have
shown that Tg at a fuel-air ratio of 0.08 is approxi-

mately 536° F %or the barrels and 1086° F for the heads
of the cylinders. These values were assumed applicable
to the Franklin 6-4C-298 engine. 1In establishing equa-
tions like egquations (1) and (2) for this engine, Tgo

at fuel-air ratios different than 0,08 was obtained
from the curves of figure 15, which were obtained from
reference )y because wlth the carburetor provided with
the engine the fuel-air ratio could not be varied over
a wide enough range to establish a curve like figure 15.

The above equations are applicable when equilibrium
temperatures are obtalned. For the case where equilib-
rium temperatures are not obtained, as in a fast climb,
the relation between cylinder temperatures and flight
conditions can be obtdained by methods given in refer-
ence 3, Insufficient data, however, were obtained in
the present tests for satisfactory application of these
me thods and therefore the actual temperatures obtained
during the climb test were plotted agalinst the altitude
for specific test condltions,

Cowling characterlistics.~ The object of the following
analysis 1Is to obtain cowling characteristics from which
it 1s possible to determine the weight of cooling air
flowing snd thus the cooling characteristics of the
engine, from the pressure available across the cowling
for given cowling-exit areas, cowling-flap angles,
engine conditions, and flight conditions or to determine
the exit area needed for cooling when the engine and
flight conditions, flap angle, and weight of cooling
air are known,

The relation between the total pressure loss through
the cowling and the sum of the losses of the duct elements
may be represented bv the following equation:

- + -+ +




where

H total pressure, pounds per square foot

P static pressure, pounds per square foot

q dynamic pressure, pounds per squere foot (%pV%)

de indicated dynamic pressure, pounds per sguare foot
ek e

Fe compressibility factor 1+ Tf + HB ke S

M Mach number (V/a)

v velocity of air, feet per second

a velocity of sound in air (h9.2\/Ta + Eéo), fect

per second
0

Ta' 2ir temperature, F
Subscripts:

o} free-stream condition

| staticn at duct entrance
s station at face of engine
3 station at rear of engine
I station at flap hinge

5 station at flap exit

The sgation positions are shown in the sketch in fig-
ure 16,

The flow losses through any part of the duct system
can be approximated by the following equation provided
the cowling geometry does not change:

wr
iH .8 O e
5 (5)
where
o) average density of the air for the pagt of the
system in question, slugs per foot




~6%2

15

b an exponent whose value 1s near two

C a constant

w weight of air nassing through the system, pounds
per hour

For low speeds, low altitudes, and small heat inputs

p 1n equation (5) is approximately equal to p, and q,
can be used in place of g5, with little error., For
such conditions and substituting aporopriate values for
the constant in equat'on (5) for each part of the system
equation (li) can be approximated by the following
equation:

Ho = 9 e W c >y
Oqo 2 Oqo l-r(%l_z ¥ OgLg W 0g ) ¥ O Xii Zﬂi_
5 P00
R
(6)
where
W weiﬁht of air passing through cowling, pounds per
our

constants associated with pressure losses

Cq_5sC,_zs etc.
e from stations 1 to 2, 2 teo 3, ete.

a constant assoclated with the dynamic pressure in

B the cowling exit
A5 flow area at flap exit, square feet
X a constant

Although the dynamic pressure at the exit varies as
(W/Az )2, the assumption was made that it varled as
(W/As)x as x 1s close to 2 as mentioned previously.
Then from equation (o)

N\

Hl -p5 e Cl—2 1 C2_5 = CZ")-# <k C)-l~-5 + 05"> Li{- (7)
o}

Ag
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On the basis of the foregoing assumptions, the
pressure loss across the engine is:

AH = Hp - Hy
T g (8)

Equation (8) is a basic eguation giving the relation of
the cooling-air-flow rate anddensity to the loss in total
pressure across the englne.

The ratio of the loss in total pressure across the
engine to the difference between the total pressure at
the cowling inlet and the static pressure at the cowling
exit is obtained by 4’ viding equation (8) by equation (7).
85

Hy = Hz Co-3
Hl ik :D;)—

il
Oy * Ca.3 *+ Qs + Q)5 + e
5

s (AS) (9)

it}

The symbol ¥ denotes "function of." The pressure-drop
ratio of equation (9) depends only on the exit area.
When the variation 1s known it is possible to predict
(Bo - Hz) for given values of Hy and p..

With the propeller removed and with a good inlet
there is usvally no loss between stations O and 1 due

to external expansion of the air or H. - H is about
L 0 1

equal to zero, If a propeller having airfoll shank
sectlons 1is operating in front of the cowling inlet,

the inlet pressure Hy may be greater or less than HO

by an amount depending on the thrust loading of the
propeller, the angle of attack a of the airplane, and
the location and shape of the inlet. The relation between
the free-stream and inlet-total pressures for a given
inlet may be exnressed bv the following equation:

= (P, 8] (10)
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T,  thrust coefficlent (T/p,V,2D?)

s propeller thrust, pounds

0! propeller efficiency (TVy/P)

iz brake power of engine, foot-pounds per second
Vo airplane speed, feet per sccond

D propeller diameter, feet

Po density of air in free stream, slugs per foot3
a angle of attack of airplane

7] denotes "function of"

For a limitsd range of flight conditions and with

a fixed pitch propeller, the propeller=-power coefficient,
Peo (= P/bOV05D2) is approximately proportional to Tg.
FPor these conditions and beﬁause of the fact that for

5 is practically insensi-
o}
tive to a, the loss or gain of total pressure from
the free stream to the inlet may be approximately
determined by means of the following equation:

this type of cowling -2

2 = g (P,) (11)

The symbol @' denotes function of P, and is different
from the @ wused in equation (10). Equation (11) may
be used to predict the cowling=-inlet pressure for condl-
tions of power, airspeed, and altitude other than those
for which the tests were made.

It has been shown (reference 5 and other refer-
ences not mentioned herein) that, for a given angle of

Hy = p
attack, —4%5——11 depends malinly on the cowl-flap
o}

setting and the local slipstream velocity. The
effects of the slipstream have been ignored since the
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tests were not sufficiently complete to 1solate them and
the following expression has been used to correlate the
outlet prsssures:

H a0
_9_q_.___i = £ (flap angle) {12}
3]

Thus, from a determination of the variation of
(Hy - p5)/qO wlth flap angle for each angle of attack,

the pressure p. can be obtained for any flight
condition, e

Summing up: equation (8) gives the cooling-air
flow in terms of air density end pressure drop across
the engine; equation (9) gives the ratio of the pressure
drop across the engine to the dirfference between the
cowling-inlet total pressure and exit-static pressure
as a function of exit area; equation (11) gives the
relation of inlst-total pressure to the propeller-
power coefficisnt and fres-stream conditions; and equa-
tion (12) gives the exit-atatic pressure asg a function
of exit-flap angle and free-stream conditions.

On the basis of the foregol ig analysis, the aero-
dynamic results of the installation were reduced to
ﬁlots of the following form:

0, (H2 - H5) versus W (logarithmically)

Hy - H
—%-——2 versus A5
Tttt 1 TS PENS PC
95
HO - Dr

—~a—~44 versus flap angle
0

In determlning the foregoing relations from the test
data the weight of air W was determined from the

tests with configuration A using the data obtained at
the cowling exit with the pressure rakes and the thermo-
couples behind the engine. The curve of O, (Hp - HB)
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versus ‘W establisked was used to determine the weights
of air for all other exit areas from the pressure-drop
data across the engine. Such a procedure was used
because the rakes spanned only part of the cowling exit
when the large exit areas were tested., No flap was
used with the Ll- and 75-square-inch-cowling exlt areas
and the pressures recorded in the exit were the pres-
sures pg according to the symbolization of this
report. “In the tests with the 1l35=square-inch exlt the
rakes were placed approximately at station L and the
pressures pg Wwere calculated from the measured pres-
sures assumihg H5 equals Hu.

The density pp instead of p  was used to

establish the relation between W and (Hz ~ Hz) to
correct for small changes in density that occurred
between station O and 2. Use of p, iInstead of pq
for determining this relation is more rigorous and
involved no complication in the relation. Such usage,
however, in the other aerodynamic relations would have
complicated them unduly.

The brake power used in determining P, was
calculated by subtracting the friction horsepower
from the indicated horsepower, The method of
obtaining the indicated horsepower has8 been given in
the cooling analysis. The friction horsepower was
calculated from the egquation

fmep X 4 X N (1%)
25,000 X 2% 12 :

hp =

The fmep was obtained from the curves of figure 17 for
the manifold pressure, back pressure, and engine speed
of each test. The method of obtaining fmep from the
curves is self-evident on the figure,

Test Program

Tests of the type shown in the following table were

made to determine the cowling and cooling characteristics.

The fuel-air ratio was msintained as close to 0.085 as
possible in all of the tests except test 8. The fuel-
air ratio was varled in this test in order to attempt
to obtain its effect on the variation of effective-gas
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temperature. As previously mentioned, however, the
carburetor used would not vermit a large enough range

of fuel=-air ratio to establish the relation. Several
runs of some types of tests were made for check purposes
or .to determine the effect of baffle and cowling altera-
tions. A minimum of 5 minutes was allowed for the tem-
peratures to stabllize.



TEST PROGRAM

.

Test = + ~
s Type of test Purpose of test
Ground test. After preliminary checking of|{To determine I
the engine on the ground, the maximum ground cool- . . &
engine speed at which the sngine cooled |ing character- 1 ot ol
1 continuously was determined. The istics and 4 < A
temperatures were then checked at one- relation between gp' 5-3 . 'é)

"y " > = .. 3 L3 -~
half the foregoing specd and at an cooling=air flow jwgf{ o S ©
intermediate speed. and pressurse drop L8| © Rt 8

- Pl n s = ~% & O (@]
across engine e 'é? g ’;_,9
38 5 5e0
A 3 . A3 os I 55 man B = ] O
Altitude, 1000 feet; inj}cagen airspeed, Pol DE!liee
30 miles per hour: throttle wide open: OQ! OO0l wm =0 e
3 2
. ; g L e . Lol o~ ® 0
2 wing flaps adjusted to obtain level S COT [ w I PR
o = f o =134 e Q'S0 &
11 Cb% Data reccrded for stabilized vo| onlonad
Seo Sl o o & g o
conditions. f ol B | Bame
R
Altituds, 10,000 feet; indicated airspeed, sal BR1PPEE
na 3 m ¢ t wi :':_ Nen "Eg & o=t 0 i
3 T;aX imum; throttle wide ?‘_in, wing gt ol B oo
flaps up. Data recorded for sta- O Bl e LS 1)
bilized conditions. el Bl B8
o g‘; o ) n %
: 3 o 9 . 4 @ 4T ~ a®
£1titude, 5000 feet; indicated sirspeed, ol oaloon o
maximum and that for climb; throttle e d o e
Iy setting reduced for level flight at ;_3 of B E ® (D'-g
the climb speed: wing flaps up. Data g gaee gt ere B
2 ’ i > T oo S0 S o e
recorded for stabilized conditions. (B S S T S
Qi Q orl @O & —f
PEY Pt DO EDBe
o C col oao0odgd
oY mEd oy O G o
o o o
& = =
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TEST PROGRAM - Continued

Test

Type of test

Purpose of test

no.

Altitude, 1000 feet; indicated airspeed

varied by varying throttle setting
level flight; wing flaps up. Data
recorded for stabilized conditions.

To determine

relation
be tween
cooling
air flow
and pres-
sure drop
across
engine.

To determine

relation
between
total pres-
sure at
cowling
entrance
and power

coefficient.

ax

Altitude,

1000 feet. A reference
baffle pressure drop was read

with a 90-mile~per-hour indicated
airspeed. Reference alr pressures,
all temperatures, and engine data
were recorded after a stabilization
period. The wing flaps were then
lowered to increase the drag, the
airspeed and engine speed readjusted
to maintain level flight, and the
reference baffle-pressure drop and
the reading taken again. The pro-
cedure was repeated for five flap
settings in order to obtain as great
a variation of engine power as
possible.

de termin
variation
of cooling
character -
istics withi
horsepower

To determine relation between cooling character-

istics and cooling air flow.
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TEST PROGRAM - Concluded

Purpose of test

Tgi? Type of test

Wide-open throttle climb, Airplane To determine
leveled off at 1000 feet and tempera- cooling
tures stabilized with wide-open throttle. character-
Then climbed at constant indicated air= istics in
speed to the service ceiling. 1In the climb.
rear cockpit continuous readings of only

i the rear spark-plug temperatures, one
front and one rear-baffle pressure were
taken due to the time element. Prsssure
represented average of the other pres-
sures at coresponding positions.

Altitude, 1000 feet, indicated airspeed, To determine
constant; engine speed approximately change 1in
cruising speed; fuel-air ratio varied cooXing

8 in steps over as large a range as with changg
possible. Change in engine power of fuel=-ain
with change in fuel-air ratio com- ratio.
pensated by small changes in throttle
setting.

To determine relations between static pres-

total pressure at

ing exit,
cowling entrance, pressure drop across

2
=

cowl

sure at

engine; flap angle and cowling exit area

¢7
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Engine cooling.- The cooling-correlztion results
of the level fiight and ground tests are shown in fig-
ure 18, Practically all of the cooling data for these
tests are shown in this figure. A few runs made during
the latter part of the |nve5u-bation wers not included
because the engine was not operating satisfactorily.

A single curve resulted when valugs of (Ty - La>/(lw - Tﬁ)
were plotted against values of “/b AH ‘and anothsr
s;m11ar curve represented all of the kead data. (See
ig. 18.) These curves were straight lines on a
1ogarithm1c plot with a slops of 0.5. The exponent 2
in the abscissa was obtained from construction plots
which have been previocusly described. An average of
all the Lnad and barrel vressures was used for AH in
figure 18 because the pressure cdistribution was very
unlform in front of and behind ths engine. The
term O,AH was adequate for correlating the cooling
data of the present tests but for high-altitude air-
blane° with large heat output engines it 1s nscessary
to correct for change iIn O across the engine befors
adequate correlation can be obtained,

The relation of the spark-plug temmeratures of
each cylinder to Ty and of the flange temperatures
of each cylinder to T, are shown in figures 19 and 20,
respectively. Although some of the data do not agree
very well with the curves drawn, no definite trend in
the data points could be detected, thers just being a
random scatter about the curves, It is thought that
figures 19 and 20 are falrly representative of the
variation of individual temperatures with average
temperatures with the exception of two or three
thermocouples.

The result of the ground test with configura-
tion B at a speed at which the engine could be operated
continuously is shown in table TII. The results show
that at the air temperature of the test, 51° F, all
temperatures were satisfactorv but cvllnder . spark-
plug temperature was very near the 11m1t, 5250 F, and
other temperatures would exceed or be near the limit
at the CAA sea-level air temperature of 110° F
(reference 6). The allowable limit for the cylinder-
base flange temperature was 330° F, The temperatures
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attained in high-speed level flight at about 1000 feet
altitude with the same installation configuration are
also -shown in table II. It is quite evident that the
engine would not cool satisfactorily at CAA standard-
air temperatures; the head temperatures of at least
four cylinders would exceed the limit and possibly the
flange temperatures of two cylinders.

The spark-plug temperatures attained in climb
from sea level to 10,000 feet with configuration B are
shown in figure 21 along with other pertinent data. No
points are shown on the curves as they were obtained
from faired curves of the data plotted against time.
The hottest temperature occurred at the low altitudes
and probably a couple of cylinders will be over the
temperature limit at these altitudes if the air tem-
perature is CAA standard. Temperatures calculated from
the cooling and engine conditions using the curves of
figures 15, 18, 19, and 20 showed fair agreement with
the observed temperatures at the low altitudes. At
high altitudes the agreement was fair except for
cvlinders 1 and 6. Inasmuch as the slopes of the
temperature curves with altitude wvariation of figure 21
for cylinders 1 and 6 are much different than the slopes
of "the curves for the other cylinders, it 1s ‘thought
that probably the thermocouple readings were in error
for these two cylinders at the high altltudes.

Because the temperatures were hotter at low
altitudes than at high altitudes and because the
calculated temperatures in climb were in fair agree-
ment with the observed temperatures which indicated
that the latter were near the equilibrium values,
all tests to determine the effects of changes in
baffles and cowling were conducted at about 1000 feet
altitude and in level flight. No original data are
given here for the effects of these changes because
the conditions during the tests varied and the observed
temperatures cannot be compared, The comparisons of
these temperatures calculated for specific conditions
are given later.

Aerodynamics of cowling installation.- The pres-
sure drop across the engine lor various alr gquantities
flowing, calculated from data obtained with the

i1-square-inch exit, 1s shown in figure 22. The points

fit the curve very well, thus giving confidence in the
pressure measurements at the exit from which the weight
of air was calculated.



26

The relation of (Hg - Hil/(%l - pé)' to cowling-

exit area is given in figure 23. The points are arith-
metical averages of all tests made with each area
because the variation cf Ho » H5//(H1 - p5) at ‘each

area with test conditions was small, Figure 23 shows
the gain in what might be called useful pressure drop
(H2 - H§) s the area increases, At lll-square-inch

area, only about 0,5 of the pressure difference from
front to rear of the cowling is available for cooling
but with 135-square-inch =~ area about 0.8 of the total
difference is available. This increase in pressure
difference available for cooling results in a direct
inerease in cooling-alr quantity flowing through the
cowling and thus an improvement in cooling.

The relation between H;, the propeller-power
coefficient, P,, and free-stresm conditions can be
obtained from figure 2. Points for all of the tests
conducted are given in the figure, At the highest
value of Pg a value of (HO - H1)/qy of almost

-0.8 was obtained showing that the free-stream pres-
sure was boosted almost 0.8q, at the cowling inlet.

This value is much higher than pressures that are
usually obtained in inlets and indicates that the
location and design of the inlet was more than satis-
factory.

The oyer-all loss through the cowling
(Ho - p5>/ﬁo is plotted in figure 25 against flap
angle, The values of (HO - p5>/ﬁo varied little at

any one~flap setting so that all the values for each
exlt area were averaged and these averages plotted. As
no flap was used with the )j1- and 75-square-inch exits,
it would be expected that P would about equal pg.

That such was the case is shown in figure 25 because
Hy = psf/ﬁo for these two areas was asbout 1.0. With
the 300 flap a boost of 0.3q, in CHO - pS) above
that at 0° flap angle was obtained., No tests were made

at other flap angles sc an assumed line has been drawn
through the data based on other test results.

The weights of air flowing through the cowling for
all the test runs are plotted in filgure 26 against the
pressure 1loss OOCHI - Ho). The weights of alr were

obtained from figure 22 knowing the pressure drop across
the engine. Some scatter of the data about a line drawn
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with the slope that ig usually obtained is apparent.

The pressure differsnces were so low, however, as to be
within the accuracy of the pressure measuring equipment.
The loss from the cowling inlet to the face of the engine
was roughly 0.2 of the free-stream dynamic pressure,

No curve on this basis is given for the loss (H3 - Hh)
as this loss was negligible.

PREDICTED COOLING PERFORMANCE

Effect of Cowling and Baffle Alterations

Several cowling and baffle alterations were made
in order to improve the engine cooling obtained with
configuration B. These alterations are detailed in
table I, configurations ¢ to H. In determinling the
effect of the alterations the engine temperatures for
configurations B to H were calculated for CAA alr-
temperature conditions. The test values of indicated
horsepower, brake horsepower, density of the free air,
Twy 02, and q, were all corrected to CAA alr
temperature. In calculating gq, the assumption was
made that the drag coefficient and propulsive efficlency
were the same for the standard conditions as for thes
test conditions. For ground runs it was assumed that
AH of the test remained unchanged when temperature
varied., The temperatures were then calculated using
these corrected data and figures 18, 19, 20, 23,
and 2k.

The results of the calculations for the various
configurations are shown in table IITI., With the
li1-square=-inch exit area, configuration B, most of
the spark-plug temperatures and scme of the flange
temperatures exceesded the limits in the ground run
(test 1, run 6). In the full-throttle level-flight
test (test 5, run 2) two sparke-plug temperatures
exceeded the limit. The hottest cylinders were

.numbers 3 and ;. (See fig. 11.) A few tests were

conducted on the ground to determine whether the large
temperature change from cylinder to cylinder was
caused by poor fuel distribution by determining the
fuel~air ratio of each cylinder from exhaust-gas
samples, The fuel-air ratios of the cylinders were
found to be about the same.

With the 75-square-inche-cowling exit area, 3
configurstion C, the temperature decreased about L0~ F
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on the ground and about 30° F in level flight at

1000 feet altitude as compared to the results wilth
configuration B. No temperature was over its limiting
value in the level-flight test, although cylinder I
spark-plug temperature was close to the limit (5150 F),
but in the ground tests cylinders. 2, 3, and L spark-
plug temperature exceeded the limiting value.

Tests were then made with spark-plug baffles,
a blast tube, and baffle ducts but the test results
were inconclusive and in general little or no decrease
in temperatures was obtained.

Although the test results with the spark-plug
baffles had proved inconole1ve they were installed
on cylinders numbers3 and L when the exit area was
increased to 135 square inches and a fixed flap was
used (configuration H). The spark-plug temperatures
of cylinders 3 and |} at 1000 feet altitude and in
level flight with this COHTl”uPJtlorYW°‘O decreased
about LSO F rand thei :other CVllnd&r spark-plug tempera-
tures about 35° F as compared to the results with con-
figuration ¢. Of course,no flap would be ussd in high-

-speed level flight. It was necessary to operate the

airplane in such a manner in order to obtain data upon
which the design of the exlt, to be given in the next
section, could be based. The engine began to operate
unsatisfactorily at this point and the tests were
discontinued. No climb or ground tests were made with
configuration H. The area of the cowling exit required
for adequate cooling was calculated instead for both
level=-flight and climb conditions from the datd that
had been obtained up to the time of discontinuing the
tests.

Cowling-Exit Area for Adequate Cooling

The cowling-exit area required for adequate cooling
was calculated for engine and cooling conditions for the
climb test at 1000 feet altitude for a high-speed level-
flight test at 1000 feet altitude (test 5, run 13%) and
for a level-flight high-speed test at 10,000 feet
altitude (test 3, run 1) corrected to CAA air temperature
as explained in the previous section of the report. The
areas were calculated on the basis of no spark-plug
temperature exceeding )250 F using the corrected con-
ditions and figures 15, X8, 19y 85, alllzd 25, For high-
speed level flight a flap angle o 0° was used and for
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climb a 30° angle was used. The results of the calecu-
lations are given in table IV.

The results in the table show that adequate cooling
will result with 63-square-inch exit area In high-speed
level flight at 1000 feet altitude. This conclusion 1s
substuntiated in table II where for approximately the
same conditions and 795-square~inch area the temperature
of eylinder i was 515° F. At 10,000 feet, due to the
rapid fall off in engine vower, only 3%2-square-inch
exit area is required. For climb at 1000 feet, a
value of ’Ha - HB)/(HI - Py of 0,9 was obtained for
the conditions set up. Thid was beyond the range of
the tests and for this reason the exit areca required
has been denoted in table IV as being somewhat greater
than 135 square inchses. There is some doubt that the
value of 0,9 could be obtained becsuse the curve in
figure 2% is flattening rapidly. It is thought, however,
that the engine will cool in climb with the flap pro-
vided and 135-square-inch exit area because the tem-
peratures fall off rapidly as altitude increases (fig. 21)
and in addition equilibrium temperatures are not usually
attained in climb. If the same decrease in temperatures
is obtained on the ground as in flight when the exlit
area is changed from 75 to 135 square inches and a flap
is used, the ground cooling will be adequate. As
mentioned previously, no tests were made to check these
points bscause of unsatisfactory operation of the englne,

To sum up, the aerodynamic results of the cowling
design used were good, especially the high-cowling inlet
pressures obtalned. Any improvement in cooling will have
to be obtained by improved fin designs on the engine
cylinders and/or use of a cooling blower.

CONCLUDING REMARKS

With the cowling inlet relocated as in the new
design behind the active part of the propeller the highest
total pressure ‘n ths inlet was about O.qu greater
than that in the free stream, This pressurs 1ls much
higher than those usually obtained in cowling inlets,

With a cowl-flan angle of 0° the pressure at the cowling

exit pg was about equal to free-strecam static

pressuré py. The greatest pressure differcnce (Hy - p5)
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from cowling inlet to cowling exit with this flap angle
was thus about 1.8q . With a flap angle of 30°, the ;

depression at the cowling exit was -O.qu giving a
maximum value of Hy = P, of Z2.1q, at high values of
propeller-power coefficient, These values of Hy - p

decreased to 1.5 and 1.8, respectively, at low values
of the propeller-power coefficient.

The loss in total pressure from the cowling inlet
to the upstream face of the engine with the altered
cowling inlet was roughly 0.2 of the free-stream dynamic
pressure. The loss from the downstream side of the
engine to the cowling exit was negligible. With the
altered cowling adequate cooling can be obtained in
high-speed level flight with a cowling-exit area of
6% square inches at an altitude of 1000 feet and
322 square inches at 10,000 feet. It is probable that
cooling in climb and on the ground will be satisfactory
with 135-square-inch-cowling exit area and a flap angle
of 30°, Further improvement in cooling of the subject
power-plant installation must be obtained by some means
other than the cowling design.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics
Lengley Field, Va., May 13, 194l
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NATIONAL ADViSORY®
COMMITTEE FOR AERONAUTICS

TABLE I

ORIGINAL AND ALTERED POWER-PLANT INSTALLATION FEATURES
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TABLE IIX

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

OBSERVED TEMPFRATURES WITH CONFIGURATION B

PType of tewt ground level flight
Test no. 1 ]
Run no. 6 2
Cowling exit avrea, sq. in. 431 41
Indicated horsepowsy 84.9 148.2
Breke horsepower 73.2 121.9
Engine speed, Y.DeM. 1810 2800
Puel-air ratio 0.086 0.087
Cooling-alr tempersturs, P 51 60
Carburstor-air eempamatura.°? 51 60
Alrapeed, mph 0 154
o;Al. in. of water 1.26 6.07
emperaeuce. 7 Soaru [anse | Boes asge
pluK plug
Cylinder 3 02 219 | 404 236
& 469 256 | 496 268
3 496 233 | 6le 244
4 b22 274 | 524 70
) 429 209 | 463 238
€ 483 279 | 478 286
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TABLE III,- EFFECT OF COWLING AND BAFPLE ALTERATIONS ON COOLING
OoP

FRANKLIN 6-AC-298 ENGINE (CAA AIR TEMPERATURE BASIS). HATIGNAL ADVISORY

COMMITTEE FOR AERONAUTICS

Configuration B (o D B C B P ) §
Test 2k 1 1 ) ) B b
Run number 8 8 1 8 § 1 % 8 é&
Cowling exIt slof area, ag. iIn. 41 75 75 4 5 i) 1
Cyllndei' baff%% ‘3 a3
Spark-plug baffles - - Cyl.% o @ CylS <,
Blast tube w - - = - - Yy *
Cowl mp - - - ) - - - -
Indicated horsepower 80.4 | 82.1 82.0 41.,0[138.1 [ 1374 .
Brake horsepower 88.7 | 70.5 | 70.3 | 115.0 115%;f11§:§' 118 113,
Bngline speed 1810 | 1820 1820 | 2800 |2 2740 |
Puel-alr ratis 0,086 0,088 [0.084& | 0.087] 0,008 0.085 [0.088 | 0.
Altitude, Teeot 0 0 [ 0 990 000 ,
ruge alrspeed, mph 5 Q 0 0 13¢ 29 ,
Cooling~-air temperature, F (CAA) 110 10 130 | 110 | 1 ‘ |
9go8, in, of water i 1.12 | 1.47 [ 1.7% [ 5.44 270 [ 9. 38 |
| Rear spark-plug temp., °F
Cylinder 1 486 477 446 433 ) D 7
2 69 549 4 _
3 619 | 579 580 | 54 590 1473 .
4 620 ) 546 S
) 526 457 | 47 G ' 417
6 s 562 | S22 | 511 | 408 | 47T ¥ | 444 |
Flapge tenperature, F 356 75 7 5
Cylinder 1 290 :
2 324 | 309 | 201 %P%ﬁ:_&* _gl 8%%
3 308 202 275 | 280 | 2™l _
LY 337 | 316 | 208 : __5%3 27 :§¥?:
: 3 i e
(>} Q : .

¥ Tempereture 1inmit 525 °r
g " " 330 %



COWNLING EXI? AREA WEEDED FOR ADHQUATR COOLINO

TABLE 1V

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Type of riignt v | MOl | caeskie
filght | elinb
Altitude, feet 1,000 10,000 1,000
True alrspeed, mph 128 119 88
Indlcated horasepower 139 5.5 133
Coolingeair temperaturs, % (cAR) 110 80 10
Fuelenir ratio 0,087 0,088 0.088
Cylinder 4 sparkeplug temp., °F 525 525 528
o8, in. of water 6.9 S8 L 1%
Aves of cowling exit required, sa.in. 63 &2 st




Figure 1.- Fleetwings model 33 trainer with original cowling installation.



Figure 2.-

\CAnaunsrﬂa $C005. Q

copYy.
LMAL
2711

Front view of original cowling installation on Fleetwings model 33 airplane.
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Figure 3.~ Diagrammatic sketch of powerplant and cowling installation




(a) Side view.

(c) Front view,

Figure 4.- Fleetwings model 33 trainer with first cowling alteration
(configuration B).
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(a) Side view.

PRESSURE TUBE RAKES
cowr FLARP

(b) Rear view.

Figure 7.- Views of cowling exit with flap.



BAFFLE REAR
PRESSURE TUBE

BAFFLE FRONT
PRESSURE TUBES

PRESSURE
TUBE RAKES

Figure 8.-

CYLINDER BAFFLES
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ouT THER -
MOMETER

Two views of engine showing baffle installation.
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ipark-plug
cut-out in
baffle

Figure 10.-

(a) Spark-plug baffle,

(b) Baffle ducts,

Modifications to cylinder baffles.

Spark-plug
baffle

Baffle ducts



Cylinder numb? Thermocoupie number
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Figure |l. “-Thermocouple /[ocations for Franklin 6-AC298
engine .
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Figure 12.~ Front and rear cockpits of Fleetwings
model 33 airplane showing instrumentation.
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8gI0 ,IZ 14

Outlet - Jooking Forward

e Total pressure

x Static "

| Front baffle pressure
¥ Rear " "

Left bank of cylinders

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Inlet - front view

Right banK of cylinders

Figure 13~ Sketch showing Jocation of static and total
pressure tubes 1n modified cowling.
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Figure /4.~ Estimated indicated horsepower chart for
FranKlin 6AC-298 engine.
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Frgure 15 Variation of effective gas temperature with
fuel-air ratio.
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Figure 20.-Varigtion of cylinder-flange temperatures

with average barrel temperatures.
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Figure 22, - Weight of cooling air flowing across engine at
various cooling-pressure drops.(Area of exit , 4! square
inches).
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