‘l

_../'\

P S SRR EEE ]

£ ‘ -
w oo . ‘ e 3 St ro ‘].'"'ﬂ i&:ﬂ

s \ gLy
J v&i\,“ﬂ l‘dP M&V 19

Lo o g
kL s o i
o

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
May 194k as
Memorandum Report
COWLING AND COOLING TESTS OF A FLEETWINGS
MODEL 33 AIRPLANE IN FLIGHT
By Herman H. Ellerbrock, Jr.,and Herbert A. Wilson, Jr.

Langley Memorial Aeronautical Laboratory
langley Fleld, Va.

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L - 632




NATTONAL ADVISORY COMVITITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Army Alr Ferces, Materiel Command
COWLING AND COOLIRG TESTS OF A FLEETWINGS

MCDEL 23

\TRPLANZ IN FLIGHT

:E’

By Herman H. Bllerbrock, Jr, ané Herkter: A. Wilson, Jr.
s 14
SUNMARY

The ccoling of & Franklin 6-AC=-298 horizontally
crposed cylinder sir-ccoled engine installed in a
Fleetwings wodel 33 trainer has been investigated in
flight at the request of the Army Air Forcés, Materiel
Command. The present report was written in response to
several inquiries as tc the cocling chsracteristics of
this type of engine.

_ The cowling on the airplane as recsived 4id no%
nrovide satisfactory cocling. The cowling was altered
in several steps and cylinder baffles installad in an
effort tn Imnrove the cooling of the engine and tests

ere coniucted over a wide range of ergine, alrplane,
1pd cooling conditions from sea level to 10,000 feet
altitude., Cround, climb, and level=flight teats were
made. A complete description of the ccwling and baffle
alterations is given in the renort,

The results cof the tests showed that with the
cowling inlet relocated as in the new design behind the
active part of the wropuller the highest total pressure
in the inlset was about 92.8q, greater than that in the
free strsam, Available pressure differences across the
cowling, total pressure at the cowling inlet minus
static pressure at the cowling exit ol 2.1q, with a
30° flap angle ard 1.85qs with a flap - ane of 0°

]
were obtained at high values of pro fri-

fols eliul—che“ coefrl
cient. At low maluvs of vropsller-vnower coefficient
these values decreased to 1.3 and 1.5, respectively.
The los=z in +otal vrcscsure from the cowling inlset to

‘d ‘U

the nupstreuam face of the engine was roughly .20, &and
the loss from the downstresam side of the e‘gine to the




cowling exit was neglicible. Cooling was shown to be
adequate in level fligat 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 due to unsatisfactory engins operaticn 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
ccoling of the subject power-nlant installation resquires
some means cther than cowling design,

INTRODUCTICN

The cooling of a Franklin 6-AC-298 horizontally
opposed cylinder air-cooled =sngine installed 3in a
Flectwings model 33 trainer was investigated iIn flight
at the Bdnglev iemorial AerondutlcaL Laboratory during
November and December 19/:1. This investlgatlon 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 been
written In response to several recsnt inguiries as to
the cooling characteristics of this type of 2ngine and
instsllation,

The originzl cowling for the 6-aC-298 engine in

the Fleetwlngs airplzins using inlets above the center
line of the cv1¢nders having no barfles, and dis-
charging the ajr from below the cylin de”s through side
and bottow outlets was revpcrtsd by the contractor as
providing vnsatisfactory cooling. The type of cowling
used in *he original F1@~thnju installaticn 1s unsatis-
factory from an gerodvnamic stendpoint. The inlet-air
vassages are small and the high-wlocity flow undoubtedly

caunses high nressure losses. Tre 'mbaffled spaces
between cylinders allcow a large flow of air that
accomplishes no coeling and the air that does flow
through the fin vassages separates from the cylinder at
the sides and fulls to reach the downstream side of the
cylinder, The ram ttat can be obtained In the inlets
as originally located is also much lower than can be
ohtained with a single inlet below the prcpeller-thrust
axis and behind a more active nart ol the vroneller
blades,
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The object of this report is to describe a new
cowling and cylinder btaffles designed and constructed
under the dlrection of the NACA with the object of
obtalining the maximum possible cooling and to present
results of flight tests made to determline the ccoling
obtained. The flight tests were conducted by personnel
of the Fleetwings company under tlie direction of
Mr, Carl DeGanahl. Tests were made cver & large range
of engine and flizht conditions from altitudes of
1000 to 10,000 feet., The instrumentation used to obtain
the data was limited dus to the size cf *the airplane
and the time availlable for the testing. Although the
instrumentation is nct considered adequate for obtaining
the best results for cooling tests, the results are
considered satisfactory from the standpoint of providing
an aid to desigrers of alrplanesusing this type of engine.

SYMBOLS
A flow area at various stations, feet?

a velocity of sound in alr (h9.2\/Ta + u&b), feet

per second

(@)

a censtant

D propeller dliameter, feet
d engine-piston cdisplacenent, inches%
e w2
Fn compressibility facter, 1 + ==+ — ...
L Lo
o accelsration due to gravity, fest per second per
second
H total nressure, vnounds per foot? or inches of water
Ip indicated horsevower of engine at temperature, Tg
To I
60 incdicated rorsevower of engine at temmerature
of 60° @
X a constant
M Mach number, V/a
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N

+3

3
o

ALl

a constant

engine speed, rpm

a constant

brake power cf engine, foot-pounds ner sscond
. 22

rropeller-powsr ccefficient (P/pCVO)D )

static prressurs, pounds per foote

back rressure on engine, inches of mercury absolute

nmanifcld pressure, inches of mesrcury sbsolute

dynamic rresgsure, pounds per foot2

indicated dynamic pressure, pounds per foot?

rropeller thrust, pounds

. o}
ccoling~alr and carburetor-alr temperaturs,

F
average cylindsr-barrel temperature of engine, °F
- P WAl ~r22

thrust coefficlent ({T/p V D

effective gas temperature, CF

effective-gas temperature at 0° F carburssor-air
temperature, °F

average cvlinder-tiead temperature of enginc,
cylinder-wall temperaturs, °F
velocity, feet ner second

weight of cooling alr flowing over englne, pounds
per rour

a constant
cooling-alir pressure drop across cylinder heads

or cylinder barrels of engine, inches ol water,
(Hz - q})

e
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Ata temperature rise of cooling air across engine, Cp

a engle of attack of airplane

A denotes increment

n propeller efficlency (TV,/P)

p density of cooiing air, slugs per cubic foot

Pg standard air density, slugs per cubic foot
(0.002378)

Py o mean density of alr hetween stations 1 and 2,
- slugs ver cubic foot

Po 3 mean density of air between stations 2 and 3,
’ slugs per cubic foct

p3 | mean density of alr between stations 3 and U,
s slugs ver cubic foeot

o2 (Pp/Py)
fmep friction mean effsctive pressure, pounds per inch?
fhp friction horsencwer

Subscripts:

o} free-stream con”ition

1 station at duct or cowling entrance

2 station at face of engine | See figure 16
for station

3 station at rear of engine rositions.

I station at flap hinge

5 station at flap exit Ve

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

and p at the various stations in the duct system.




AIRPLANE ALTERATIONS

Cowling and Installation Changes

The detzils of the original and redesigned power-
plant installations are summarized in table I. Pig-
ures 1 and 2 show the airplane, which is a low-wing
two-place monoplane with the orliginal cowling and power-
rlant installation, The airplane was equinped with wing
flaps and a two-blade fixed-pitch propeller,
design 76®ASlL. The power vlant was a Franklin hori-
zontally oppossed six-cylinder 6-AC-298 unsupercharged
alr-cooled engine ratcd 1350 brake horsepower at 2550 rpm
at sea level with & manifold pressure of 29,92 inches
of wmercury and a carburetor-alr temperature of 60° F,
Tre compression ratio, bore, and stroke of the cngine
ere 7:1, !1.25 inches, and 3.5 inches, resvectively. The
alrplare was equippned with dual Eismamnn ignition and
with two Marvel carburetors., The carburetors were

eguioned with manuval mixture contrcl,

In the original installation, configuration A of
table T, the ccolling air sntered two small openings in
the nose of the cowling behind *the blacde shanks {ses
figs. 1 and 2), passed ovar the cylinders from top to
bottom, and then ovt openings at the sides and dbottom of
the cowlinz below the englne. The reservoir between v
the tops of the cylinders and the tov surface of the
cowling was not very large and thers was a chance of
having some velocity hesd in this space which would
cause poor cooling-pressurs distribution frem cylinder
to cvlinder. The space between the Dottom of the
cylinders andé the bottom surface of the cowling was
crowded with engine accessories, carburetor heating
ducts, and two oil coolers which intserfered with the
passage of the cooling air from the cowling. TFurther
details of configuration A are given in table I,

The first step in ilmoreoving the cooling of the
engine was to redesign the cowling., The altered
cowling, as shown 1in diagrammatic form in figure 3,
was designed at this Laboratory in cooreration with
representatives of the Fleetwings Cowmpany to take the -
cooling alr and carburetor air in one large opening in
the lower half of the cowling nose and discharge the
coollng alr at the top rear of the cowl skirt. This
type o7 top cutlet was considered satisfactory on
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this particular power-plant installation as it was belng
developed rfor a pilotless airplane, For a normal
arrangement outlets should be carried around to the
sides of the cowling to avoid o0il from the engine
impairing the pilot's vislon through the windshield.

The direction of air flow across the engine was reversed,
as 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 engine in which the velocity of the air was small,
The pressure distributlon across the cyllnders would
therefore be more uniform that if the air was discharged
from a small svace a3 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 oressure 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 l} and a close-up of the
inlet in figure 5. A close-up view of the compartment
below the engine with the new installation is given 1in
figure 6,

The size of the inlet opening was determined from

- the estimated gquantity of cooling air and carburetor

air required by an engine of a little greater horse-
power than the rated 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 velccity in the inlet would bte limlited 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 adequate cooling could not be determined
accurately because the ccoling characteristics of the
engine were unknown. For this reason three sizes of
exit opening were tested: Ll (configuration B},

75 (configurations ¢, D, E, F, and G), and 135 (con-
figuration H) square inches, Configuration H also
included a fixed flap (flgs. 3 and 7) set at a 30° angle
to the cowling surface. Extreme care was taken to seal
the compartment below the =ngine from that above the
engine,

In addition to altering the cowling the o1l coolers
below the englne were replaced with & single large cooler
slung below the fuselage lust aft of the cowling skirt.
Although the o0il cooler is an important part ot a powsr-
vlant installation, the present tests only Involved the




cooling of the engine itself, The cooler installation
wes only a hemporary means of cooling the oil during the
teats, Other clean-up of the space below the engine was
made including the installation of a new carbureter duct
svstem as shown in figures 3 and 6. The new carburetor
duct svstem was arranged such that cold air or hot air
could e talen intc the engine by opereating a linkage C
(fig. 3) which held either free-SW1171ng docr A or B
shut. Cold air was taken in a duct at the iInlet opening
of the cowling. (See figs. 3, 5, and 6.) The hot air
was obtained by connecting ducts tc shrouds around the
exhanst pipes (figs. 3 and 6£), the inlets to the shrouds
being open to the chamber helow the engine, The duct
svstem was equinned with a backflire arranvement 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 cpen. The uss of this system
cleaned up the space below the engine appreclably.

Clinder Raffles

The engine was not equipped with cylinder baffles
in the original installation (configuration A, table I).
A set of baffles was rmade, as shown in figure 8 and
diagrarmatically in figures 3 and 9, which fitted tight
against the fin tips at the rear of the cylinders, the
space hetween the cylinders being closed to the passage
of air by the baffles. The exit area of the baffles was
made 1.6 times the free-flow area bstween the fins.
These haffles were used with all of the altered cowling
configurations. Several baffle modifications were
tested based on the results of the tests with the
cvlinder baifles. These modifications included spark-
plug baffles, a blast tube, and baffle ducts. The spark-
plug bhaffles 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 contact with the cvlinder for a greater dlstance
around ths cylinder. The blast tube directed cold air
on to the spark plug. The baffle ducts (fig. 10(b))
carried air direct from the pressure chamber below the
engine to the hot sldes of the cylinder heads. Further
details a3 on what cylinders the baffle modifications

were used snd with what cowling conflguration are given
in table T.
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COOLIVG TESTS

Instrumentation

Temperatures of the cylinders were measured by
36 thermocouples located as shown in the sketch on
figure 1l1. 3Six of *the thermocouples were gasket-type
thermocouples uncer the spsark-pluvg flangs, six were
embedded thermocouples in the barrel flanges, and the
cther 2! were smbeddcd or spot-welded thermocouples
evenly distributed over the front and rear of the barrels
and heads of the cylinders. Two sets of three thsrmo-
couples, each cet 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. =ach
thermocounle of a 3set was located directly behind a
cvlinder as shown in figure 3. A thermocoupnle was
located on the antenna strut shown in figure . The
temperature recorded by this thermocouple was used for
the inlet-cowling alir and the carburetor-air temperatures.
A thermocouple was placsed in the carburetor duct but the
temperature recorded was 3o close to the antenna-strut
temperatare 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 gasocline strainer, and the
cil pump in order to insure safe operation. The three-
way valve snd strainer temperatures were obtained because
there was some guestion as to whether vapor lock was
presont at times in the gasoline line. The thermocouples
were made of 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 end was msasured with a liquid-
in-glass thermometer. (Ses flg., 12.) 0il-in and oil-out
temperatures o the engine were obtalnsd with resistance-
type bulbs connected to millivoltmeters in ths front and
rear cockpits.
Ry

Ci

[¢]

A schematic layout of the locations of the pressure
tubes placed on the airplane i1s 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. Twc rakes of "ubes were used to obtain the pres-
suras in the sxit slot of the cowling {See figs. 7{(b)

AL “t e \ e o ~oe

and 8.) Front-baffle pressures and rear-baffle pressures
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were measvred with total pressure tubes lcocated in the
manner shown in figures 3 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 feor that reason rear-baffle pressures have been
designated in figure 13 with an x, which denotes static
pressure. The tubes wsre led back to the rear cockplt
to a junction broard shown in figurs 12,

In addition to these measuvrements instruments were
provided a8 shown in figure 12 for obtaining the altitude,
engine speed, oil prsssure, airspeed, manifold pressure,
and fuel-air ratio.

Rec ction 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 1. PRy use of this relation the
otherwise necessary but unattainable requirsmant of exact
dunlication of all cooling conditions in successive com-
parative flight tests is avoided and the results can bs
presentad in a general form from which performsncs can be
estimated for conditions not actually flewn., This rela-
tion is given below.

Tx = Tg _ . ! :
T -7 £ (0, AH)® (1)
g x 2

where

Ty cylinder-wall temperature, Op

T,  cooling-air temperature, OF

Tg effective gas temperature, °p

K,m,n'constants

I indicated horser ywer of engine

AH cooling-air pressure drop ascross heads or barrels

cf engine, inches of water (Hp - H5)
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Hy total »nressure at front of heads or barrels of
engine, inches of water

Hz total pressure at vear of heads or barrels of
engine, inches of water

02 ratio of density of air at front of heads or
barrels os enzine to standard density (pz/ps)

Po density of air a% front of heads or barrels of
engine, sluges per foot

g standard density, slugs per foot? (0.002578)

Relations like equation (1) can be set up for the
average of 211 head temmeratures of all cylinders (in
which case Ty = Ty), the average of all barrcl tempera-
tures of all cylincders end the temperature
of each individual poing 53 cach ¢vlinder. Timiting
temperaturses were prescribed for the rear-spark-plug
gasket and the cylirder-bvasz flange., Therefore, rela-
tions hetween ths temperatures at these points and the
cooling and ergine cenditions were required to dAtermlne
if the cooling was satisfactory for specific conditions.

To facilitate the analysis of the data relations like
equation (1) were estahliishsd between the cooling and
engine conditions and T, and Tp. Then curves of Ty

plotted zgainst the spark-plug-gasket temperature of each
cylinder and Ty wnlotted against *the cylinder-base
flange temverature cf cach cvllnier were constructed to
establish the relations between the average and the
individuael temperabturss. Previous tests on other engines
had showrn that dsfinite relations existed between the
average and the individual temperatures.

In order to establish ths relections between average
head and barrel temperatures and the cocling and bnbine
conditions, tests were conducted in which I was the
only var*ab’e and_ the expongnt nt'  was obtai ed by
plottlng (Tb - Ta)/(Tg - Th) and (Tb - ) Tg - Tb>
versus on logarithmic coordinate paper. Then from
tests where beth OpAH and I were varied the

constants X sand m were obtained by plotting

" ,r" n1 /
@g - Th)Ip /({h - Ta) and (Tg - Tb)I /(Tb - Ta)
versus OpAH cn logarithmic coordinate paper. Straight
lines resulted for bothh of the foregoing plots,
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Tests tave shown (reference 1) that n'/m is
arproximately 2 for a number of cylinders and equa-
tion (1) can be written in the form

T - T 2
_L___a_zf<1\ (2)

Tg = Tx 02AH/

and the data for an sngine can be plotted on logarithmic
ccordinates according to this equation and a straight
line will result. The symbol I denotes "function of."
If the value of n'/m 1is not cleose to 2, the data can
still be presented in the ferm 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-sir
temperature, engine speed, maniicld pressure, and back
pressure on the engine (obtained from the altimeter
reading and standard atmospheric tables reflerence 2).
The indicated horsepower for a given pp, Py, and N
at 60° F carburetor-air temperature is obtainsd from
the curves at the tor of figure 1l and then the indi-
cated horsepower at the temperature of the test is
cbtalned by means of the corrsction curve at the bottom
of fizure 1l. The curves of figure 1l were calculated
from calibration curves of the manufeacturer by a method
which 1s unpublished. The effective gas temperature for
an wnsupercharged engine varies with fuel-air ratio,
gpark setting, carburetor-air temperature, compression
ratio, and exhaust pressure., The principal variation
occurs when fuel-alr ratio and carburetor-air temperature
are varied, The vari.tion with carburetor-alr tempera-
ture has been approximated by the following equation
derived from tests given in reference 1:

Tg = Tg, * 0.8T4 (3)
where
Tg effective gas temperature at 0° P carburetor-air
© temperature, °F
Ty carburetor-air temperature, °F (equals cooling-

air temperature in present tests)
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Tests of several cvlinders (references 1 and 3) have
shown that 7Tg_  at a fuel-air ratic of .08 is anproxi-

mately 536° F for the barrels and 1085° F for the heads
of the cylindevs. These values were assumed applicable
to the Franklin 6-AC-298 engine. 1In establishing equa-
ticns like equations (1) and {(2) for this engine, Tgo

at fuel-air ratios different than 0.03 was obtained
from the curves of figure 15, which were obtained from
reference ! because with the carburetor provided with
the engine the fuel-sir ratio conld not be varied over
a wide enough range to establish a curve like figure 15.

The above equations are apnlicable when equilibrium
temperatures are obta’ned. 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 obtained by methods given in refer-
ence %, Insufficient data, however, were obtained in
the vpresgent tests for satisfectory application of these
me thods and therefcre the actual temperatures obtained
during the climb test were plotted agalnst the altitude
for spmecific test conditions,

(@]

owling characteristics.- The object of the following
analysis 1is to ohtain cowling chuaracteristics from which
it is possible to determine the weight of cooling air
flowing snd thus the coocling characteristics of the
engine, from the pressure available acrcss 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
f1ight conditions, flap angle, and wsight of cooling

ailr are known,

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

- . N .\ in
qco qGo Leq %eg Qe
), - He q,
+ 2—}-” j + L‘) ()-\L)
*Co “Cq




where

H total pressure, pounds per square foot

12 static pressure, pounds per square foot

q dynamic nressure, pounds per square foot (%pV%)

Qg indiczted dynamic pressure, pounds per square foot
Ma NTLL \

Fa compressibility factor 1+ + f— + ..
L L

M Mach number (V/a)

v velocity of alr, feel per second

a velocity of sound in air (MQ.E\/Ta + uéd), feet

ner second ‘
Ty air temperature, Op

Subscripts:

o] free-stream concition

1 staticn at duct entrance

2 station at face of engine
3 station at rear of engine
L station at flap hinge

5 station at flap exit

The sZation 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 geometrv does not change:

W.X
AH = C ~—
5 (5)
where
p average density of the air for the pagt of the

svstem in question, slugs per foot
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X an exponent whose value 1s near two

C a conatant

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

For low speecds, low altitudes, and small heat innuts
p 1in equation (5) is approximately equal to p, and g,

can be used in place of g, with little error. For

such conditions and substituting aporopriate values for
thie constant in equation (5) for each part of the system
equation (l) can be approximated by the following
equation:

HQ - % HO - Hl Wé
= + + + + C, —-J-—-
qo qo Cl_z 02_5 CB"L‘. 04-5 +
Prlo
(6)
where
W weight of air passing through cowling, pounds ner
hour

C1_2,62_5, etc., constunts associasted with pressure losses
from stations 1 to 2, 2 to 3, etc.

C5 a constant 2ssoclated with the dynamic pressure in
the cowling exit

A5 flow area at flap exit, sgquare feet

X a constant

Although the dymamic pressure at the exit varles as

(n/n )d the assumption was made that it varied as
J/A as x 1s close to 2 as mentioned previously.
Then from equation (6)

Hl-p5=C1_0+02_ +C7}++CL|-5 \ ()
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On the basis of the foregoing assumptions, the
pressure loss acxoss the engine 1s:

]

0E = Hp - Hy

1

rd

W
= Cpouz — 8
2-3 3 (8)
- 0
Equation (3) is a basic egquation giving the relation of
the coolirg-air-flow rate andadensity to the loss in total
pressure across the engine,

The ratio of the loss In total pressure across the
engine to the differsnce between the total pressure at
the cowling inlet and the static pressure at the cowling
exit is obtained by dividing equation (8) by equation (7).
Or

Hy - H3 C2.3

Hy = »p C
L 75 Cylp + Couz + C3zop *+ Clug + ;Ez

5
= \D(Ar) (9)

Tre symbol W denctes "function of." The pressure-drop
ratio of equation (9) depends only on the exit aresa.
Men the varistiocn 1s known it is possible to predict

17 e P o - }

(Hp - H5) fer given valuss of Ey and p5.

With the propeller removad and with a good inlet
there is usvally no loss between stations 0 and 1 due
to external expansion of the air or Hy, - Hy 1s about

equal to zero. Tf a propeller having airfoll shenk
sections is operating in front of the cowling inlet,
the inlet pressure Hy may be greater or less than Hy

by an smount depending on the thruvst loading of the
propeller, the angle of attack a of the airplane, and
the location and share of the inlet. The relation between
the Iree-stream and inlet-total pressures for a given
inlet mavy be exnressed bv the following eguation:

HO - Hl

a1 =@ (7, a) (10)

C
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whers

Te  throst coefficient (7/p v, 2D?)

T prooeller thrust, pounds

1 propeller efficlency (TV,/P)

P brake power of e¢ngine, foot-pounds per second
Vs airplane asnesd, feet per second

D propeller diameter, feet

Co density of alr in free stream, slugs per foot?
a anglc of attack of airnlane

Jo] ¢enotes "function of"

RPor a limlted range of flight conditions and with
a fixed nitch o”opelleA, the propeller-power coefficlent,
c (= /bov /Da) 13 approximately prorortional to Tg.
For these conditions and because of the faect that for

this type of cowling -Qq

- 18 practically insensi-

tive to a, the loss or galn o’ total pressure from
thie free strean to the inlst may be approximately
deternined by means of the following equatlon:
H, - K1
0 ~
3 = g (Pg) (11)

0O

The symbol @' denotes function of P, and is diffsrent
from the & wused in equation (10), #Equation (11) may
be used to predict the cowling-inlet pressure for condi-
tions of power, alrsveed, und altitude other than those
for which the tests were mads.

It has been cshown (reference 5 and other rsfer-
A 2 A : /
ences not mentioned hereln) that, for a gliven angle of

H. - p:-
attack, ~9§-——1 depends mainly on the cowl-flap
O ~
setting and the lo
effec 1

cal l velocity. The
ts of the zlipstrear igno

red since the

4\
'S‘m

3
2 ~
3 re
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tests were not sufficiently complete to i1solate them and
the following expression has beasn used to correlate the
outlet prsssures:

Hy = Pr
~36——~l = £ (flap angle) (12)
(0]

Thus, from a determination of the variation of

(He - p5)/qO with flap angle for ezach angle of attack,
the ovressure p. cain be obtained for any flight
condition. / :

Summing up: eguation (§) &£ ves the cooling-air
flow in terms of air density and pressure drcp across
the engine; cquation (9) gives the raclo of the pressure
drop across the engins 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 vressurs to the propellar-
powaer coefficiznt and fres-strzam conditions; and equa-
ticn (12) gives the exit-static pressure as a function
of exit-flap angle and free-stream conditions,

n the basigs of the foregoing analysis, the aero-
dvnamic results of the instsllation were reduced to
~lots of the follcwing form:

5 (H2 - HB) versus W (logarithmically)

gg—g—ié versus A5
Hy p5
I.IO - H o
qo I versis o
H,. - bor

—————  yersus flap angle
o

In deteriining the foregoing rel. tions from the test
data the weight of air W was determined from the

tests with configuration 4 using the data cbtalred at
tha cowling exit with the pressure rakes and the thermo-
coupnles hehind the engine. The curve of b (Hp - H;)




versus W established was used to determine the weights
of air for all other exit areas from the pressure-drop
data across the engline. Such a procedure was ussd
because the rakes spanned only part of the cowling exit
when the large exit areas were tested., No flap was
used with the li1- and 75-square-inch-cowling exit areas
and the pressures recorded in the exit were the pres-
sures p according to the symbolization o¢f this
repcrt. “In the tests with the 135-squarc-inch exlilt the
rakes were placed approximately at station i and the
pressures pe Wwere calculated from the measured pres-
sures assuming Hy equsals Hu.

The density pp dinstead of p, was used to
establish the relation betwsen W and (Hp - H3z) to

correct for small changes in density that occurred
betwesen station O and 2. Use of ps instead of p,

for determining thig relation is more rigorous and
involved no complication in the relation. Such ussge,
however, in the other aerodynamic relatlons would have
complicated them unduly.

The brake power used in determining P, was
calculated by subtracting the fricticn horsepcwer
from the indicated horsepower., The method of
obtaining the indicated horsepower has been glven in
the cooling analysis. The friction horsepower was
calculated from the eguation

fmen X &4 X N
hp = . (1

¥ 7 33,000 x 2 x 12 5
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 fm=2p from the
curves is self-evident on the figure.

Test Program

Tests of the type shown In the following table were
made to dstermine the cowling =znd cooling characteristics,
The fuel-air ratio was malntained as close to 0.035 as
nossible in all of the tests except test 8. The fuel-
air ratio was varied in this test in order to attenpt
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 c¢f tests were made for check purposes
or to determine the effect of baflle and cowling altera-
tions. A minimum of 5 minutes was allowed for the tem-
peratures to stabllize.
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RESULTS

Engine coollno.- The cooling-correlst on results
of the level filight and ground tes ts are shown in fiz
ure 18. Practically all of the cooling data for the ese
tests are shown in this figure. A few runs made during
the latter part of the investigation wers nct included
because the engline was not opsrating satisfactorily.

A single curve resulted when valueo ol Ty, - Ta)/<m1 - Tﬁ)
were plotted against values of T /b LH and another
similar curve repressnted all of the head data. (See

fiz. 18,) These curves were straight lines on a
logarithmic plot with a sleps of C.,5. The exponsnt 2
in the ahscissa was cbtained from construction plots
which have been previously described. An average of
all ths head and barrel nressures was used for AH 1in
figure 15 because tre rrassurs ¢lstributicn was very
uniform in front of and behind the engine. “hu

term OoAH was adequate for corrslating ths ollng
data of the nresent tests but for h:gﬁ-¢1t5ta air-
planes with large nest output engines it is nacegsary
to correct for change in O across ths cnglne before
adsquste corrclation can be obtainsd.

The relation of t*e snpark-plus temreratures of
eack cylinder tc T, and of ithe Flinge temperatures
of each cvlinder to Ty are shown in figures 19 and 20,
respectively. Although some of ths data do not agree
very well with the curves dranh, no je finite trend In
the data peints could be detected, e just being a
randeom s3catter about ths curves, I* is thought that
fizures 19 and 20 are fairly renrsscentativs cf the
variation of individual ,emperdtufus 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 TI. “he'result' show
that at the air temperature of the test, 51° roall
temncratures were satisfactory but ovTJnder h sra”k~
plug temperature was very near the limlt, 525° F, and
other temperaturss weould cxcecd or Be near the limit -
at the CaA sea-level air temrerature of 110° F
(reference 6). The allowabls limit for the cylinder-
base flange temperature was 330° ¥, The temperaturss -




attained in high-speed level flight at about 1000 feet
altitude with the same installation configuration are
also shown in table II. It is guite evident that the
engine woulc not cool satisfactorily at CAA standard-
air temreratures; the head tempneraturcs of at lcoast
four cylinders would excesd the limit znd possibly the
flange temperatures of two cylinders.

The spark-plug temperatures sttainsd in climb

from sea level to 10,000 feet with coniiguration B are
shown in figure 21 along with other pertinent data. Nco
points are shown on the curves as they were obtainsd
from faired curves of the data plotted against time,.
The hottest temnerature occurred at the low altitudes
and prcbably a couple of cylinders will be over ths
temperatiars limit at these altluud&s if the air tem-
rerature is CAA standard., Temperatures calculated from
the cocling and engine conditions using the curves of
figures 15, 18, 19, and 20 showed fair agreement with
the observed temvcratures at the low altitudzss., At
high altitudes the agreement was fair except for

cvlinders 1 and 6. Inasmuch as the slopss of the
temperature curves with altitude variastion of figure 21
for cylinders 1 and 6 are much different than the slopes
of the curves for the other cylinders, it is thought
that probably the thermocouple readings were in error
for these two cylinders at the high altitudes.

RBecause 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 eguilibrium values,
all tests to determine the effscts 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 cornditicns during the tests varied and the observed
temperatures cannot be compared, The comparisons of
these temperatures calculated for specific condltions
are glven later.

, Aferodynamics of cowling installetion.~ The pres-
sure drop across the engine Ilor various alir quantities
flowing, calculated frcom data obtained with the
lil-square-inch exit, is shown in figure 22, The points
fit the curve very: well, thus giving confidence in the
pre3sure messurements at the exit from which the weight
ol air was calculated. :
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The relation of (Hg - Hi%/{%l - pé) to cowling-
exit area is given in figure 23. The points are arith-
metical averages of all tests made with each ares
because the variation of (Hp - H;)/(Hl - p5> at each

area with test conditions Was small, PFilgure 23 shows
the gain in what might be called useful pressure drop
(H2 - H5) as the area increases, At Ll-square-inch

area, only about 0.5 of the pressurse differsncs from
front to rear of the cowling is available for cocling
but with 135-square-inch area about 0.8 of thée total
difference 1s available. This increase in pressure
difference available for cooling results in a dirsct
increase in cooling-air quantity flowing through the
cowling and thus an improvement in cooling.

The relation between Hy, the propeller-power
coefficisnt, P,, and free-stream conditions can be
obtained from figure 2l.. Points for all of the tests
conducted are given in the figure, At the highest
value of Pr a value of (HO - Hl//qo of almost

-0.8 was obtained showing that the free-stream pres-
sure was bocsted almost O.8qo at the cowling inlet,

This value is much higher than pressures that are
ngually 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 - pé)/ﬁo varied little at

any one-flap setting so that gli the values for each
exlt area were averaged and these averages plotted. As
no flap was used with the l;1- and 75-square-inch exits,
it would be expected that Pg would about equal pg.

That such was the case is shown in figure 25 because
(Ho - p5f/ﬁo for these two areas was about 1.0. With
the 300 flap a boost of 0.3q, in CHO - p5) above

that at 0° flap angle was obtained, No tests were made
at other flap angles so 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 figure 26 against the
pressure loss oo<Hl - Hp). The weights of air were

obtained from figure 22 knowing the pressure drop across
the engine, Some scatter of the data about a lins drawn
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with the slope that 8 usually obtained is apparent,

The pressure dirfferences were 30 low, however, as to bhe
within the zccuracy of the pressure measuring equipment.
The loss from the cowllng inlet to thie face of the engine
was roughly 0.2 of the free-strsam dynamlc pressure.

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

PREDICTED COCLING PERFORMANCE

Effect of Cowling and Baffle Alterations

Several cowling and baffle slterations were made
in order to improve the engine cooling chtained with
configuration B, These alterations are detalled in
table I, configurations C to H, In determining the
effect ¢f the alterations the engine tempsraturss for
configurations B to H were calculzted for CAA alr-
temoerature conditions. The test wvalues of indicated
~horsepowsr, brake horsepower, density of the free air,
Tg, Gp, and qo were all corrected tc CAA air
temperature. 1In calculating g, the assumption was

made that the drag coefficient and propulsive =fficisncy
were the same for the standsrd conditions as for the
test conditions., Tor ground runs it was assumed that

AE of the test remained unchanged when temperature
varisd, The temperatures wers then calculated using
these corrected data snd figures 18, 19, 20, 23,

and 2k,

The results of the calculations for the various
configurations are shown in table IIT. With the
lil-square-inch exit area, configuration B, most of
the spark-plug temperatures and scme of the flange
temperatures exceeded the limits in the ground run
(test 1, run 6). 1In the full-throttle level-flight
test (test 5, run 2) two sparke-plug temperaturcs
exceeded the limit. The hottest cylinders were
numbers 3 and ;. (See fig. 11.) A4 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 sach cylinder from exhaust-gas
samples, The fuel-air ratics of the cylinders were
found to be about the same.

With the 75-square-inch-cowling exit area, o
configuration C, the temperature decreased about L0° F
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on the ground snd asbout 30° F in level flight at

1000 feet altitude as comvarsd to the results with
configuration B. No temperature was over its limiting
value in the level-flight test, although cylinder L
spark-plug temperature was close to the 1limit (5150 F),
vut in the ground tests cylinders 2, 3, and L} spark-
plug temperature exceeced 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 1little or no decrease
in tewperatures was obtained,

Although the test results with the spark-plug
baffles had proved inconclusive, they were installed
on cylinders numbers3 and i 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 lf at 1000 feet altitude and in
level rflight with this configurstion were decreascd
about 150 F and the other cylinder spark-plug tempesra-
tures about 35° F as compared to the results with con-
figuration C. Of course,no flap would be used in high-
speed level flight., It was necessary to operate the
alrplane in such a manner in order to cbtain data upon
which the design of the exlt, to be given in the next
section, could be based. The engine began to orerate
unsatisfactorily at this point and the tests were
discontinued. DNo 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 data that
had been obtained up to the time of discontinuing the
tests.

Cowling-~Exilt Area for Adequate Coollng

e 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 alr temperature
as explalned in the previous section of the report. The
areas were cealculated on ths basis of no spark-plug
temperature excseding 525° F using the corrected con-
ditions and figures 15, 18, 19, 23, 2i..uad 25. For high-
speed level flight a flap angle o 0° was used and for
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climb a 30° angle waa ured. The results of ths calcu-
lations are given in table IV.

The results in the table show that adequate cooling
will result with 63-sgquare-inch exit area in high-speed
level flight at 1CC0O fest altitude., This conclusion 1s
substuantiated in table II where for approxiiataely ths
same conditions and 75-square-inch area the temperature
of cylinder L was 515° F. At 10,000 feet, due to the
rapld fall off in engine vower, only 32-square-inch
exit area is regqulred., For climb at 1000 feet, a
value of /H2 - HB)/Kgl - pg) of 0,9 was obtained for
the conditions set up. This was beyond the range of
the tests and for this reason the exlt area reguired
has been dsnoted in table IV as belng somewhat greater
than 135 square inchas. There is some doubt that the
value of 0.9 coculd be obtained because the curve in
figure 23 is flattening rapnidly. It is thought, however,
that the engine will cocl in climb with the flap pro-
vided and 135-square-~inch exit area because the tem-
peratures fall off rapidly as altitude Iincreases (fig. 21)
and in addition equllibrium tempersatures are not usually
attained in climb, If the samz decrease in temperatures
is obtained on the ground as in flight when the exit
area 1s changed from 75 to 135 asquare inches and a flap
1s used, the ground coollng will be adequats., As
mentioned previously, no tests were wmade to chscic these
points because of unsatisfactory overation of the sngine,

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

CONCLUDING REMAKKS

With the cowling inlet relocated as in the new
design behind the active part of the nrepeller the highest
total rressure ‘n the inlet was about O.qu greater
than that in the free stream., This pressure 1s nmuch
higher than those usually obtainad in cowling inlets,

With a cowl-flan angle of 0° the prsssure at ths cowling
exit pe was about cqual tc free-strecam static
pressuré p,. The greatest pressure difference (Hy - p5)




from cowling inlet to cowling exit with this flap angle
was thus about 1.8q,. With a flap angle of 300, the

depression at the cowling exit was —O.qu glving a
maximum value of Hy - P, of 2.1q5 at high values of
nropeller-power coefficient. These values of Hy - P

decreased to 1.5 and 1.8, respectively, at low values
of the propsller-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
32 square inches at 10,000 feet., It is probable that
cooling in climb and on the ground will be satisfactory
with 13%35-square-inch-cowling exit area and a flap angle
of 30°, Further improvement in cocling of the subject
power-plant installatiocn must be cbtained by some means
other than the cowling design,

Langley Memorial Aeronautical Laboratory,
National Advisory Commlttee for Aeronautics
Langley Field, Va., May 13, 194l
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TABLE IIX
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OBSERVED TEMPFRATURES WITH CONFIGURATION B

Pyps of tesk ground leval flight
Test 110. 5
Run no. é 2
Cowling exit area, aq. in. 41 41
Indicated horsepowser 84.9 148.2
Rrake horsspower 73.2 121.9
mngine speed, P i isl0 2800
Puesl-alr ratio 0.086 0,087
Cooling-alr tempersturs, Op 51 60
Carburstorsair ﬁomtwe."? 51 60
Alrspeed, mph 0 134
a;Al, in. of water 1.26 6.07
Tanpernture, P Eoar |Flangs | apark | Plangs
Cylinder 3 02 219 | 404 236
48% 256 | 496 268
3 498 833 | 618 244
4 bee 274 | 524 )
 J 429 200 | 463 238
L 483 279 | 478 266
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(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.

SURE TUBE RAKES
CowL FLAP

(b) Rear view.

Figure 7.- Views of cowling exit with flap.




CYLINDER BAFFLES

CYLINDER BAFFLES

COOLING-AIR
oUT THER -
BAFFLE REAR MOMETER

PRESSURE TUBE

BAFFLE FRONT
PRESSURE TUBES

PRESSURE
TUBE RPAKES

Two views of engine showing baffle installation.

/

Figure 8.-
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L ‘m{ batfle

Xsure tuse

Section through plane of A—A

/_79“'”9 9. - Sketch :
. Showsng basyles /7 L4 ..
F/ééfw/ngs moze/ §§ a/,/_{:/,an:':'”t//n 6-AC-298 eng/ne /in




Spark-plug
baffle

Spark-plug
cut-out in
baffle

(a) Spark-plug baffle.

Baffle ducts

(b) Baffle ducts.

Figure 10.- Modifications to cylinder baffles.
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NATIONAL ADVISORY
CUMMITTEE FOR AERONAUTICS

for Franklin 6-AC-298
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Figure 12.- Front and rear cockpits of Fleetwings
model 33 airplane showing instrumentation.
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Outlet - Jooking Forward

e Total pressure

x Jtatic #
Left bank of cylinders | Front baffle pressure
¥ Rear " "

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Inlet - front view

Right bank of cylinders

Figure 13~ Sketch showing Jocation of static and total
pressure tubes in modified cow/iing.
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Figure /4.~ Estimated indicoted horsepower chart for
FranKklin 6-AC-298 engine.
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Figure 5= Variation of effective gas temperature with
fuel-air ratio.
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Manitold pressure, An , in. of Hg
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Figure /7. — Estimated friction mean effective
pressure chart for Franklin 6-AC-<298 engine.
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ABSTRACT:

New cowling and cylinder baffles designed to obtain maximum cooling are described. Tests were
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Ground, climb, and level-flight tests were performed. Temperatures of cylinders were measured by
36 thermocouples. Six thermocouples were used to measure temperature of cooling air flowing from
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