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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric - English 

Symbol 

Unit Abbrevia- Unit Abbrevia-
tion tion 

Length ______ l meter __________________ m foot (or mile) _________ ft. (or mi.) 
Time ________ t second ___ ______________ s second (or hour) _______ sec. (or hr.) 
Force ________ F weight of 1 kilogram _____ kg weight of 1 pOLlnd _____ lb . 

Power __ ____ _ P horsepower (metric) _____ ---------- horsepower _________ --I hp. 
Speed ____ ___ V {kilometers per hOUL _____ k.p.h. miles per hOUL _______ m.p.h. 

meters per second _______ m.p.s. feet per second ________ f.p .s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity=9.80665 

m/s2 or 32.1740 ft./sec. 2 

liV 
Mass=-g 
Moment of inertia=mP. (Indicate axis of 

radius of gYl'ation k by proper subscript.) 
Coefficient of viscosity 

v, Kinematic viscosity 
p, D ensity (mass per unit volume) 
Standard density of dry air, 0.12497 kg_m-4_s2 at 

15° C. and 760 rom; or 0.002378 Ib.-ft.-4 sec.2 

Specific weight of "standard" air, l.2255 kg/ms or 
0.07651 lb. /cu. ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressUTe=~p V2 

Lift, absolute coefficient OL=:S 

Drag, absolute coefficient OD= ~ 

Profile drag, absolute coefficient ODO=~S 

Induced drag, absolute coefficient ODI= ~s 

Parasite drag, absolute coefficient ODlI=~S 

Cross-wind force, absolute coefficient 00 = q~ 

~w, 

Q, 
n, 

Vl 
p-' 

/J. 

Angle of setting of wmgs (relative to thrust 
line) 

Angle of stabilizer setting (relative to thTust 
line) 

ResuJ tant moment 
Resultant angular velocity 

Reynolds Number, where l is a lineal' dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal preSSUTe at 15° C., the cor
responding number is 234,000; or for a model 
of 10 em chord, 40 m.p.s., the corresponding 
number is 274,000) 

Center-of-pressUTe coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infmite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measUTed from zero

lift position) 
Flight-path angle 

R, Resultant force 
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REPORT No. 662 

DESIGN OF N. A. C. A. COWLINGS FOR RADIAL AIR-COOLED ENGINES 
By GEORGE W. 'rICKLE 

SUMMARY 

The iriformation on the propeller-cowling-ncLcell com
binations, pre ented in Technical Report No . 592, 593, 
and 596 and in Technical ote No. 620, is alJplied to the 
practical d sign oj N. A . C. A. cowling. The main em
phasis i s placed on the method oj obtaining the dimen ions 
oj the cowling; con equently, the physical junctioning oj 
each part oj the cowling is treated ve7'y briefly. A practical 
method oj designing cowling and om e~camples are pre
sented. 

INTRODUCTION 

"When the radial air-cooled ena-ine wa fb'st intro
duced, the engine cylinder were cooled by expo ing 
them to the air tream. In 1929 the J, A. C, A. re
ported the results of ome te ts (reference 1 and 2) in 
which the cylinders were enolo ed by a sheet-metal ring 
or cowling, which became known a the « . A. C. A. 
cowling." Tbis cowling re luced the drag of the radial 
engine to Ie than one-fifth it original value and ga e 
ufficient cooling for flight operation. In order to im

prove the cooling obtainable with tbis cowling, deflec
tor or baffles were u ed to o-uid e the air olo e to the 
cylinders. With the combination of baffies and cowl
ing, a large gain over the exposed engine in both cooling 
and drag wa realized. At thi tage of the develop
ment, cut-and-try methods were largely u ed in cowling 
de ign. Often a upposed improvement in de ign 
resulted in a decrease in performance and cooling. 

A very comprehensive inve tigation of the cowling 
and cooling problem wa made by th . A. C. . in 
1935. The general purpose of tbis investigation was to 
furni h information on the physical functioning of the 
propeller-nacelle-cowling unit under variou conditions 
of flight operation. The information obtained (refer
ence 3, 4, 5, and 6) embodies the detailed principle of 
operation. If a complete under tanding of the cowling 
and cooling problem is obtained, the problem of the 
dimen ions of the installation i a very simple one. 

uch an under tanding may be obtained from the funda
mental principle of cowling operation presented in ref
erences 3 to 6. Ina much as the de igner of an airplane 
has neither the time nor the opportunity to acquire a 

detailed knowledge of every part of the airplane, he 
want a simple method of obtaining the optimum cowl
ing dimensions and, perhap, ome of the more impor
tant reasons for electing the e limension. It is the 
purpose of thi report to present uch a method and to 
inu trate the method with a di cus ion of practical 
example. 

The de ign of a cowling may be divided into two part: 
(1) The no e section , and (2) the exit lot. Each part 
may be considered separately becau e the function of 
each part are eparate and di tinct. The nose section, 
or leading edge of the cowling, mn t have an opening in 
the center to allow coolino- ail' to enter the engine com
partment and be of such shape that it will moothly 
divide the air entering the cowling from the air going 
around the outside. The exit lot return the cooling 
ail' to the main ail' tream and its area control the 
amount of air flowing around the eno-ine. 

The complement of a good cowling design is a good 
baffie de ign. A brief eli cu ion of baffle design and 
dimension will therefore be given to complete the 
unaly i of the design problem. 

DESIGN Dr CUSSION 

THE OSE ECTION 

Figure 1 (from reference 3) i a portion of a motion
picture film of moke flowing over the nose of an 

. A. C. A. cowling. Three ignificant fact can be 
di cerned from this figure: (1) The direction of the air 
stream immediately in front of the cowling is almo t 
radial ; (2) the percentage of the main air stream that 
enters the cowling i very small, a can be observed by 
noting the di tance between the nozzle producing the 
moke and a traight line drawn through the engine 

propeller- haft n.xis; and (3) the velocity in ide the nose 
of the cowling i low, hown by the way the moke 
accumulate in this region. The e photographs are for 
the condition of propeller off. It has been hown (ref
erence 3), however, that the ame condi tion exist with 
propeller on. 

In term of de ign condition, these condition indi
cate that: (1) The contour of the no e hape must meet 
the local radial air flow and have a large enough radiu 
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of curvature to aHo.v the flow to follow the hape 
smoothly and efficiently until it i flowing parallel to 
th e main ail' tream; and (2) the shape of the in ide of 
the cowling or of anything located in ide the nose of the 
cowling i unimportant, for the velocity i low i.n tbis 
r eo-ion. Th e bape of the in ide of th no e being unim
portant, the only nece sary climen ions for the design 
of the no e section are those of the outside contour. 
\\ ell-de igned nose ection mu t therefore have a 
change in angular direction of approximately 90°. The 
curvature i determi.ned by the length in wbich tIlls 
angular change take place and is governed by the dis
tance between the engine rocker boxe and the trfl iling 
edge of the propeller . The two designs giyen in figure 
2 are the bes t contours for their particular dimension 
and cover the normal variation of 1 ngth a encountered 
in practice. E i ther design may be used with almo t 
identical re ults at speed below 350 miles per hour. 
lbove that peed, no eli recommended , as the maxi
mum local v locity produced by tIll cowling i les than 
that for nose 2 and, if the local velocitie exceed the 
velocity of ound, the drag of t he cowling will be multi
plied many time . 

THE EXIT LOT 

The im portant factors in the de ign of an efficient exit 
slot are the sh fl.pe and the area of the exit pa age. The 
hape determines the efficiency of the slot; and the area, 

the pres ure available for cooling the engine. The e:-..':it 
pa, sage should be smooth , with a gradually dimini hing 
area 0 that the cooling air will have a ma};:i.mum peed 
at the exit, and hould be of ueh hape a to give till 
air a dire tion parallel to the d i.rection of the outside 
flow . For maximum efficiency in mixing the two air 
tream ,the treamlines of the outside flow should be 
traight a they pas the ex-it pas age. An example of 

a good exit pa sage i given in figure 2. 
The conductivity of the e:-..'it lo t may be repre ented 

by the ratio of its area to the frontal area of the engine. 

area of exi t slot 
F 

In like manner the conductivity of th e ngine may 
be defined a th e ratio of the "equivalent leak area" 
and the fron tal area of the engine. 

where 

J(= Q 

FV~~ 
equivalent; leak area 

F 

Q 

~
Q =equivalent leak area 
2/J.p 

p 

L 0 FIGURE I.-Smoke flow over the nose of an K. A. C. A. cowling. Q, quantity of air flowing through the engme. 

~ ------ ~--~--- --- -~ -- --.~- -- ---

I 
J 

i ___ J 



DE, I GN OF N. A . C . A . COWLl GS FOR RADIAL AlR- C OLED ENGINE 3 

,(; ,Prope ller , 

r 
Nose / 

Position 2 

Sk-;:;; Con 
'·-Area-c.5 K F 

-'1 
I 
I _"._ 

Li 
I-_. ___ -'I __ ~'\_: __ /-___ _ 

A 
( 
I 

~ --, 
I 

\\-~ 
II 
II 
II I: 
" ", ~_ ...J.o 

Skir t.? 

_ =5.:.r -

Position I 

Positi on 2 

Posit-ion 3 

Nose / 

___ t_a_tio,n ______ 1 _____ 3_1 __ 4. ___ 5 ___ 6 ___ 7 ______ 9 ___ 10 ___ 11 ___ 12 ___ 13 ___ 14_ 

b/A o .01 .02 .04 .06 .0 .10 .13 .15 .1 6 .19 .22 .25 .2 

a/A I alA 
ose 1 ___ _ _ 

Nose 2 ____ _ 
.759 
.82'1 

21 --.-4-7 --.-3 ~---:-;;~~~ .970 ~~I~~ 
5 .91l . 9~ 5 . 967 . 982 . 990 . 993 1.00 ______ _________ ____ ______________________________ _ 

FI GURE 2.- Diagrammatic sketch of T. A. O. A. cowlings. 

V, velocity of the air tream. 
q, dynamic pressure of the air stream. 

D.p , the pres ure drop acros the enoine baffie 
F, the frontal ar a of the engine. 
p, density of the air. 

The equivalent leak area may be experimentally de
termined by mea urement of the volume of air flowin g 
through the engine and the pres nre drop acros the 
baffie. If these m a ur ments cannot be made, an 
appro)"-imate determination of the equivalent leak area 
can be sub tituted. The equivalent leak area i 
equal to the geometric leak area multiplied by an orifice 
coefficient ranging from 0.65 fo r a poody de igned 
baffie exit to O. 5 for a good exi t . ( ee reference 5. ) 

From reference 3 the use of the total available pre -
ure aero s the cowlino- i governed by the e two 

quantiti s in accordance with the following formula: 

D.P (Q )2[ 1 1 ] -q= FV r+K22 

\vhere D.P i the total available preSSLU-e aero s the 
cowling. 

From reference 3 

By ubstitution 

For the u ual type of cowling, D.Pjq i nearly equal 
to unity. It is therefore po sible to determine the 
D.p /q available aero the eno-ine from a knowl dge of 
the ratio K /K2 • 
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FIGURE 3.-Relationship of tJ.p{q and 1({1(, for a slot design as shown in figure 2. 

A plot showing the relationship of the e quantities 
is given in figure 3. The solid line i for normal cowl
ing that have an available t:.P/q of unity, and the 
dotted part is an extrapolation to an eA'}) erimen tal 
point obtained with cowling flaps. 
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FIGURE 4.-Relationship of air speed and q for standard conditions. 

Figure 4 i a plot of dynamic pressure q acyainst air 
speed. It has been hown from te t that a fixed exit 
lot will give a constant t:.p /q regardless of air speed. 

Figure 5 is a plot of th power requi.red for tanclard 
air conditions for cooling an engine of 52-inch diameter 
for which K = 0.05. The plot represent two types of 
e~rit slot that will furnish a t:.p equal to 20 pounds per 

quare foot at a climbing speed of 100 miles pel' hour. 
The fixed-slot de ign will giv thi ame t:.p /q, which is 
equal to 0.7 , at the higher peeds and consequently 
will overcool the engine at a large expenditure of un
nece sary power. The controllable- lot design will 
furnish the same t:.p regardless of speed and the enor
mou aving in power can be noted from the curve. 

ln order to maintain a :£L..;:ed pressure drop acros the 
baftles, it i necessary to have an exit slot of variable 
area. Two methods of varying this area are: (1) By 
moving the skirt forward and backward, as skirt 1 (fig. 
2); and (2) by the use of cowl flaps that open outward, 
a skirt 2, position 3. Method (1) has the distinct 
advantage of maintaining a good lot de ign by a varia
tion of area. A maximum t:.p /q=--= 1.0 i available, which 
will furnish ufficient cooling for most commercial de
signs and also for many military design. If cowl flaps 
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~'lG UHE 5.-Comparison of power ex pended for cooling with fixed-slot and control
lable-slot designs. 

are used, a shown in figure 2, the lot efficiency i not 
so high faT large areas but there i about a 30-percent 
increa e in the available pres ure drop for cooli.ng for 
the low-speed climbiDCY condition. If cooling on the 
ground, or on the water, is a difficult problem, a com
bination of the two methods (skirt 2) will give the best 
results. 

COWLING D R AG 

The co t of cooling an enCYine wa evaluated by plot
tino· test data, taken from reference 3, to show the 
cooling drag a sociated with the flow of air through the 
cowling, t:.CD=CD-CDO' where ODO is the drag coeffi
cient of a cowling that has a clo ed kirt smoothly 
fa ired into the nacelle, or the CD obtained with zero 
cooling air. 

Figure 6 is a plot of b..p/q against t:.CD taken from a 
eros plot of the re ults pre ented in reference 3. It 
covers all the normal conductivities encolmtered with 
baffied engines and shows the increa e in drag due to 
pumping the air through the engme. This value of 

I 
__ - - ______ - - ____ ~ __________ ~ __________ -----------------.-.1 
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flCD should remain nearly constant for any well-designed 
exit lot, regardless of the interference drag of wing or 
fuselage near the nacelle. The power required for 
cooling may be determined by the u e of figure 4 and 
6 and the equation 

or 

Power = flG.DqFV 

pFVS 
hp. = flCD2 550 

The total drag of a nacell alone is ubject to inter
ference corrections, determined by the location of the 
engine on the airplane. 1£ the cowling i mounted on 
the wing of an airplane, the interference drag can be 
computed from references 7 and 8, which give data for a 
ratio of wing thicknes to nacelle diameter of 60 percent. 
As the wing thiclme s becomes more nearly equal to 
the nacelle diameter, as i the case for many modern 
airplanes, the interference correction will become larger, 
reducing the nacelle drag even more than i indicated 
in references 7 and 8. 

M01.mting an N. A. O. A. cowling on the front of a 
fuselage is imilar to mounting it on the front of a 
nacelle. If the drag of the nacelle or fuselage wi th a 
treamline nose hape is known, the additional drag 

cau ed by adding a cowling can be computed from test 
data. R eference 3 gives CD = 0.0861 for the nacelle 
with a streamline nose and 0.1193 for the ame nacelle 
with an . A. O. A. cowling and zero cooling air. The 
difference between these two values, CD = 0.0332, is the 
CD added by the cowling. As the only change is that 
of the nose hape, the ame increment of drag can be 
expected when a cowling is placed on the front of a 
fuselage. It hould be noted that the value is 

where F is the frontal area of the engine. 
The performance for the condition 'without the pro

peller has thus far been discu sed. The tests of refer
ences 3 to 6 were made with propellers and the net 
efficiencies of the combinations were determined. I t 
has been shown (reference 3) that the be t cowling 
without a propeller is also best with a propeller. 

Mounting the nacelle in front of a wing introduces 
interference effects that are of the order of half the 
drag of the well-designed nacelle alone. T ests have 
been made of many combinations of cow1ings, propel
lers, nacelles, and wing (references 7 and 8) to deter
mine the best location of the nacelle with reference to 
the wing. Although the best location determined in 
those tests probably remains the same, the magnitude 

of the interference is changed by the relative izes of 
the nacelle and the wing and by the drag of the nacelle. 
Interference tests are nece sary for wing of a truclmes 
equal to or greater than the nacelle diameter. The 
basic nacelle without cooling air should be te ted so 
that a change in the amolmt of COO1ll1g air, due to 
changing the location of the nacelle, would not affect 
the result . uch tests are being planned; they hould 
help evaluate the performance of the units of cowlings, 
propellers, nacelles, and wings that are encountered in 
modern aiJ:planes. 

It should be pointed out that the interference does 
not affect the desio'n of the best cowling for a given 
engine. The cooling drag can ea ily be computed and 
will not eriously affect the interference drag. 
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COMMON M ISCO CEPTIONS REGARDIr G EXIT SLOTS 

Thus far, the discussion has dealt with the "ideal" 
exit slot. Poorly de igned exit slots will now be dis
cussed and ome sugge tion for improvement will be 
given. 

The practice of placing the exhaust collector ring 
at the exit of the slot (fig. 7 (a) greatly increases the 
dTag and has little to recommend it as a means of keep
ing the exhaust heat from the acces ory compartment. 
The two exit slo ts illu trated would provide equal cool
ing pres ure for the engine but the drag of the poor 
shape would be much higher than that of the improved 
design. The amount of exhaust heat reaching the 
accessory compar tment would be almost equal in the 
two cases, because the radiated heat from the exhaust 
ring is constant and the induced flow pa t the rinD' i 
ufficient in both ca es to keep any heat from entering 

the acce sory compartment by conduction . 
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The practice of keeping the frontal area of the engine 
cowling small when the COWmlO' i placed on the front 
of a large Iu elage (fig. 7 (b)) i very detrimental to the 
available cooling pre m e and doe not decrea e the 
drag. If the lot i located in front of a large ob true
tion, the static pre me at the lot will be high and 
very poor cooling will r e ult. This fact is especially 
true at low air peeds and at large propeller thrust. 

(aI LD [ _lJ 
Poor Improvement 

(b

1E3 Ee 
Poor Improvement 

Location of ex it slot close to wing, 

(d1k?:]OJ 
Poor Improvement 

Poor Improvement 
FIGURE 7.- E xamples of exit-sloL designs someLimes seen in practice. 

For one au'plane, the ground cooling pl'essm e wa zero 
'with the slot located Ul a much smaller c1epre sion than 
that hown. In many in tallations, only part of the 
slot i located in front of an obstruction. Thi condi
tion may give rise to a reversal of flow in the slot and 
produce a circulation within the slot itself. The 
remedy in this ea e would be to close the slot Ul the 
high-pre sure r egion and to provide the required area 
in the unob tructed rcgion . Flap are sometune put 

on the cowling skirt to improve the cooling for this 
condition. Theil' effectivene s is greatly reduced if 
not eliminated, however, owing to the low velocity 
caused by the obstruction. 

If the nacelle i mounted in front of a wing (fig. 7 (c)), 
the flow over the wing will affect the tatic pres ure of 
the main air tream at the exit slo t. If it is located 
clo e to the leading edge of the wing, the pres m e dis
tribution over the wing will largely determine the tatic 
pres me. For example, on the top of the nacelle and 
wing the static pre sure will be negative, immediately 
in front of the leading edge the tatic pre sme will be 
nearly equal to q, and below the wing the tatic pre U1'e 
will be positive. As the nacelle i moved farther for
ward, this effect will be diminished. In the design of 
the exit slot, these factor hould be con idered. If a 
part of the lot is opened in a region of high positive 
pres ur and part in a region of low pre lU'es, a cU'cu
lation of air occurs within the lot itself. The au' enters 
the lo t in the high-pres ure region and i expelled in 
the low-pressure region, causing a needless loss of energy 
and a reduction in the ability of the slot to induce flOW 
through the cowling. 

The long umer cowling that extend through the 
cylinders t o the hont of the cowling (fig. 7 (d)) is a 
needle weight an 1 complication and ~ha a detl'llnental 
efl'ect on the cooling of the crankca e. The improved 
hape hown in figure 7 (el) is equally ffective and i 

much simpler to construct. There i no advantage in 
extending the iJmer cowling beyond the plane Ul which 
the cross- ectional n,rea of the exit pa sage i three times 
the area of the exit slot. 

Certain designer believe that the mo t efficient kil't 
design i one havulg a malleI' diameter at the exi t than 
the ma.ximum cowling diameter (fig . 7 (e)) . This idea 
arose from the practice of comparing the performance of 
exit lot 'without consic1 erulO' the available COOIUlg 
pres m e. T est re ults (reference 3) how that this 
conception i wrong and that the best skir t design i one 
for which the streamlines of the main air flow are 
straight. 

l1any misconceptions with r egard to skirt and slot 
design prevail because te ts have not been compared 
on the basis of equal cooling. The exit pa sage having 
a mooth contour that speed up the au' to a maximum 
at the exit and gives i t a clu'ection parallel to the maUl 
air tream is the most efficient. kirt 1 (fig. 2) will 
gi,-e maAwum efficiency at any cooling with a ufficient 
range of cooling for mo t airplane de igns. kirt 2 
pl'o,-ides maximum effwiency for condition where effi
ciency i the controlling design factor andm ax-unum cool
ing for the condition of low-speed oper(1tion where 
maxuuum cooling is the con trolling de ign factor. 
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DESIGN OF N. A. C. A. COWLINGS FOR RADIAL AIR- COOLED ENGINES 

BAFFLE DESIG N 

In the design of a cowlUJg, a certain pre ure drop 
aero the cylinder is made a\~ailable. Baffle hould 
be de ignecl to make the best use of this avail able pres-
ure drop for cooling. The best batHes cau e the 

greate t amolmt of heat to be carried away from the 
cylinder fins and maintain an even temperature 
distribu tion. 

The correct baffle and the IIp required for adequate 
cooling at any power may be detennined for any engine. 
All other engine of the same pecifications will require 
the same pre UTe drop and baffies . Thu the de igning 
of baffl es i a problem for the engine manufacturer and 
the solu tion hould be furnished a part of the standard 
engine elata. The front of tbe engine cylinder is cooled 
in flight by large-scale turbulence; therefore it i im
portant that the determination of the required IIp be 
made either in flight tests or in te ts imulat.i.ng flight 
conditions. If this tUTbulence is not present in the 
test determination of IIp, the pre. ure drop required for 
adequate cooling will be too large. 

The front part of the engine cylind er should be left 
entirely free of baffle to allow th.i tUTbulent au' to 
come in contact with the cylinder fins. The amount of 
the cylinder that can be atisfactorily cooled by this 
low-velocity, highly tUTbulent air i a little Ullcertain. 
It i known that at lea t the front half of the cylinder 
hould be left open to this turbulent cooling air ; per

hap even more of the cylinder can be 0 cooled. 
In the de ign of the be t baffl e to cool the rear half 

01' the cylinder , the work reported in reference 5 i very 
helpful. The preliminary baffies de igned for a new 
engule should be tightly fitting; they should have a 
rear openinO' approximately 1.4 time the free area 
between the fins , a bend at the exit having a radiu 
equal to the fin depth, and as long an expanding duct 
a is practicable for the given in tallation. The 
included angle between the ide of the expan ion 
duct hould not be more than 20°. ( ee 6g. .) The 
temperature distribution around the cylinder or over 
the head houlel be determined for thi bame. If this 
distribution is not atisfactory, it may be improved by 
fi sui table alteration in the baffle. For example, if the 
tightly fitting bame gives a temperature too low at the 
baffle entrance and too high at the rear of the cylinder, 
the baffle may be moved away from the .6ns at the front 
~l.l1d a higher yelocity to cool the rear of tbe cylinder 
willl'e ult. (ee reference 5.) 

The ame principle apply to the baming of a double
I'O\Y radial engule. The rear bank of cylinders i cooled 
in the same manner as the front bank. The front of the 
cylind er hould be left a open a pos ible to allow the 
turbulent cooling on the front to have free acce s to the 
cylinder.6n. An example of a o'ooel bame design for a 

Section N-N 

Secf/on y-y 

SectiOn X-X 

y 

I 

F IG URE S.- Typical ba lIle design for a cylinder of a radial engine. 

7 
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FIGUln: 9.- BatHe design for a double·row radial ellgine. 

double-row radial engine is given in figUTe 9. The 
straight portion between the exit of the front baffle and 
the entrance to the rear baffle can be varied in length 
to accommodate the change in distance between the 
cylinders as the radius is varied. 

The application of the design di cussion will be illus
trated by two examples . 

EXAMPLE I 

DESIGN COMP UTATIO S 

Airplane type: Oommercialland monoplane. 
Jumber of engines: 2. 

Oruising speed of airplane: 200 m. p . h. 
Olimbing speed of airplane: 170 m. p . h. 
Engine diameter: 51?{6 in. 
Engine power: 550 hp . at 2,200 r. p . m. 
Number of cylinders: 9. 
Type of baffle: Oommercial. 
Propeller drive: Geared. 
Maximum wing tillckne s at engine location: 30 in. 
The engine specifications of this de ign were pUT-

po ely made the same as those of the engine reported 
in reference 6 in order to illustrate the knowledge of 
the engine necessary for an intelligent de ign. From 
reference 6, the engine has a conductivity of 0.06 and 
requires a 6p of 25 pounds per quare foot for ade-

quate cooling at full power. The e value complete the 
information nece sary for de ign . 

Inasmuch as the engine i geared, the clearance be
tween the cylinders and the propeller is sufficient to 
allow nose 1 to be used. The minimum cowling cliam
eter (A, fig . 2) that can be used for till engine i 52 
inches. The ordinate of the nose section calculated 
from figure 2 are as follows: 

Station b a Stat ion b a Station b a 
(in.) (in .) (in.) (in.) (in .) (in.) 

------. --
L _______ 0 39.5 6 __ ___ _____ 4.16 48. 4 11 _______ __ 9. S 51.3 2 __ ______ .52 '12.7 7 __ ________ 5.20 49.2 12 ___ __ ____ 11. 44 51. 7 3 ________ 1.04 44.0 8 ________ __ 6.76 50.2 13 _________ 13.00 51. 9 4 ________ 2.08 45.9 9 __________ 7.80 50.6 14 __ ___ __ __ 14.56 5Z.0 5 _____ ___ 3.12 47.3 10 __ _____ __ 8. 32 50.9 

It i de irable to locate the exit lot in a nonexpand
ing flow; the maximum cowling diameter should there
fore not be decrea ed before the end of the exit pas age. 
From that point the nacelle should fair smoothly into 
the wing sUTface, care being taken to keep the angle of 
convergence small to prevent any breakaway of flow. 

J ext compu te the dimensions of the slot. 
From figure 4 

qat 200 m. p. h. = 102.5 lb. / q. ft . 
qat 170 m. p. h .= 74 lb ./sq. ft. 

I 

I 
i 

I 
I 

- - -.--~ - - - - - - - - -- - - - - - - -------~------- --------------------------~ 
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Then 

f>.p =0.24 and 0.34, respectively. 
q 

:B rom figurp. 3 

I~= 1.7 and 1.40, re pectively. 

Given 
K = 0.06. 

Then 
K 0.06 

K2=K/K 2 = U = 0.034 at 200 m. p. h. 
and 

=~:~~=0.043 at 170 m . p. h. 

The area of the slo t is 
J(2F'= 0.034 X 14.75= 0.50 sq. ft. 

and 
=0.043 X I4.75 = 0.63 q. ft. 

The di tance around the nacelle i 527r= 163 in. 
If the slot extended completely around the nacelle, the 
openinO"s would be approximately 0.50 X I44/163 = 0.44 
inch for cruiing and 0.63 X I44/163 = 0.56 inch for 
climbing. 

A uch a mall area i required for cooling, it may 
be desirable to exhau t all the air over the upper surface 
of the wing. If the slot is extended halfway around the 
nacelle, the opening will be doubled. For ground 
operation, the kirt can be moved forward approxi
mately 6 inches, giving an effective opening of approxi
mately 3 inche. The lot area would then be 

3 163 
144 X T = 1.7 q. ft. 

or 

and 
K 0.06 

J(2 =0.115 = 0.52 

From figure 3, the available f>. p /q= 0.7 , or sufficient 
cooling would be available at 

q=25 l~ .. ~ q. ft. = 32Ib.fsq. ft. 

which correspond to an air peed of 113 miles per hour. 
I t i probable that more coolinO" will be obtained than 

i. hown by this computation for low peed, which 
as ume an available pre sure drop acro the entire 
cowling equal to the dynamic pre sure of the air stream. 
With the slot located above the wing and in the pro
peller lipstream, the pres me available for cooling at 
low air speed will probably be increa ed in the order 
of 10 percent. 

DRAG 0 1PUTATlONS 

The drag a. sociated with the de ign must now be 
computed . Th e drag may be divided into two paris: 
(1) the cooling drag defined in the discu sion as t.OD, 

and (2) the ba i drag or the drag of tll basic shape of 
the cowling without cooling air flowing through it. 

Cooling drag,- From figure 6, where 

f>. p = 0.24 and J(= 0.06 
q 

f>. OD = 0.006 
f>.D = O.OOG X 102.5 X 14.75= 9 lb. 

and where 

t. p = 0.34 an 1 J(= 0.06 
q 

t.OD= 0.012 
f>.D = 0.012 X 74X 14 .7 5= 13 lb. 

Tho cooling hor epower for 200 mile per hour 
_ f>.ODgF'T 
- 375 

0.006 X 102.5 X 14.75 X 200 
375 5 hp. 

and for 170 mile per how' 

0.012 X 74X 14.75 X 170 _ G 1 
375 - lp. 

Drag of the basic shap e. The computfition of the 
drag of the ba ic cowling hape is a little more difficult 
and indirect; i t depends on the interrelation of the 
nacelle, the propeller, and the wing. A r01lO"h e tima~ 
tion of this drag will be made in order to illustrate the 
example, but any particular ca e will require more 
detailed analysis of all the component part . 

The po ition as indicated in figure 2 wa chosen from 
reference 7 a the mo t efficient location of the nacelle 
on the wing. The drag coefficient of the ba ic hape of 
the nacelle alone is given a ODo= 0.1193. From refer
ence 7, table XI, the effective nacelle drag divided by 
the drag of the nacelle alone equals 3 percent, or 

effective ODo= 0.3 (0. 1193)= 0.045 
which gives a ba ic drag at 200 mile per hour of 

Do= 0.045 X 102.5 X 14.75= 6 lb. 
or total drag D = D o+ t.D = 6 + 9= 77lb. 
The power required to overcome this draO" is: 

DV 77 X 200 
hp' = 375 375 = 41 hp. 

The primary purpose of this report i to pre nt a 
method of obtaining the best cowling and not to pre ent 
a method of performance calculation ; the intricate 
performance problem of propeller, nacelle, and winO" 
will therefore not be di cus eel further . 

EXAMPLE II 

DESIG COMP TATIONS 

Airplane type: Military pur uii lanclplane. 
N umber of engine : l. 
Top peed of airplane: 300 m. p. h. 
Climbing peed: 150 m. p . b. 

~----- ---~~-- --- ------- -~----- ---~ 
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Ena-ine diameter: 54Yz in. 
Engine power : 

Take-off: 1,000 hp . at 2,100 1'. p. m. 
Continuou: 50 hp. at 2,100 r. p . m. 
Cruising: 600 hp. at 1,900 r. p. m. 

umber of cylinders: 9. 
Type of baffie: ommercial. 
Propeller drive: Geared. 
Maximum diameter of fu elag : 5 ft. 
K =0.10. 
Required .c:.p=40 lb./ q. ft. 
The design of the no e ection will be similar to 

example I; the ordinate are given in the followina table. 
The minimum cowlin g diameter that will enclo e the 
ena-me 1 55 inches. 

6 a 
(in .) (ic .) Station tatioD b 

(in .) 
a 

(in .) Station b 
(in.) 

------- ---- ----11----1--
L __ ____ 0 4l.i 6 ___ _______ 4. 40 51. 2 1L ________ 10. 45 2 _______ .55 45.2 7 __________ 5.50 52.1 12 __ _______ 12. 10 3 ____ ___ 1.10 46.6 9:::::::::: 7. 15 53.1 13 ___ ______ 13.75 L ______ 2.20 4 . 6 8. 25 53. 6 1L ________ 15.40 5 ____ ___ 3. 30 50.0 10 _________ 0 53. 8 

The computations for the slot dimension are: 
From figure 4 

Given 

Then 

qat 300 m. p. h. = 230 lb. /sq. It. 
qat 150 m. p . h. = 5 lb. /sq. ft. 

6p = 40 lb. / q. ft. 

6p _ 40 _ 
qat 300 m. p. h.- 230 - 0.17. 

.c:. p _ 40 _ 
- at 150 Ill. p. h. -~-0.69. q D 

From figure 3 

K 
K 2 = 2.23 an d 0.66, respectively. 

Given 

Then 

and 

J{= 0.10. 

K2=~:~~= 0.045 at 300 m. p . h. 

=~:~~= 0 . 15 at 150 m. I) . h . 

Area of slot 
552 7r ~ 

K 2F= 0.045X 1444= 0.045 X 16.0 

= 0.74 q. ft. at 300 m. p. h. 
an l 

0.15 X 16.5= 2.4 sq. f . at 150 m. p. h. 

a 
(in.) 

5-1. 3 
54. 7 
5-1 . 9 
55.0 

I 

. lot area 144 X O.74 10 t openma = -.,-. ----,,-----
b ClrcLlmference 557r 

= 0.62 in. at 300 m. p . h. 
and 

144 X 2.4 
55 7r = 2.07 in. at 150 m. p. h . 

DRAG COMPUTATION 

Cooling drag.- From figure 6 

and 

at 6p/q= 0.17 and K = 0.10 
6 0 D = 0.0067 

at 6p/q= 0.G9 and K = O.lO 
6 0 D =0.052 
6D=60DqF=0.0067 X 230 X 16.5 = ~5 lb. 

6D = 0.052 X 5 X 16.5 =50 lb . 

. 25 X 300 
The cooling power = 375 20 hp. 

and 

50 X 150 ')0 h 
375 ~ p. 

Drag of the basic shape.- The basic drag of the 
engine cowling can be computed quite accurately if 
the value of the drag of the airplane with. a treamline 
no e shape i known. 

In reference 3, the drag coefficient for the nacelle 
with treamline no e hape i aiven a OD= O.O 61 and 
the drag coefficient for the arne nacelle, ith an engine 
cowling on the front and zero cooling air is OD= 0.1193. 
The clifi'el'ence between the e two coefficient, 0.1193-
0.0 61 =0.0332, i the drag coefficient corre ponding 
to the in rea e in drag due to the cowling. 

Thi arne increase in drag could be expected when 
an engine cowling replace the streamline no e of the 
Iu elaae. The addi tional drag of the airplane clue to 
the cowling is then 

0.0332qF= 0.0332 X 230 X 16.5= 1261b. 
and 

0.0332 X 5 X 16.5 = 32 lb. 

The total cowling draa- at 300 rn. p. h. i 

Basic drag + cooling drag = 126 + 25 = 151 lb. 

and at 150 rn. p. h. = 32 + 50 = 2 lb. 

Some additional example are pre ented in table 1. 
Only the cooling drag an 1 hoI' epower are aiven in the 
table because the computation of the ba ic drag depends 
on many factor not ea ily computed. 

I 

1 --------- ---------------------------- ------~------- -----------' 
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CO CLUDING REMARKS 

1. The ordinate for two nose shapes that can be 
applied to most cowling de ign are given. 

2. A method of obtaining the dimensions of the exit 
of a cowling is presented. 

3. An evaluation of the increment of drag associated 
with the flow of coolino' air through the engine i given. 

4. An evaluation of the increment of drag a socia ted 
with the addition of an engine cowling to the nose of a 
treamline fu lage is given. 

L ANGLEY IVI EMORIAL A ERONAUTI CAL LABORATORY, 

NATIONAL ADVISORY COMMI1"l.'EE FOR AERONAUTICS, 

LANGLEY FIELD, VA., lv1arch 5,1938. 
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TABLE I.-EXAMPLES F COWLING DESIGN 

Given Level !light 

Top t>P 
Climb- hp. to Area 

speed (lb . ing g (lb. t>p cool for Ie of slot I( speed per t> CD F= (m.p. per (m.p. sq. ft .) q 14.75 Ki (sQ. 
b.) sq. ft. ) h. ) sQ. ft. fl. ) 

- --------------------- - ---
I 
2 
3 
4 
5 
6 
7 

9 

I SO 
150 
230 
230 
230 
300 
300 
300 
300 

q 
(lb. per 
Sq. ft. ) 

1 31 
2 31 
3 37 

14 37 
5 37 
6 58 

Ii ~ 
I Flaps . 

20 
40 
20 
40 
60 
20 
40 
60 
0 

O· 05 
.10 
.05 
. 10 
.10 
.05 
.10 
.10 
.10 

0.65 
1. 29 
.M 

1.15 

110 
110 
120 
120 
120 
150 
150 
150 
ISO 

~~ 0. 35 0.010 
.70 .054 

135 .15 .002 
135 . 30 .015 
135 .44 .026 
230 . 09 .001 
230 .17 .007 
230 .26 .012 
230 . 35 .019 

Climb 

0.030 

.022 

. 217 

hp. to 
cool fo r 
F=14.75 

SQ . ft. 

4 

4 
37 

3 
19 
2 

~~ 
3 

19 
33 
52 

J( 

KI 

0.73 

.92 

.22 

1.37 0.54 
. 65 2. 27 

2. 42 .30 
1.53 .96 
1.12 1.32 
3. 15 . 23 
2.33 .66 
1.69 7 
1. 37 I. 08 

Area 01 
slot 

(sq. ft.) 

1. 01 

. 0 
6. 71 

.35 .010 3 1. 37 .54 

. 70 .05'1 19 .65 2.27 
1.04 . 134 46 . 31 4.76 1. 39 ______________________________ __ _____ ---- -- ____ __ 

U. s. GOVEflHM£tn I'RItHIHG OFFICE: 1939 



---~ ---------- ---------~--"----------~- ~ ----'----~--- -- ---



I 

J 





y 

~.----- ----~-----.... -

z 
Positive directions of axes and angles (forces and moments) are shown by arrows 

A.'cis Moment about axis Angle Velocities 

Force 
(parallel 

Designation Sym- to axis) Designation bol symbol 

LougitudinaL ____ X X Rolling _____ 
LateraL __ _______ y y Pllching ____ 
NormaL ________ _ Z Z yawing ____ 

Absolute coefficients of moment 
L M 

GI=qbS Gm=qcS 
(rolling) (pitching) 

Linear 
Sym- P ositive D esigna- Sym- (com po- Angular bol 

L 
M 
N 

direction tion bol nent along 
axis) 

--
Y------)Z Roll _____ q, u p 
Z------)X Pitch ____ () v q 
X------) Y yaw ___ __ 

'" 
w r 

Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
T~/, 

V" 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ra.tio 
Inflow ,elocity 
Slipstream velocity 

Thrust, absolute coefficient Gr= ~ n4 
pn LF 

Torque, absolute coefficient CQ= ~ n . 
pn LF 

P, 

a" 
"I, 
n, 

1>, 

Power, absolute coefficient Cp = ~nr. 
pnLF 

Speed-power coefficient=-\! ~~: 
Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle=tan-{2!n) 

5. NUMERICAL RELATIONS 

1 hp.=76.04 kg-m/s=550 ft-Ib .fsec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h.=0.4470 m.p.s. 
1 m.p.8.=2.2369 m.p.h. 

1 Ib.=0.4536 kg. 
1 kg=2.2046 lb . 
1 mi.=1,609.35 m=5,2BO ft. 
1 m=3.2BOB ft. 




