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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.) 
Ti me ________ t second ___ ______________ s second (or hour) _______ sec. (or hr.) 
Force ________ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 

Power _______ P horsepower (metric) _____ ---------- horsepower ___________ hp. 
Speed ___ ____ V {kilometers per hour ______ k.p.h. miles per ho ur' ____ ____ 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 

W Mass=
g 

Moment of inertia=mk2
• (Indicate axis of 

radius of gyration k by proper subscript.) 
Coefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-4-s2 at 

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

Specific weight of "standard" air, 1.2255 kg/m3 or 
0.07651 Ib ./cu. ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure=~p V2 

Lift, absolute coefficient OL = :s 
Drag, absolute coefficient OD= :!s 
Profile drag, absolute coefficient ODO=~S 

Induced drag, absolute coefficient ODt=~S 

Parasite drag, absolute coefficient ODP=~S 

Cross-wind force, absolute coefficient 0 0 = q~ 

i"" 

Q, 
n, 

Vl 
p-' 

J.I. 

Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

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

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

Angle of attack 
Angle of downwash 
Angle of attack, infInite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero

lift position) 
Flight-path angle 

R, Resultant force 
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REPORT No. 680 

THE EFFECT OF NACELLE-PROPELLER DIAMETER RATIO ON BODY INTERFERENCE 
AND ON PROPELLER AND COOLING CHARACTERISTICS 

By JAME S G. M CHUGH and ELDHID GE H. DEllJUNG 

SUMMARY 

An investigation was conducted in the N. A. C. A. 
20-joot tunnel to dete1'1nine the slipstr am drag , the body 
interjerence, and the cooling characteristics oj nacelle
propeller combinations with different ratios oj nacelle 
diameter to propeller diameta. Four combinations oj 
geometrically similar propellers and nacelle, mounted 
on standard wing support , WeTe tested with values oj the 
ratio oj nacelle diamet r to propeller diameter oj 0.25, 0.33, 
and 0.44. 

The results show that (1) the effect oj variation in the 
ratio oj nacelle diameter to propelle1' diameter on propulsive 
efficiency is rIOt important until the nacelle becomes 
approximately one-third oj the propeller dicLmeter but, 
beyond that point, the propul ive efficiency decreases 
rapidly with jurther increa e in relative body size; (2) the 
net efficiency oj a nacelle-propeller combination decrea e 
rapidly with increa ing values oj I.he ratio oj nacelle 
diameter to prop ell l' diameter; (3) the presence oj a 
spinne1' over the propelle1' hub increa e the propul ive 
e:tficiency by an amount va1'ying jrom 1 }~ to 4 percent; and 
(4) the maximum pres ure drop available 'lvith adju table 
cowling flap s i about 20 percent greater than the maximum 
pressure drop available with an ac~iu table-length cowling 
skirt. 

INTRODUCTIO T 

Con iderable information ha recently been made 
available oncerning the propul ive and the cooling 
characteristics of a full- cale air-cooled radial-eno-ine 
nacell -propeller combination having a ratio of the 
nacelle diameter to the propeller cliam tel' of approxi
mately 0.43. Very little information i ayailable con
cerning the effect of variation of that ratio on the slip
stream drag, the body interference, and the efficiencie 
of a propeller-nacelle combination or on the cooling-air
flow characteristic of a nacelle-propeller combination. 

10 t present-day e timates of th e yariation in pro
pulsive effi ciency with the ratio of nacelle diameter to 
prop ller diameter are ba ed on the 1'e ults reported in 
reference 1 and 2. Tho e inve tigation were con
ducted with an uncowled radial engine and low-pitch 
propellers, and the re ults are not applicable to pre ent 
practice. Only a few isola ted te ts are available for 

- -- ---~---

determining the efYect of variation in the ratio of 
nacelle diameter to propell r liameter on the cooling
air-flow characteristics. 

In order to upply additional information on this 
subject, the . A. C. A. has instituted an investio-ation 
of wing-nacelle-propeller interference and cooling cha1'
actel'i tics. The investigation includes: (a) determina
tions of the drag and of the propeller and cooling cha1'
acteri tic of four combinations of geometrically imilar 
model propellers and nacelles having value of the ratio 
of nac lIe diameter to propeller diameter of 0.25, 0.33, 
and 0.44 ; and (b) determinations of the lift, the drag, 
and the propeller and cooling characteristics of the same 
ombination of propellers and nacelle operating in 

conjunction with a 5- by 15-foot . A. C. A. 2301 
airfoil. This report presents the results of part (a); 
part (b) i reported in reference 3. 

The present r eport give the 1"e ults obtarned from 
te ts of geometrically similar 3-blade propellers of 
diameter D of 36 and 4 inche (3 and 4 feet) operating 
in conj Lllction with geometrically imilar nacelles of 
diameter d of 12 and 16 inches, making po sible the diD 
ratio of 0.25 , 0.33, and 0.44 . Results obtained from 
other te ts in which free-propeller conditions w re ap
proached are also presented . The effect of a variation 
in the ratio of nacelle diameter to propeller diameter on 
the propeller characteristics and on the slipstream drag 
a well as the efYect of nacelle interference on propeller 
power and thrust are how11. AI 0 included are the 
re ult of determination of the cooling charaeteri tic 
of all the ombination te ted in addition to eompari on , 
on one nacelle, of adj u table cowling flap with an ad
ju table-length c wling skirt as a means of controlled 
cooling. 

APPARAT S AND METHODS 

The N. A. C. A. 20-foot wind tUlmel in which these 
te t were conducted i described in reference 4. The 
tests were conducted at air peeds from 20 to 80 miles 
per hour. 

Two geometrically imilar heet-aluminum nacelles, 
12 and 1(3 mehe in diameter (fig. 1), with nose 7 of 
reference 5 were ll sed in the investigation. 

1 

_______ I 
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The engine wa simulated by fine-mesh wire creen,:, 
the re i tance of which had been adjusted to give the 
desired conductivity. The conductivity was deteI
mined from meaSUTements of the quantity of air flow 
through the cowling and of the preSSUTe drop across the 

Cowling flop'-'t_ Static pressure 

//-------------'_' ........ "pressure 

// Electric motor "'\ , \ 

--·--------I-------------;E33I'l-
\ 

" 
'" ---------

Wire!- mesh screen Scale, in. bl 16-in. nacelle assem y 
0' 4 8 S ~--.........,:::--__,.-f .. ~ ... "' .... tatic pressure 

/--------- - - . "'-- ····.Jotal pressure 

,'/ ElectriC motor ~\! $"" 
.---t-----------~ .$--

\ /' I' ( . ... , , , ,. 
'------------- ct propelle; 

Wire-mesh sc!reen 

12-in. nacelle assembly 

Spmner used 
wtfh 12-m 
nacelle 

FIGUHE I.- Spinner and nacelle mOdels used in propeller-nacelle investigation. 

creens that simulated the engine. From the e meaSUTe
ments, the conductivity K (reference 5) was fOlmd to 
be 0.0 5 for the 16-inch nacelle and 0.072 for the 12-inch 
nacelle. 

For certain of the te ts, the cowling-exit area of the 
16-inch nacelle was varied both by adju ting the cowling 
flaps (fig. 1) and by reducing the length of the cowlin? 
skirt. 

Two 3-blade propeller , 36 and 4 incbe in diameter, 
having Clark Y sections and geometrically similar to 
propeller 6101 (reference 5) except for variable- instead 
of controllable-pitch hubs, were used in the investiga
tion. The pi tch of both propellers could be ad j u ted by 
tUl'lling the blades in the hub. For the e tests, the 
blades were set at 15°, 20°, 25°, 30°, 35 °, and 40° at 
0.75 of the tip radiu. Characteristic cunes of blade 
width, blade thickness, and pitch di tribution are given 
in figUTe 2. 

The spinner shown in figme 1 wa te ted III con
junction with the 4 -inch propeller and the 12-inch 
nacelle. 

The propellers were driven by a water-cooled alter
natinO'-cunent induction motor, which developed 215 
horsepower at 3,600 r. p . m. CUlTent wa upplied to 
the motor by a variable-frequency alternator and peed 
control was obtained by varying the frequency. The 
power output of the motor was obtained from a cali
bration involving motor torque, revolution peed, and 
active CUTrent. 

The test set-ups were mounted in the air tl'eam on the 
tandard airfoil supports (reference 6) and all thrust, and 

drag forces were mea UTed by automatic recording 
balances on the test-chamber floor. 

For that portion of the test program in which it was 
desired to obtain free-propeller characteristics, the pro
peller was driven through a 3-foot extension shaft. The 
motor with its extension haft was supported between 
the standard airfoil supports as shown in figUTe 3. The 
complete a sembly was shielded from the au: stream by 
a metal fau:ing that was supported from the fixed shields 
around the airfoil support (fig. 4). The characteristics 
of the propell er alone when operating in the presence of 
the nacelles were obtained by attaching the nacelles to 
the exten ion-shaft fairing behind the propeller. 
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FIOUllE 2.- B1ade-form curves for propellers tested. D, diameter; R, radius to the 

tip; T, station radius; b, seclion chord; h, section thickness; p, geometrie piteh; 
{J, blade angle. 

The extension haft was not u ed for the tests of the 
nacelle-propeller units . The motor wa built into tbe 
nacelle and wa upported between the airfoil support 
as shown in figUTe 3. At the beginning of thi part of 
the test program, the upporting strut (which will sub
sequently be called strut 1) was large and made a bad 
intersection with the nacelle, thereby causing eparation 
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The propeller a lone. 

The 12-incb oacelle wiib splD ner . Tbe propeller in tbe presence or ihe 12-inch nacelle. 

The J6-inch nacelle. The propeller in tbe presence of the Hi- incb nacelle. 

FIGUHE 3.-NaceIJe arrangements te,ted . 

Sc ale, in. 

I:r 
32 

mot or 
-r~:::~ 

To balanc e 

FW URE 4.-Set-up (or tests o( free propeller. 

of the air Dow over all that portion of the nacelle behind 
th strut and produclllg umea onably high values of the 
nacelle drag. trut 1 was later repla ed with a much 

smaller strut (subsequently called trut 3), which was 
well filleted at its juncture with the nacelle and which 
gave no indication of cau ing sepa.ration of the air flow 
over the nacelle. 

With each nacelle and cowling arrangement, a te t 
wa made with the prop ller removed. R eadings of 
the drag and of the pre ure drop through the c wling 
were taken at variou air speeds from 20 to 0 miles 
per hour. The propeller w~ then in tailed on the 
motor shaft, and te ts were made with the propeller 
operating. During the e te ts, the propeller r evolu
tion speed was held constant and the air speed was 
varied until the maximum air speed available wa 
reached; the air speed wa. then held con tant and the 
propeller revolution speed was varied to cover the rest 
of the propeller operating range. imultaneous read
ings of power, thrust, r evolution speed, air speed, and 
pre sure drop through the engine were taken at fre
quent intervals. 

___ J 



4 REPOR'£ NO.6 0- rATIO AL ADVISORY COMMITTEE FOR AERONA TI CS 

The tare drag of the upports was determined by 
attaching to the nacelle a ingle dummy trut, geo
metrically imilar to the one that supported the na-
elle. Drag te t were made with and without tho 

dummy strut in place. The tare drag was then de
termined on the nssumption that the increase in hag 
dlle to the pre ence of the dummy strut was one-half 
of the total trut and interference drag. The tarp 
drag with the propeller operatino. ,vas not determined. 

The nacelle arrangement te ted are shown in fIgure 3. 
The varioll combination on which mea urements of 

propeller characteri tic were obtained itre listed in the 
following table. 

Pro· Cowl· 
peller Jacelle di· iog· Dlade aogle at 0.i5R diame- ameter !lap (deg.) ter (in.) angle 
( i ll .) (deg.) 

36 No nacelle .. ---- - --- 15 20 2.1 30 35 41 
36 12 ........... 0 15 20 25 30 35 41 

Motor and supports ~~ 16 ..... . 
No nacelie:: 

0 15 20 25 30 35 41 
shielded . -------- 15 20 25 30 35 41 

U 
12 ........... 0 15 20 25 30 35 41 
16 .. . ...... 0 15 20 25 30 35 41 
16 . .......... 0 15 20 25 30 35 41 
16 ........... 0 l.i 20 25 30 35 41 

Motor and nacelle sup· I ;~ 16 . .......... 5 15 20 25 ---- - - -- ... 
ported by strut l. 

:~ 16 ........... 10 15 20 25 ---- -- -- ... 
16 .... 15 15 20 25 ---- ---- - - .. 

48 16 ..... :::::: 20 15 20 25 ---- -- - - . -. 

1 
~~ 12 ....••.... 0 15 20 25 30 35 41 

Motor and nacelle sup· 12 .......... 0 15 20 25 30 35 41 

ported by strut 3. a ~~ 12 ... ---- - - 0 15 ... 25 -"-- 35 41 
36 16 ... 0 15 20 2.5 30 35 41 
48 16 .... ::::::: 0 15 20 25 30 35 41 

a Wi th spinner. 

In order to determine the relatiye drag and the 
coolu1<Y-air-flow characteri tics of the nacelle when 
the cowling-exit area was varied, ndditional te ts with 
propeller removed were made of the 16-inch nacelle. 
The tests were made with the cowling flaps (fig. 1) 
set at different angles and with a series of cowlings with 
diJIel'ent skirt lengths. 

YMBOLS A D COEFFI CENTS 

Th e symbol and coefficients u ed in the report are 
defined as follow : 

q, dynamic pressure of au' (Xp \12) . 

p, nHl density of au'. 
V, velocity of au' tream. 
n, propeller revolution peel. 
Q, aerodynamic torque of propeller. 

Dn , drag of cowling-nacelle unit with propeller 
removed. 

6D, change Ul body drag due to propeller slip
treum. 

R, net force on thrust balance. 
T, thl"ust of propeller operating in pre ence of 

body (ten ion in crank haft). 
TI> propeller till:u t ill free au' (no body). 

6T, change in propeller thrust due to inDuence 
of body (T- Tf). 

d, diameter of body behind propeller. 
D , diameter of propeller. 

diD, ratio of naeelle diameter to propeller cliam
eter. 

P, power upplied to propeller (2 7rQn) . 
(3, propeller blade angle at 0.75 radius. 

CDn , nacelle drag coefficient [q (~;/4)J 
T e, propuJ ive tlu'u t-Ioading coefficient 

(
T - 6D) 
p V 2D2 . 

Tea' apparent propeller thrust-loading coeffL
cient (T/p112D2) . 

Tef free-propeller thrust-loading coefficient 
(T,I p V 2DZ). 

T C:lD slipstream-dl'3g coefficient (6D/p IT2D2) . 

6Tc> body-interferen e thru t coefficient 
(6T/pV2D2) . 

CT, propul ive tbru t coefficient (~-;:z'}f!)-
CTa' apparent propeller thru t coeifLCient 

(T / pn2D 4) . 
CT !, free-propel1er tluu t coefficient (T,I pn2D 4). 

C . (T- 6D - D) 
TO ' net thrust coeffiClent pn2D4 n . 

Cp , power coefficient (P / pn3D 5). 
7Ja, apparent propeller efficiency (TV/P ). 
7J 1> free-propeller efItciency (T,V/P ). 

. 1 . IT'. . [ (T- 6D) V ] 71, propw lve ewClency P . 

710, net efficiency [ (T-6~-Dn) ~. 
17max , envelope propulsive efficiency from Cs 

design chart. 
VlnD, advance-diameter ratio of propeller. 

Cs, speed-power coefficient ( :.; p V 61Pn 2
), 

Pc, power disk-loading coefficient (4P/7rD2qT7). 
K, conductivity of the engine (reference 5). 

t:;.p, pressme drop across engine. 
--,--....".-:= 
6pI pn 2D 2, cooling-air-Do,,- coefficient. 
F l , F2, F3, body-interference factor. 

RESULTS AND DISCUSSION 

A study was made of the effects of variation Ul the 
value of the ratio diD on the characteristics of a series 
of nacelle-propeller combinations, and the re liltS are 
pre ented. Fir t pI' sented are the propeller charac
teristics obtained at various values of the ratio diD 
and an analy is of the value to determine the mao-ID
tude of the mutual interferences that exist between the 
propeller and the nacelle. The cooling characteristic 
at the same values of diD and, in addition, the result 
of incidental tests to determine the effect of variou 
types of control of cowling-exit area on cooling-air 
flow are then presented. 
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P R OPELLER CHA R ACTE RISTICS AND I NTE RFERE CE EFFECTS 

All propeller data were reduced to the standard non
dimensional coefficients and were plotted as functions 
of VlnD. Representative test results are plotted in 
figure 5 to show the variation of the te t points. 

In figure 6 a comparison is made of the re ults of 
tests with two different supports for the motor nacelle. 
It is to be noted that a much higher value of propulsive 
efficiency was obtained when strut 1 was u ed to support 
the~ nacelle than when the nacelle wa uppol'ted by 

fact that misleading results may be obtained from tests 
of propellers in conjunction with bodies of uch form 
as to allow the critical flow condition encountered with 
strut 1 to occur. The ensuing analy es of propeller 
characteri tics in this report are based on test result 
obtained when the nacelle was supported by strut 3. 
With this supporting arrangement, any discrepancy in 
the results due to the effect of trut interference is 
believed to be quite small. 

In order to show the over-all effects of variation in 

/.O~--+---~---+--~----~--4---~--~----~--+---~---+--~----t---~ 
, 48-in. propeller w i th 16-in. nacelle 

,t' /36-in. II" " 
, , 

I ' __ - -f -;--- ___ ____________ _ 
I --4-~_t~==~~~-~-3J~-By~'------_r--_t.----t_--_r--=+====f===~===t==~r___l .8, 

;;;~~ 

i .6L---~--~--~--+_--+---+_--~---~--~--~--~--~--_+--_+--~ 
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FIGURE 6.-Effect of strut interference on envelope curves of propulsive efficiency. 

strut 3. The cause of this difference in propul ive 
efficiency was determined from a study of the air flow 
over the nacelle by attaching streamers to it urface 
and studying their actions in the air stream with and 
without the propeller operating. When the nacelle 
was supported by strut 1 with the propeller removed, 
the air flow separated over all that portion of the nacelle 
back of the strut intersection but, with the propeller 
operating, the effect of the slipstream wa to shift the 
separation point downstream by several inches. The 
slipstream thus caused an effective reduction in nacelle 
drag and a high value of propulsive efficiency was 
therefore obtained. A similar study of the flow when 
the nacelle was supported by trut 3 revealed that the 
separation point was near the tail and was apparently 
uninfluenced by the propeller slipstream. 

As a result of this study, it is desired to stre s the 

diD on the efficiencies of the nacelle-propeller combina
tions, the envelope curves of apparent, propul ive, and 
net efficiency for the variou arrangement tested are 
given as a function of V lnD in figure 7 and as a flllction 
of as in figure 8. Attention is called to the fact that 
the results given for values of diD of 0.10 and 0.13 in 
figures 7 and 8 were obtained from tests with no nacelle 
behind the propeller. In those ea es, the value of (l iD 
is the ratio of the diameter of the extension- haft 
fairing to the propeller diameter. 

The increase in both propUlsive and net efficiency that 
can be obtained through the use of a spinner is also 
shown in figures 7 and . At the value of diD of 0.25, 
at which tests were ma,de with a pinner over the pro
peller hub, the gain obtained varied from about 1 per
cent in the take-off range to about 4 percent in the 
nigh-speed range. 

----- - ---- ~ 
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Figure 9 Ullll1Mn Ze the l'e lil ts given in figlll'cs 7 
and and illLl trates quite clearly the variation at both 
con tan t 1f lnD and constant as of tli e varioH effi ciencie 

I. 0 
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l"::1,pici d ccre~lse in net effi ciency wi th ulCrea illg value 
of diD . T he divergence of the Lwo ets of curve from 
each other i explaincd on t he premise t hat, allbough 
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with relative body size. The cho en value of V /nD 
and a s roughly corre pond to the take-off and crLli ing 
condition of a repre entative transport airplane. There 
I S a rapi 1 increa e in apparent efficiency and a 

the increa e in body ize cau e an increa e in apparent 
thru t owing to t he greater reaction created between 
body and propeller , the net t hru t of the combination bas 
been red ucecl owing to the increa e in body drag. 

162000- 39- 2 

-- --- ----. -- -- - ---



REPORT . O. 6 O-NA'I'IONAL ADVmORY COMMI'I" I'EE FOR AERONAUTI CS 

.9 - r---
~ - r----1---

i- __ 

I-
- ---- I- -_ -__ P 

- -;:... ~ f..--=-:=" - - - -- r--
.8 .....--- - - ,. - f----. - -p - :--- --

- ~ 
- ~ =- - - f- - --I--- --1---_ 

~ 

-- -- -- I--- - -- --- 1----_ - - I--- _ 
- ------ - ---- ---.7 -

------- --...... ---.. 

. 9 

-- - ---
.8 - - - I -

~ ~ 
- - -- - - - --

-:;;;; ~ 
-... - --..::::: ~ I- - !- - --

- - ---- - --r-,. 
T) ./ ./ V --

. 7 
Propeller Nacelle 
dia meter, in. diameter} In d iD 

36 12 0.33 
-------- 48 16 .33 
-- ---- 36 16 .44 
- ---- - 48 No nacelle . 10 

.6 - - --- 36 No nacelle .13 
--- --- - 48 (with spinner; 12 .25 
----- - 48 12 .25 

.8 -- --- -=-= f-...=-- - ==- - --- - - --
~ 

- ----- - ---::- - - -... -~--::-::-:- t-- -
i--::-::-
~ - f-.._ 

t--7 - -... 
1-- -~ ~ ---t-- -_ 

1--. _ 

--- r- _ -
-------6 _. 

...... 
i-- ...... 

5 

4 

1.0 1.2 1.4 1.6 U/ 2.0 2.2 2.4 26 

FIGUnE .-T'he variation of apparellt, pro')ulsh'e. and net emciencr en\'elopes with (~. 

---------



EFFECT OF NACELLE-PROPELLER DI AMETER RATIO 0 BODY I NTERFERENCE 9 

Figure 10 i pre ented to how tbe effeet of the diD 
ratio on the parameter tbat influence the selection of 
a propeller. The ideal effieiency of a propeller i di
rectly depend en t on power disk loading. Th e effect 
of chHnge in vHllle of diD i , in tum, to alter the power 
eli k lo ading. The u e of the power disk-load ing co
effi cient P e a the ind ependen t variable in fi gure 10 i · 
therefore very convenient in that i t allows comparison 
o[ the other important design coefficients at ,. con tan t 
value of power eli k loading. The other coefficient 

110wn in figure 10 were obtained from design cllart 
of the type shown in figure 11 an d from similar chart 
in which 1/3 Pe was the ind pendent variable. Fio-ure 
10 i of extreme intere t becau e it how in conci e 
f rm, for all t he combination tested with strut 3, th e 
following important information: A. at V/nD for 7! max; 

111nD for TJ max; an 1 the values of TJ tnax an 1 (3 that are 
u ually obtained from the conventional A. de ign 
charts. At the same time it permits their comparison 
!tt a con tant value of power di k loading. 

The value of TJ max obtained at d/D= 0.33 are nearly 
the same a tho e ob tained at d/D= 0.25 . The differ
ence is of the order of one-half of 1 percent and may be 
within the experimental error of the result. At the 
lower ratio, however, there may be a 10 s:in propulsive 
efficiency owing to the fact that a relatively mall body 
loes not tend to make inoperative the inefficient; 1mb 

and root sections of the propeller and therefore a lar·o-er 
portion of the power i wa ted than if the propeller 
were operating in front of a larger body. 

The propul ive efficiency obtained at; d/D= 0.44 is of 
the order of 4 or 5 percent lower than that obtained at 
either of the other ratio. In pection of the results 
given in figuTe 10 and of the envelope CUTve of pro
pul ive efflCiency given in figures 7 and indicates that, 
for practical in tallation , the effect of diD on propul-
ive effi ciency i relatively unimportant at values oJ 

diD less than 0.33. At higher values of diD, 7! decrea es 
rapidly with increasing values of diD . This re ult is in 
agreement ·with the re ult anticipated from extrapola
tion of previou test results. 

The difrerence in propulsive efficiency that hav 
been di cussed thus far are attributed to the fact that 
the pre en e of a body behind an operating propeller 
hn. two oppos:ing effect. The pre ence of the body 
alters the air-flow pattern tluough the propeller and 
change i t power and thru t disk loadings to different 
value from tho e which obtained when no body is 
pre ent. A shown in figure 12, the propeller thrust 
(crankshaft ten ion) and power absorbed by a propeller 
of given diameter operatino· at a given veloci ty, reyolu
tion speed, and blade angle are not the same when the 
propeller operates in the pre ence of a body a they arc 
when the propeller operat in a free air stream. This 
efrect i herein referred to a a "body-in terference" 
effect. The pre ence of the body in the lip tream I 

has an additiollfl,l effect owing to the fact that it is sub
jecte 1 to an increment of drag over and above the drag 
that 1I"0uld obtain if the propeller were not operatino-. 
Tins drag incremen t is commonly ref rreel to n,s the 
" lip tream" drag. 

T he magni t ud e of the body interference efrect were 
cvn,luat d by determining, at co ndi tion of equal aver
age power disk load ing, the difference between the 
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FIGURE 9.- The variation or 81 parent. propuls i\"e. and neL efficiency 
en \'e l ope~ with dl D. 

thru t-Ioading coefficient T ef of the propeller ill free air 

and the tlU'll t-loading coefficient of the propeller u b
jected to body interference Te" . In coefficient form, 
the interference thrust can be expressed a follows: 

/J. Te= Tea - Tef 
Figure 13 show the varia tion of the body-in teder-ence 
thrus t coefficient /J.Te with the free-propeller thrust
loading coefficient Tef for all va lue of diD and blade
angle etting at \\"hiclt te t were conducted . It is to ' 
be no ted that, although the re ults for anyone value of 
blacl -angle setting follow a stmight line tlUOllghollt 
t he impor tant operating range oJ the propeller , the 
value obtainecl from the variou blade angles depart 
lightly from a mean line. In llffieient data weI' a \Tail-

----- --
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able to determine the secondary effects that may I 
ha ve can ed tills departure; the l'epresentation of the 
variation of /:::"Tc with T el by a ingle straight line 
1'01' all blade angle wa thcrefore COll idercd to be 
jus tifiecl. 

Th method used to evaluate the lipstream drag was 
basically imilar to that used to determine the body
in terference effect. The lip tream drag is the diller-

.8 
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tion, there can be but one valu e of the power coefficient 
at a given value of V/nD. 

The yariation of lip tream-drag coefficient T ell O 

determined by the method previously outlined with 
the apparent prop ller t lu'u t-Ioading coefficient is 
hown for the variou propeller-nacelle combination 

in figure 14 . There is considerable dispel' ion of the 
plotted points bu t, by the ame rea oning u ed in the 
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F IGU RE l l.- Representath·e design chart ; 36-incb propelier a nd 16·inch nacelie. 

ence between the propeller thrust T and the pl'opulsi\Te 
thru t (T- /:::"D ) anci, in coeffi ient form, can be defined 
as follows: 

It can be readily determined by taking the difference, 
at equal values of V /nD, between the apparent truust
loading coefficient of the propeller operating in the 
presence of the nacelle and the propulsive truu t
loading coefficient of the propeller-nacelle combination. 

uch a comparison is made at equal values of the power 
loading becau e, for a given propeller-nacelle combina-

ca e of fio'ure 13, the r epresentation of the variation of 
T ellO with T ea by a ingle s traigh t line wa con
sidered to be justified. 

In pection of figures 13 and 14 reveal that the 
value of /:::"Te and T etlO can be expl'e ed a follows 

(1) 

and 
(2) 

In the following analy i , it will be shown that th e 
propulsive thru t of a prope11 r-nace11e combination 
can be ex'])res ed in terms of the free-propeller thrust 
and the factors F 1, F2 , and F3 • 

__ J 
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By definition, the propulsive thrust-loading coefficien t Equating both equation to Tef and solving for Tex' 
I S 

Evaluating Te lll. term 
factors gives 

of Tef and the interferenc ') 

Sub tituting values from equations (1) and (2) 

ince 

then 

Te= p~D2+(Fl+Fzp~Dt) 

- F{p ~D2+( Fl + F2 p ~lY) ] 
Expanding and simplifying 

Let 

Then 

Tc= p ~D2(1 + F2 - Fa- FZF3) + (F l - F,F3) 

A= (1+ Ft- F3- FzF3) 

B = (F l - F l F3) 

(3) 

(4 ) 

(5) 

(7) 

(8) 

(9) 

Values of F l , Fz, and Fa obtained from figures 13 and 
14 together with computed values of A and B are given 
a a function of di D in figure 15. The values prob·· 
a bly possess no great degree of accuracy and may be 
considerably cli:fferent for geometrically different bodies 
and propellers. They are of value, however, in that, 
they show the relative importance of the various inter .. 
terence factor and may therefore be useful in analyz .. 
ing other te t data. If other data are not available, 
the factor shown in figure 15 may be used to estimate: 
the thru t characteristic at a given value of the ratio 
diD when the characteristics at orne other value oJ 
diD are known. 

For example, let the ubscript x indicate coefficients 
and factors that apply to the diD ratio for which no 
te t data are available and let the sub cript lc indicat E: 
corresponding coefficients and factors that apply to 
the ratio for which test data are available. It can the 
be said that 

(10) 

and 
(11 ) 

(12) 

If T is known Te may be e timatecl by th e relation ef ' ' x 

given in equation (10). 
. It hould be bome in mind that the relations devel
oped in thi analysis holel only ,\Then the variou thl'u t 
coefficients invo~ved are all taken at equal values of Pc. 
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COOLING CH A RA CTEUIS TICS 

For the presentation of the cooling characteri
tics the nondimen ional cooling-air flow coefficient , 
~ !:::"p/pn2D2 ha been introduced. The values obtained 
from all pressure-drop measurements 'with the propeller 
operating were converted to thi coefficient and plotted 
as a function of V /nD. uch a method of presenting 
the result i of advantage becau e it allow the results 
of measurements of pre sure drop both with the pro
peller removed and with the propeller operating to be 
presented on the same chart. The measurement with 
the propeller removed can be presen ted a a function 
of V /nD in terms of ~!:::"p/pn2D2 be ause on such a 
chart the slope of any traight line through the origin is 

I !:::" f
D

, -y pn -
VlnD 

(13) 
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Except for a slight variation with Reynold umber, 
the value of b.p/q obtained with the propeller removed 
is e entially constant. By the sub titution in equa
tion (13) of the value of b.p/q obtained from te t 
with the propeller removed, an expre sion givinO' the 
pre ure drop lmder that condition i obtained and a 
traight line atisfying this expres ion can be drawn 

on the plot of b.p/p V 2D2 again t V /nD. Such a line 
represent, for the ca e under con ideration, the pres
ure available without the effect of the propeller. 

From the results presented on uch a chart, the pres
ure drop available can be determined, when p, V, n, 

and Dare lmown, from equation (13) and the quantity 
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FIOURE 15.-'1'he variation of body interference factors with diD. 

-of air flow can be determined from the relation hown 
in equation (2) of reference 5. 

The eiIect of variation in diD on the cooling-air-flow 
coefficient i given in figure 16. T he trend of the re luts 
is in agreement with that indicated by previou investi
gation . t high value of V /nD, i. e., high velocitie , 
the effect of the propeller wa practically the arne for 
all blade-angle settings and, for all ca e , the propeller 
decrea ed the pre sure drop below the corre ponding 
value obtained with the propeller removed. At low 
value of V/nD, the eiIect of the propeller wa largely 
dependent on blade-angle setting an I ten led to increa e 
the pre ure drop, except in the extreme case hown in 
figure 16 (c), where the nacelle liameter was only 25 
percent of the propeller diameter. In this ca e, the 
propeller howed a lightly favorable effect at high 
blade-angle ettings but, at blade-angle settings below 

25°, the propeller actually cau ed a rever al of flow at 
low values of V /nD. 

It was believed that the poor cooling characteristic 
obtained from tests of the propeller-nacelle combination 
giving a value of (l/D of 0.25 might be due to the fact 
that, at thi value of the ratio, the hub wa 0 larO'e 
relative to the entrance at the front of the cowling that 
it was creating an adverse pre ure gradient and thus 
causing the air to flow away from the entrance. An 
additional series of tests was therefore conducted on 
the arne arrangement but with the propeller hub 
covered by the spinner hown in figure 1. Oomparison 
of the results obtained with the spinner with those ob
tained without the spinner (fig. 16) reveals that, with 
the propeller operating, the spinner cau ed no appre
ciable change in the pre sure-drop coefficients. This 
re ult wa contrary to expectation and may be partly 
explained by the comparison of the pre sure-drop coeffi
cients obtained with the propeller removed and with 
and without the spinner in place. Further reference 
to figure 16 show that the pre ure drop obtained with 
the spinner in place was about 20 percent Ie s than that 
obtained when the spinner was removed. It therefore 
appear that the pinner had two effects, one of which 
compensated for the other. It restricted the cowling 
entrance and cau ed large total-pres ure entrance 
10 se , but it improved the air flow over the hub enough 
to compen ate for the adver e effects of restricting 
the entrance. 

The re luts of te t , with the propeller operating, to 
determine the effect on cooling characteri t ic of vary
ing the exit area by cowling flap are presented in figure 
17. For all values of V /nD, the cooling coefficient 
increase linearly with the cowling-exit area until the 
exit area becomes about 10 percent of the nacelle cro s
sectional area. At larger values of the exit opening, 
the lope of the cooling-coefficient curve decreases 
rapidly until, at an exit area of about 20 percent of the 
cro - ectional area of the nacelle, it appear that there 
is but little to be O'ained thJ:ough further increa e in 
exit area. 

The relative merit of adju table cowling flaps and 
an adjustable-length cowling skirt a a mean of con
trolliog the pre ure drop across the engine are com
pared, on the basis of test results obtained with the 
propeller removed, in figmes 1 and 19. From figure 
1 , which compare the effectivene of the two method, 
it is een that both are of about equal merit for exit 
area up to about 10 percent of the engine cross-sec
tional area. For larger exit areas, the greater effective
ne of adjustabl cowling flaps becomes increasingly 
important; when the exit area is 25 percent of the cro s
sectional area, the cowling flaps give a value of b.p/q 
of 1.22 as compared with the value of O. 3 obtained 
with the adju table-length kirt . It i of further interest 
to note from figure 1 that the maximum pressme 
attainable with cowlu1g flap is apparently much higher 
than can be obtained with an adju table-lenO'th kirt. 

1 
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FIGURE 17.-Tbe variation of ~aplpn2D2 wilh rat.io of cowling exit area to nacelle cross-sectional arca. Exit. ' area varied by cowling flaps. The 48-in . diameter 
propeller; the 16-in. diameter nacelle; K, 0.085. 

(a) 4 -in . propeller; 16-in. nacelle; dl D=0.33. 
(b) 36-io. propeller; 16-in. nacelle; dl D= .44. 

(c) 4 -in. propeller; 12-in. nacelle; dl D= 0.25. 
(d) 36-in.propeller; 12-in. nacelle: dlD= .33. 

(e) 4 -in . propeller(will.l spinner); 12·in. nacelle; d/D= 0.2,; . 
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From the re ult hown in figure 1 , it may appeal' 
that cowlli)O' flaps are greatly uperior to the adju table·· 
length cowling skirt. Compari on in figure 19 of tho 
variation of draO' with pre ure drop obtained with the 
two systems indicate, however, that cowling flaps arE' 
lightly inferior from con iderations of drag. It is t ' 

be noted that, up to a value of t,p/q of 0.65, the drag 
coefficient obtained with the variable-length ku.'t i~, 

1.2 

ference to how the variation of pl'opul ive thru t 
with variations in that ratio. 

With the arrangement te ted, the effect of variation 
in the ratio of nacelle diameter to propeller diameter on 
propulsive efficiency wa uniJnportant until the nacelle 
became approximately one-third of the propeller diam
eter but, beyond that point, the propul ive efficien y 
decreased rapicUy with further increa e in relative 

1!{ 
,---, ~ I I' J/2 

C!)= .085(~E) 

c/ 
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V I i / I 
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Cowling-exil oreo 
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FIGURE IS.-The variation of tlp/q with ratio of cowling-exit area to nacelle cross· 
sect ional area. Comparison of elIect of va ryi ng exit area by cowling fl aps witt 
elIect of varying exit area by reauction in cowling-sk irt length. 'rhe 16-inch 
nacelle; 1(, 0.085. 

the arne as the theoretical cooling drag for 100 percent, 
pump efficiency (reference 7); whereas the values of 
drag coefficient obtained with the cowling flaps begin 
to depart from the theoretical curve at a value of t,p/q 
of 0.35. 

In general, the difference in drag created by the tw 
methods is negligible in the range of value of t,p/9. 
that prevail under high- peed flight conditions and i~ 
relatively small in the take-off and cliJnbing range. 

CO CL UDI! G REMARKS 

These re ults indicate the manner in which thE: 
efficiency of a nacelle-propeller combination i depend .. 
ent on the ratio of the nacelle diameter to the propelle1' 
diameter. An empirical relation has been develope 
from measurements of slip tream. drag and body inter .. 

I0J" o~ SO 

o/~" 
·F l op angl e = 00 

Exi t s l ot sealed , 
I I L 

.24 .28 0 .2 .4 .6 
CD" 

F,GURE 19.- The variation of tlp/q with CDn' Comparison of elIect of varying exit 

area by cowling fl aps with elIect of varying exit area by reduction in cowling
sk irt length. Tbe 16-inch nacelle; 1(, 0.0 5. 

body size. The highe t value of net efficien cy wa 
obtained at the lowe t value of the ratio of nacelle 
diameter to propeller diameter at which test were 
made and the value decreased with increasing value 
of that ratio. 

T ests of one nacelle-propeller combination havillg 
a ratio of nacelle diameter to propeller diameter of 0.25 
showed that the presence of a spinner over the pro
peller hub increa ed the propulsive efficiency by an 
amount varying from IX to 4 percent. 

Drag and coolinO'-air-flow measurements ho\\'ed that, 
for a given volume of cooling-air flow, the draO' of a 
conventional N . A. C. A. radial air-coole 1 engine 
cowling is slightly lower when fitted with an adju table
length cowling skirt than when fitted with adju table 
cowling flaps but howed that the maximum pre m e 

------ ---
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drop available with adju table cowling flaps i about 
20 percent greater than the maximum pre sure available 
with an adjustable-length kirt. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Designation Sym-
bol 

LongitudinaL __ __ X 
LateraL ________ _ y 
NormaL ________ _ Z 

Absolute coefficients of moment 

O=~ a =M 
I qbS m qcS 

(rolling) (Pitching) 

Force 
(parallel 
to axis) 
symbol 

X 
y 
Z 

Designation 

Rolling _____ 
Pitching ____ 
yawing ___ _ 

N 
On=qbS 
(yawing) 

Linear 
Sym- Positive Designa- Sym- (compo- Angular bol 

L 
M 
N 

direction tion bol nent along 
axis) 

Y----)Z Roll _____ cf> 1.1 P 
Z----)X Pitch ___ _ 0 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, 
V', 
V" 
T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT= ~Dt 
pn 

Torque, absolute coefficient cQ= 9 ns 
pn J..F 

P, 

0., 

TI, 
n, 

Power, absolute coefficient Cp = ~ns 
pn J..F 

Speed-power coefficient=-V~~: 
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-lb./sec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h.=0.4470 m.p.s. 
1 m.p.s.=2.2369 m.p.h. 

1 Ib.=0.4536 kg. 
1 kg=2.2046 lb. 
1 mi.=1,609.35 m=5,280 ft. 
1 m=3.2808 ft. 




