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AERONAUTIC SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 

I 

i 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 pound _____ lb. 

-
Power ________ P horsepower (metric) ______ ---------- horsepower ___________ hp. 
Speed _________ V 

{kilometers per hour ______ k.p.b. 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. t 

Mass=W 
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 0.0023781bAt.-4 sec.2 

Specific weight of "standard" air, 1.2255 kg/rna or 
0.07651 lb'/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-~ 

Profile drag, absolute coefficient OD. - ~S 

Induced drag, absolute coefficient OD'~~S 

Parasite drag, absolute coefficient OD - DSl1 • q 

Cross-wind force, absolute coefficient 00 - q~ 
Resultant force 

tID' 

tit 

Q, 
rl, 

VZ 
p- , 

p. 

0 11 , 

<Xl, 

a., 

,¥, 

Angle of setting of wings (rela.tive to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant ::tngular velocity 

Reynolds Number, where l is a lineal' dimension 
(e.g., 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 
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REPORT No. 593 

COOLING OF AIRPLANE ENGINES AT LOW AIR SPEEDS 

By THEODOHE THEODORSEN, M. J. BHEvooH'r, and GEOHGE \V. S 'rJCK[, g 

SUMM ARY 

A comprehensive expe?'imental study has been caTried 
out at jull scale in the N. A. C. A. 20100t wind tunnel, 
the general purpose oj which is to jurnish information in 
regard to the junctioning oj the power plant and propeller 
unit under diffeTent conditions. This report deals par­
ticularly with the problem oj the cooling oj an airplane 
engine on the ground. The irifluence oj different nose 
forms, skirts, flaps, propellers, spinners, and special 
bloweTs has been investigated. Among the more intere ting 
tesults are the demonstration oj the comparative ineffi­
ciency oj adjustable lcirt flaps, the detrimental effect of 
small-diameter jront opening oj the cowling, and the very 
beneficial effect oj a carejully designed airjoil section near 
the hub oj the propelle?'. A small axial jan oj simple con-
tTuction was jound to give rdficient cooling on the ground. 

I TRODUCTION 

The problem of cooling an airplane engine on the 
ground obviously presents the greatest difficulty. The 
velocity head in the slipstream is then a minimum. 
The engine does not ordinarily develop its maximum 
hoI' epower, but the quantity of heat to be disposed of 
is not much reduced. A certain velocity head and a 
corresponding pressure drop are generally required to 
cool the engine satisfactorily. The problem then be­
come one of providing a certain pressure drop for cool­
ing on the ground or at a minimum air speed; cooling 
at higher peed, of course, follows. Special devices, 
such as flaps on the skirt or fans in front of the cowling, 
are sometimes used to improve the cooling on the 
ground. 

It has been shown (reference 1) that the cooling for 
the cruising condition is almost exclu ively a function of 
air speed, the effect of the propeller slipstream velocity 
being of little importance. At low air speeds the situ­
ation is different; the cooling is largely dependent on the 
propeller effect. On the ground the cooling depend , 
of course, entirely on the propeller. The subject of 
primary interest in this paper i the study of the factor 
affecting the cooling on the ground. 

A ALYSIS OF TH E PROBLEM 

It was shown in reference 1 that the cooling of an 
engine i a function of the pressure drop !::"p across the 
cylinder bank. Most of the tests reported in this paper 

were extended down to the minimum tunnel speed. 
This minimum tunnel peed COITe ponds to the efl'ect 
of the local propeller lip tream on the closed-circuit 
tunnel and is approximately 20 miles pel' hour, low 
enough to permit an extrapolation of rcsults to the 
condition of zero air speed. 

At very low air speeds the efl'ect of the slip tl'eam 
dominates the situation, the propeller functioning as a 
low-pressure blower. For the condition of zero ail' 
peed, the quantity !::"p/n 2 has been chosen a the char­

acteri tic function, tbi quantity being independent of 
the revolution speed of the propeller. The square root 
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F, GUR E I.- Typical curve showing the dependency of ";~/n 01l";G; for l '/nD=O. 

of this quantity is plotted against the advance-diameter 
ratio V/nD. Plots of thi type conveniently picture the 
relationship between the available pre sum and the 
airspeed at any combination of the other variable 
and show directly the primary results of the pre ent 
investigation. 

In order to apply the results for the condition of zero 
air speed, there need be lmown only the revolution 
peed n of the propeller at any particular angle of 

attack. For this pmpo e it i very convenient to plot 
the pressure function !::"p/n2 against the nondimensional 
power coefficient Cp at zero air speed, defined as 

P 27rQ 
Op= pn3D5= pn2D5 

where P is the power and Q the torque of the pro­
peller. A curve of this type is illustrated in figUl'e 1 

1 
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F IGL' HE 2.'I' he N. A. C. A. ran installed on th e engine. 

(a) Lay-ou t of cowl i ng shapes. 
(b) Wright blower. 
(e) N.A.C.A. fan. 
(d) Spinner 6 . 
(e) 10 . 

1. Propeller 
rt. Cylinders 

2 

(aj 

\ I 9 

/S 

ISOhp . 
electric 

motor 

for a particular propeller over the entire range of blade­
angle settings. The ordinate used is actually the quare 
root of the pres me fUllction, o r~ t::.p/n, and the absci a 
is similarly -V Cp • At a given power and propeller 
diameter the revolution peed is known at each blade 
angle and , in consequence, also the value oJ !:J.p. The 
selection of the blade angle producing the highest pres­
sure drop !:J. p is identical with the election of the point 
on the Clll"ve having the greatest slope for a straight 
line drawn from t he point to the origin. It i found, 
in general, that thi condition correspond to that of the 
maximum peed of the engine and a resulting minimum 
propeller blade-angle setting. In order to represent the 
degree of t ransmis ibility of the bames, a quantity K, 
designated "conductivity," has been defined in reference 
1 as 

J(= Q 

FV~t::.: 
where Q is the quantity of the air pa sing through the 

bafHe per second. 

and 

(el 

F, the cross section of the nacelle as a reference 
area. 

q, the velocity head. 
V, the velocity of the air stream. 

This pori of rt. Propeller 1. 
blode set 01 I rtf· '~''' -4So angle 'I· Blade 

, Ben t 45" /' A Sp mner 10.,. rngfe 
be/ween I I 30" 4 
Ihes.e radii. _~ ...".--~ _ 

~
- I 'Propeller; I 
I I a XIs 40" 

~ I 
v 

_(~'i24" (b) 

" AXIS of 
\ propeller 
\ _q~ 

(e) 

(d) 

Tachomeler 
--; -

FI GL"HE 3.-Lay-out of the test. arrangements. 
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DESCRIPTION OF EQUIPMENT 

Thi in vestigation was conducted in the T . A. C. A. 
20-foot tunnel, which, with it equipment, is described 
in detail in reference 2. The general arranO'ement of 
the te t model is hown in figure 2. Detailed descrip­
tion of the particular equipment used is given in refer­
ence 3. Figure 3 (a) how the various nose cowling 
and skirts employed in the pre ent investigation, to­
gether with other equipment used. Figure 3 (b) 
hows an experimental blower u ed in conjunction 

with nose 15 especially designed to house it. Figure 
3 (c) hows an axial fan of simple con truction here­
inafter referred to as the "N. 'l... . A. fan." Figure 
3 (d) shows a circular Hat disk 24 inches in diame­
ter, which wa attached to the front of the propeller 
in some of the following test and is referred to a 
" pinner 6." Figure 3 (e) how a normal type of 
pinner which wa actually an integral part of th e 

e:;..:perimental blower shown in figLu'e 3 (b) b11 t which 
was ometim used separately and designated "spin­
ner 10." Figure 4 is a photograph of the fou r pro­
pellers with the designations employed in this report. 
The following table is given for reference from the 
associated prop 11er report (reference 3). A l)hoto­
graph of the experimental blower is hown in figure 
5; the N. A. C. A. fan may be seen just behind the 
propeller in figure 2. 

PROPELLER DATA 

Propell er 
designa· 

t ion 
Draw ing ~~~; D iameter 

blades (feet) 
Type 

B 

c 

D 

F,GU RE 4.-Propellers tested . 

Hemarks Airfoil 
section 

./--------------1----- 1------1-------------1 ____ _ 
A 
D 
D, 

H amiILon·Standard 6101-0 ...•............... _ 
H amil ton-Standard 10 1- 0 ................... . 

3 
3 
3 

10.06 Oontrollable . . ...................................... . 

H a mil ton-Standard 101- 0 (mod ified) ...... . . . 
10. 01 Adjustab le ..... . . _ ......... _.. .. . . . ..•...... . .. . . 
10. O~ ... .. do ......... P itch decreased from tho 70 percent 

C 
D 
E 

Navy plan form 5868-9 . ..................... . 
avy plan [arm 5868-9. _ ................... . 

3 
2 
3 

rad iu to the t ip. 
10. 02 .. . . do ......................... __ ............ . 

Navy plan form 3790 ...............• _ ••...... 
10. 00 . . ... do ....... . Same as 0 except '2 b lades .. •.......... 
9. 01 ..... do ........ . _ .............................•.•......... 

RESULTS 

Figures 6, 7, 8, and 9 slww the ba ic results of the 
inve tigation. Code number appear howing different 
arrangements. For example, arrangement 6- 2- B- 3- 0 
indicates that nose 6, kirt 2, propeller B, inner cowling 
3, and no spinner were u ed. The ordinate u ed i 
, /flp /n and the absci sa is the quantity V/nD, as pre­
scribed in the preceding analy i. The range pre ented 
is actually the entire range of iliglIt peed and it i 
noted that the slip tream effect gradually dimini hes a 
the peed is increa ed. The CUl"ve asymptotically 
approach traight line through the origin. 

Olark Y. 
Do. 
D o. 

D o. 
D o. 

R . A. F .-6. 

The eries given in figure 6 shows, in particular, th e 
dYect of the blade-angle setting, the propellers B, 
B x , ,D, and E being u ed on the most neutral cowling 
composed of no es 6 or 7 and kiJ·t 2. It is noticed that 
propeller B, or B x, which ba a good airfoil section near FIGURE 5.- \Vrigbt blower wi th propeller C and spinner 10. 

142[120-37--2 

3 
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V 

nD 

~ 
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(b) 

-' -
.. . -
.' . 

(d) 

.2 .4 .6 .8 !.O /.2 1.4 /.6 I.B 
V 

nD 

+ la° blade angle at 0. 75R 
.:l 15° .. .. .. 
0 20.° .. .. 

'" 25° .. .. 
I::. 30.° .. .. 
I> 35° .. .. 
0 40.° .. .. .. ., 
x 45° .. .. . . 

Arronqemen f: 
(a) 6 -2-8-3-0 (b) 7-2-8x -3- 0 (e) 6 -2-C-]-a 

(d) 6-2-0.-]-0. (e) 6-c-E-]-a 

F IGl' llE 6.- Dependeucy o[ ,':S:p/n on V jnD [or soyeral propellers at ,·. riotls blade angles. 

the hub, is superior to the almost identical propeller 
C with a round hub section. Th e three-blade propeller 
C, and the two-blade propeller D, having identical 
blade section, giye available pre sure drops almost 
proportional to the number of blades. 

The next series (fig. 7) gives tl le eHect of the various 
noses tested, the propellers used beillg restricted to B 
a.nd C at blade angles of 25° and 35°. The result of 
most immediate interest is the apparent inferior cooling 

properties of the noses 3 and 9, the available pressure 
drop !:"p being of the order of one-half or less of those 
obtained on the normal designs. It is further noticed 
that nose 4, which i characterized by a very flat nose 
section pointing radiany inward, shows without excep­
tion the highest available pres ure at the ground point. 

J oses 6 and 7, which are among the best at crui ing 
condition (reference 1), appear, however, to be fairly 
close to the maximum, 
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Please u s e this key for 
figures 7a,b,c,d, in­
stead of the one given : 

.----------

( a ) (b) ( c ) (d) 
--------

Nose 1 .L:l + '7 'V 
---------

If 2 0 0 6. 6. --- ---- --_·t---
If 3 

~t~= 
0 0 

---- ----
II 4 x x ---_._-- --
tf 6 0 0 0 

--- - - ---- - -

II 7 6. .L:l Ll L1 
---------

II 9 + + + 
-------



'V Nose / 

.6I+trntt=t· . 

5 1++++++,-1 

-H--H-H-l-

4 r+++++-H--H-l 

3 

.5 

4 

o .2 .4 .6 

COOLING OF AIRPLANE ENG! ES AT LOW AIR SPEED 

c:. Nose 2 - 0 Nose 3 - x Nose 4 - o Nose 6 

.8 
v 

ItO 

1.0 1.2 /,4 /.6 /.8 0 

(a) Propeller B set 25°. 
(c) P ropeller C set 25° . 

.2 .4 .6 

(b) Propeller B set 35°. 
(d) Prope!!er C set 35°. 

LI Nose 7- + INose 9 -j-j-l-lcm-l 

.8 /.0 /,2 1.4 /.6 /.8 
v 

nil 

FJG URE 7.-Dependency of ...; c:.p/n on V/nD for several nose shapes on difIerent propeller arrangements; sk irt 2. 

.5 

.4 

Skirt 
:~:: .. + 7 . . . . .. 

0 8 
.. . ... 6 8 w,/h 'lj2inch flore 

0 8 ",.../ " " 
x 8 " 2 " " 

LI 8 " 3 " " 
./ 

'V 2 
I , 

o .2 .4 .6 .8 /.0 12 1.4 16 18 
V/ nIJ 

5 

Figure 8 reproduces the experimental result in re­
gard to the much-discussed problem relating to the use 
of cowling flaps. The fl aps used were of normal de­
sign, 5 inches long, and were gi,en uccesilive increa e 
in flap angle correspondinO' to flare of %, 1, 2, and 3 
inches at the rear end. The results show that the gain 
in available pressure is in the order of 15 percent as 
compared with the unfiared kirt. This re ult is inter­
esting insofar as it shows the performance of normal 
short flaps to produce a suction at the lot. In con­
tra t, it is seen that kirts 7 and repre ent a decid d 
gain over the narrower kirt 2, thi latter O'all being in 
the order of 50 percent . imilar re ul ts are available 
for other propellers and blade angles and show u b­
stantial agreement. FIGURE S.-Dependency of ...;t;p/n on F/nD for several skirts with nose 7 and pro· 

peller C set 25° at O.75R. 
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Figure 9 shows the results of a related investigation 
on the effect of fans or blowers, presented for comparison 
in conjunction with orne other typical ca es. The 
most interesting resul t is the remarkable effectivene s 
of the very simple . A. C. A. fan . The Wrigh t blower 
is seen to be very inefficient, the pressw'e function re­
maining below 0.2, and is inferior to the propeller B alone. 

Improved cooling on the ground is generally attained 
at some loss of efficiency at high air speeds. This loss 

is evident from the associated net-efficiency curves of 
figure 9. It i noticed that nose 7 with spinner 10, which 
gives poor cooling on the grolmd, shows the highest 
efficiency in flight condi tions j whereas the N. A. C. A. 
ran, being superior for cooling, shows the lowest net 
efftciency. 

The following table shows th e pl'eSSUl'e con tants for 
the various propeller noses and skirts for the condition 
of cooling on the ground. 

VALUES OF PRESSURE CONSTA NT.Jt::,PAT I', = O 
n n J) 

---------- ------

P ropeller H Propeller n, Propeller C Propeller D Propeller E 
Remarks Blade angle 

(de[!s.) 
15 20 25 3.1 15 25 30 35 40 45 15 20 25 35 4.) 15 35 '15 10 20 30 40 

[---;--- 1--------- -------- ------1-------
No~e Skirt 

1 2 "_' ____ _ 0. 193 0.20L . _ ___ __ _ _ ___ . _____ ._ . , __ O. 114 O. 100 . ____ . ___ , . ____ "_,, ___ . __ ______ ._ 

~ ~ _________ : ~~ : m ::::: ::::::::: :::-: :::: _:::: ._: : _:: _: :}~ : H~ ::::: ::::: _:::: ::::: ::::: ::::: ::::: ::::: 
6 2 0. 160 0.183 .188 ________ . _______ .___ _____ _____ ___ 0.1210.136 . 160 __ ___ 0.181 O. 104 0.1270.142 0.1270.1480.195 O. 205 
7 2 _. ___ __ __ _ .190 .1980.liOO.2020.2040. 2100.21 0.195 ._. _______ . 152 ___ __ . ___ . __ ._. _____ ___ . _ _________ . ____ .. __ . 
9 2 _______ __ .128 . ____ . ____ . ___ ' _____________________ ._ ._. __ .100 . __ . ______ . ___ . __ . ____ ._. ____ .. __ . ______ ,, ___ 

7 
8 
8 
8 
8 
8 

_____ 0.200 _______ ._. 

15 
15 

15 
7 

2 
2 

2 
2 I . -

~.6~-r~~-r4-.~-r~~-r~ T~V'~X~~ 

6 
c:: 

.<!J 4~-r~-/j'-+-
(,j' 
~ f-+-+-"--I- -H'-+-+-1-+ 
"­
<\) 

~-r~h¢-F~~-r4-~-r~ Nosef-+-+-~-+4-~~ 
~-+-4-+--+-+-4-~-+-4-~-+-+ 0 15 I-- -
I-+-++-H-+-+-H-+-+-H-+--+o 15, Wright blower. -

spinner 10 ,- -
f-+-+--t--t-t--+--t--t-t-+--t--t-t-t-t I:> 15, N A. C. A-j on r- -

t-t-r-t--t-I-r-t-·H-t x 7 r- -+,+rt,nFH It- 1--1-- -
I--

I-- I--

.4 .6 .B 10 1.2 
v/ nn 

.199 _. __ . 

. 195 _. ___ 

.201 ____ _ 

. 214 ___ __ 

. 208 . __ __ 

.. O. 150 • ___ _ 
__ .195 __ __ _ 

. 243 __ __ 

. 183 ___ 

12-inch flare . 
I -inch flare. 
2·inch flare . 
3-inch flare . 

Spin ner 10 and Wrigh t 
blower. 

N. A .. A. fan . 
Spinner 10 . 

Figure 10 shows the pressure function, /Kp/n on the 
ground for the five propellers. As explained in the pre­
vious analysi , the slope of a line drawn from any parti­
cular point on this curve to the origin is proportional to 
the square root of the available pressure !J.p , the maxi­
mum slope giving the greatest available pre sme on the 
ground. It is seen that this point, at which the highest 
pressure occurs in most cases, corresponds to a blade 
angle of less than 150

• Assuming a 550-horsepower 
engine with a 10-foot controllable propeller, the mini­
l11lilll blade angle permissible to prevent excess speed is 
about 19 0

, which corresponds to 1,460 r. p. m. of the 
propeller . The reason for the more effective action of 
the propellers occurring at low pitch setting lies in 
the fact that the propeller loading is concentrated more 
toward the hub . The practical conclusion is that, in 
order to obtain maximum cooling on the grolilld, the 
propeller should be given a mininmm blade-angle et­
ting corresponding to maximmn engine speed. 

F IGUJlE 9.- D pendency of ~/ -:lPln on 1'I" D and of ~" on I/VF. for propeller C 
set 25° at 0.75R witb d iITerent test units. 

Thus far the discussion has dealt entirely with the 
preSSlU'e drop and the factor affecting it. R esults of 
some related tests of temperature mea urements that 
were conducted at the same time will now be presented. 
It has previously been found (reference 1) that an 
available pressure drop of 10 pounds per square foot 
across the engine, if properly used, will provide sufft­
cient cooling in accordance with present-day practice. 
I t was found that a very definite relation between the 
rear temperatme and the pressure drop exists; the 
front temperature was shown to depend on several 
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other factors. In the present paper, the teml l'atmt' 
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shown i.n more detail. The particular cylinder on which 
the mea Ul'ement were made contained an electric 
heater, the output of which was kept constant at 
1.75 kilowatts, the temperatUl'e thus being a direct 

with re uIts in reference 1 of the available 
pressure on the ground and at low peeds indicates 
that the extrapolated values of the temperatures at 
zero air peed would not be much in exce s of those 
obtained at the lowest air speed . Therevolution speecl 
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only about one-eighth of the power was used. As a 
re ult, the ground cooling pressure amounted to about 
one-quarter of actual values and the coefficient of heat 
transmission to approximately 4-0 .3, or about two­
thirds of the value at the proper propeller speed. As 
a con equence the temperatures measured are about 50 
percent in exce s of the values that would be obtained 
for the same heat output at normal propeller speed. 
The fir t four ets of curves of figme 11 are for the 
standard baffling, K=0.0424, all taken on the small 
nacelle. In figure 11 (a) is hown a ca e of propeller 
off; the three curves show three different tunnel speed . 
In figure 11 (b ) is shown a case with propeller Band 
in figure 11 (c) a flat pinner has been added. ote 
the very beneficial effect of the spinner on the front 
temperatures. In figure 11 (d) the results are given 
for a special test series on a Wright experimental blower. 
The next figure, 11 (e), show the temperature distri­
bution obtained with a larger gap between the cylinder 
and the baffles; K=O.090g at two air speeds and with 
both nacelles. Note the large increase in the rear tem­
peratures. Figure 11 (f) how the di tribution for 
minim urn air speed for the case of bafIles removed; 
K=0.3 to 0.6. 

Figure 12 hows the relationship betwecn the rear 
temperature and the prcssuro drop across tho cylinder 
bank a resulting exclusi,-ely from the change in the air 
speed. The lopes of the re ultnnt curves are ome­
what inconsistent, lying apparently between -0.2 
and -0.3. 

Figure 13 is o-iyen to indicate the exponents of th e 
temperature-pressure relation hip at various angular 
positions around the cylinder. It is apparent th at the 
frontal temperature is very independent of the pressllre 
drop. Figure 13 (e) shows a particularly irregular 
result; the heat transmission on tho front actually 
increasing at low tunnel speed, especially at the 45° 
position, probably indicating a peculiar flow condition. 

GENERAL CONCLUSIONS 

1. A blade section of proper airfoil shape near the 
hu b is found to be effective in producing increa ed 
cooling on the ground, beino- far superior to the con­
yentional round shank. The N. A. C. A. fan of very 
simple construction gave the highest observed available 

pressure; it appears, howover, that this result could be 
equaled by improving the design of the airfoil section 
noar the hub. 

2. Adjustable kirt flap were found to increase the 
pressure drop in the ordor of 15 percent. Flaps aro not 
recommended except for very loosely bafTled or unbaf­
fled engines. 

3. The de ign of the nose of a cowling is of some 
influence in regard to the cooling at the ground point. 

o es with a small frontal opening were found to be 
inferior and are not recommended. A no e de ign 
with a radial inward bend of the leading edge (nose 4) 
was found to be superior to, but only slightly bettor 
than, the normal dosio-n (nose 7) recommended for 
cruising conditions. 

4. The charts given in the paper for a numbor of 
conventional propeller indicate tho most efficient 
blade-angle sotting for obtaining the best cooling at the 
ground point. Tho angle i apparently a function 
only of the permissible maximum engine speed, which 
was found to correspond to a blade angle of about 20°. 

5. No very general conclusion is po sible in regard to 
the temperature di tribution. The beneficial inn uence 
of a tight barning has been demonstrated. A £lat plate, 
or spinner, in front of the propeller hub ha been 
demonstrated to improve very effectively the cooling on 
the front. The apparently inconsi tent results often 
obtained on the cooling of the front of the cylinder seem 
to indicate that several unknown factors are involved 
and leave a field for future study. 

LANGLEY I EMORIAL AEROI A 'l'ICAL LABORATORY, 

NATIONAL ADVISORY OMMITTEE FOl1 AERO TAU'fI C , 

LA TGLEY FIELD, VA., June 2, 1936. 
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Positive directions of axes and angles (forces and moments) are shown by a.rrows 

Axis Moment about axis Angle Velocitiel 

Force 
(para.1lel 

Sym- to axis) 
Designation bol symbol 

LongitudinaL __ X X 
LateraL _______ Y Y NormaL _______ Z Z 

Absolute coefficients of moment 
L M 

0 1 = qbS Om= qcS 
(rolling) (pitching) 

Designation 

Rolling _____ 
Pitching ____ 
yawmg _____ 

N 
G·=qbS 
(yawing) 

Sym-
bol 

L 
M 
N 

Linear 
Positive Designa- Sym- (compo-
direction tion bol nentabng AngulAr 

axis) 

Y--+Z RolL ____ 

'" 
u p 

Z---+X Pitch ____ e • 9 
X---+Y yaw _____ 

'" 
tlJ r 

Angle of set of control surface (relative to neutral 
position), 8. (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, absQJute coefficient Gr = ~n4 
p n lF 

Torque, absolute coefficient GQ = ~Tlli 
pnu-

P, 

G" 
7], 

n, 

Power, absolute coefficient Gp~ ;nr. 
pnlF 

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

Effective helix angle = tan-1 (2:n) 

5. NUMERICAL RELATIONS 

1 hp. = 76.04 kg-m/s = 550 it-Ib./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 lb. = 0.4536 kg. 
1 kg=2.2046 lb. 
1 mi.=1,609.35 .m=5,280 ft. 
1 m=3.2808 ft. 


