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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 

L~ngth ____ _ 
Time ______ _ 
Force _____ _ 

Symbol 

I 
t 
F 

Metric 

Unit 

meter ___________________ _ 
second __________________ _ 
weight of one kilogram ____ _ 

Symbol 

m 
sec 
kg 

English 

Unit Symbol 

foot (or mile) _________ ft. (or mi.) 
second (or hour) _______ sec. (or hr.) 
weight of one pound lb. 

PoweL_____ P kg/m/sec ___________________________ horsepoweL __________ HP. 

Speed_ -- --- ---------- {~il:L~~~==== ====== = ===== === ======= ~ti~~================ ri/'~. H • 

2. GENERAL SYMBOLS, ETC. 

W,W eight, =mg mk2
, Moment of inertia (indicate axis of the 

g, S tandard acceleration of gravity = 9.80665 radius of gyration, k, by proper sub-
m/sec. 3 =32.1740 ft. /sec.2 script). 

m,M W S, Area. 
ass =-

Sw, Wing area, etc. ' g 
p, D ensity (mass per unit volume) . G, Gap. 
Stan dard density of dry air, 0.12497 (kg-m- " b, Span. 

se c.') at 15° C and 760 mm=0.002378 Clb.- c, Chord length. 
ft .-4 sec.2). b/c, Aspect ratio . 

Spe cific weight of "standard" air, 1.2255 j, Distance from c. g. to elevator hinge. 
k g/m3 = 0.07651 Ib./ft. 3 IL, Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

"V, True air speed. 

D . (.) 1 q, ynamlC or Impact pressure = 2 p va 

L, Lift, absolute coefficient OL= ~ 

D, Drag, absolute coefficient OD = :s 
0, Cross - wind force, a b so l ute coefficient 

o 
OC=qS 

R, Resultant force. (Note that these coeffi­
cients are twice as large as the old co­
efficients Le, Dc·) 

tw Angle of setting of wings (relative to thrust 
line) . 

.;, Angle of stabilizer setting With reference to ... , 
thrust line. 

'Y, Dihedral angle. 
Vl R eynolds Number, where Z is a linear 

P J;' dimension. 
e. g., for a model airfoil 3 in. chord, 100 

mi./hr. normal pressure, 0° C: 255,000 
and at 15° C., 230,000; 

or for a model of 10 cm chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 

Op, Center of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chorcl length) . 

{3, Angle of stabilizer setting with reference 
to lower wing, = (it -iw) . 

(x, Angle of attack . 
E, Angle of down wash . 
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TECHNICAL REPORT No. 326 

TESTS OF FIVE METAL MODEL PROPELLERS WITH VARIOUS PITCH 
DISTRIBUTIONS IN A FREE WIND STREAM AND IN COMBINATION 
WITH A MODEL VE-7 FUSELAGE 

By E. P. LESLEY and ELLIOTT G. REID 

SUMMARY 

This report describes the tests oj five adjustable blade metal model propellers both in a jree wind 
stream and in combination with a model juselage with stub wings, which were conducted at Stanjord 
University under re earch authorization oj the National Advisory Oommittee j01' Aeronautics. 
The propellers are oj the same jorm and cross section but have variations in radial distributions oj 
pitch. By making a survey oj the radial distribution oj air relocity through the propeller plane oj the 
model juselage it is jound that this velocity varies jrom zero at the hub center to approximately 
jree stream velocity at the blade tip. 

The tests show that the eificiency oj a propeller when operating in the presence oj the airplane 
is, over the working range, generally less than when operating in a jree wind stream, but that a pro­
peller with a radial distribution oj pitch oj the same nature as the radial distribution oj air velocity 
through the propeller plane su:ffe1's the smallest loss in efficiency. 

INTRODUCTION 

In the de ign of propellers it is generally customary to assume that the axial velocity 
through the propeller disk is uniform. It has recently been demonstrated (reference 1), how­
ever, that such is not the case; the velocity through the propeller plane of a fuselage of con­
ventional form is relatively small in the immediate vicinity of the fuselage. The purpose of 
the present investigation was to determine the importance of considering this feature ~~ the 
design of propellers. To this end, the performance characteristics of five model propellers, 
alike in plan form and blade sections and having approximately the same mean pitch, but with 
various radial distributions of pitch, have been determined both in the free stream and in the 
pre ence of a model fuselage. 

A model VE--7 fuselage with stub wings was chosen as a typical slip stream obstruction. 
The form of the model fuselage is shown in Figure 1. The scale ratio between the model and 
full size is 0.3674, thus giving a ruameter of 3 feet for the model propeller, and a chord of 20 .39 
inches for the model wing. The model propellers are shown in Figure 2. The blades of all 
models are adjustable and all fit a single hub. Propeller A is, at the blade angles shown, of 
uniform geometric pitch and has a geometric pitch/diameter ratio of 7/10. Propellers B and C 
are of the same form and pitch as A from hub to 10.8-inch radius; from this point to the tip 
B is gradually increased in pitch and 0 is gradually decreased. Propellers D and E are the 
same as propeller A from the 10.8-inch radius outward; from this point toward the hub the 
blade angles of D are increased and those of E are decreased. 

Reference 1. The Effect of the Sperry Mes enger Fu elagc on the Air Flow at the Propeller Plane. By Fred 
E. Weick. I. A. C. A. Technical ate No. 274. 
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4 REPORT ATIO AL ADVISORY COMMITTEE FOR AERO A UTICS 

PROGRAM OF TESTS 

The program for tests was as follows : 
1. Te ts in an unobstructed wind stream. 
(a) T ests of propeller A with blades set at the designed angles. 

Reduction of ob el'ved data to the u ual coefficients 

o - Power 0 _ Thrust 
p- pn3D5' T- pn2D4 

and 7J =efficiency, and plotting of same on absci sa of V/nD. 
Calculation of speed power coefficient 

and plotting same against V/nD and efficiency, thu determining value of such coeffi­
cient for maximum efficiency. 

EE.84S" 

A -A 
S9"~ 

'\....3.67'-' 
o 5 10 15 CO" 
,, '!""II'!!"!""! 

~ .. <S'. ' 
..n 1-.. 
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10.87.] 
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~~.1 10.09 ~ 
M-M 

Scale Half secfians 

FIGURE l.-Wind tunnel model of VE-7 airplano 
Chord, 20.36 inches; gap, 20.55 inches; stagger, 4.13 inches; angle of wing setting (upper wing) 

1° 45'; lower, 2° 15'. 

(b) Preliminary te ts of propellers B, C, D , and E at variou blade settings and at values of 
V/nD in the neighborhood of that for ma)..-imum efficiency, to determine the etting giving maxi­
mum efficiency for the same value of the speed-power coefficient 

as that determined for propeller A at maximum efficiency. 
(c) Complete tests of propellers B, C, D, and E at the settings determined by (b) . 
2. Tests of model propellers in combination with the VE-7 model fuselage and stub wings. 
(a) Tests similar to 1 (a) . 
(b) Tes ts similar to 1 (b). 
(c) T ests similar to 1 (c). 
3. m vey of the velocity distribution at the propeller plane of the VE- 7 model. 
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Propeller 

C 

TEST OF FIVE METAL MODEL PROPELLERS 

Sections taken looking from hub to tip 

FIGURE 2.-?l[odel propellers A, B, C, D, and E , with va rying pitch d istribution. hut witb no cbange in blade section dimensions 
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SET-UP OF APPARATUS A D METHOD OF TESTS 

The apparatu for the free wind tream test i shown in FigUl'e 3. The model propeller 
are mounted on the shaft of a cradle type dynamometer placed at the axis of the wind tunnel. 

FIGURE 3.-Arrangement of apparatus for free stream tests 

The dynamometer barrel, containing the 
driving motor at the rear end, i long and 
tapering, the te t propeller being 5 }~ feet in 
front of any appreciable ob truction and thus 
in a ,vind tream of sen ibly uniform velocity. 

Torque and thru tare measUl'ed dU·ectly. 
Re' -olution are recorded upon a chronograph 
and wind peed i determined from the pre sure 
reduction in the experiment chamber and the 
air density, the relation between experiment 
chamber pressure reduction and dynamic pres­
ure having been previou ly determined from 

a survey with a pitot tube. Air den ity i de­
termined from ob orved dry and wet bulb tem­
perature and barometric pre SUl'e by reference 
to tables of General pecifications- Appendix 

, Instructions for Oalculating and Te ting 
Ventilating System, Bureau of Oon truction 
and Repair, United tates Navy Department. 
The u llaI test procedure i as follows: 

. 1. Oheck torque and thrust zeros. 
2. Ifith wind speed of abont 66 feet per 

second, adjust angular velocity of propeller to 
give zero thrust and make simultaneous ob er­
yations for thrust, torque, angular velocity and 
wind velocity. 

3. !ncrea e thrust in suitable increments to give well distributed spots on graphs by in­
creasing angular velocity and make similar ob ervaLions. Thi process i continued (with 3-
foot models) until a thrust of 
30 pounds i reached. The 
lip i increased for additional 

ob ervations by reduction of 
wind velocity until the tunnel 
fan i shut down entirely, the 
velocity for the la t observ&,­
tion being only that induced 
in the tunnel by the action of 
the model propeller itself. 

The set-up for test of 
the propell I' in combination 
with the VE- 7 model fuselage 

hown in Figure 4. 
In former te ts of tbi 

kind the model airplane was 
upended by wires a shown 

and the drag was measUl'ed 
by means of a balance forward 
of the experiment chamber 
the connection to the balance 

FIGU RE 4.-Arrangement of apparatus for test with model fuselage 

being a wire with suitable bridle around the propeller. Preliminary tests were made to deter­
mine the drag of the model without the propeller. The drag of the model was also measured 
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TESTS OF FIVE METAL MODEL PROPELLERS 7 

with the propeller in operation. The thrust of the propell~r was measured as in the free 
wind stream tests. For determining the propeller characteristics when operating in combi­
nation with the model, the propeller was credited with a thrust equal to T- (R1 - Ro) in which 
Tithe pull upon the propeller shaft as indicated by the thrust balance, Ro the resistance of the 
model in a free wind stream and RI the re i t­
ance of the model \I hen influenced by the 
propeller. 

In the pre ent te t a method impler 
for experimental observation, but giving the 
arne final result, was employed. Tbe model 

airplane was suspended by wire a before. 
1\. drag yoke connecting the model to the 
thru t bearing of the dynamometer wa pro­
vided. 'fbi yoke insured no interference with 
or effect upon the torque balsn e. The drag 
of the model Wll thus indicated as a nega­
tive thru t by the thrust balance beam. 

A preliminary test was made to deter­
mine the drag or resi tance of the model 
alone. 

The procedure for test of model propel­
ler in combination with the model fuselage 
was the same as that for the tests in a free 
wind stream, except that the observations 
were started at a negative yalue of the total 
for(,e upon the propeller haft about equal to 
the drag of the model fn elage alone 0 thftt 
the propeller was delivering tmder thi con­
dition approximately zero efrective thrust . 

With the drag of themodelcomnllmicated 
to the thrust balance, it i evident that the 
fore measured by the thrust balance i T - R I , 

T being as in preyiou te ts the pull exerted 
FIGURE 5.-Apparatus for velocity survoy 

by the propeller and RI the resistance of the model under the action of wind and slip stream. If to 
T - RI is added the re istance of the model in a free wind stream, Ro, the result is T - RJ + Ro or 
T- (R1 - Ro) the quantity which was determined in previous te ts when the drag of the model as 
inflllenced by the slip stream was mcasmed independently. 

The velocity survey of the prop lier plane was confined to three radii, the upward and 
downward verticals and one horizontal. Observations were made at 2-inch intervals out to 
the 24-mch radius. The arrangement of the suney apparatu is~illu trated by Figure 5. The 
small pitot tube, built to meet pace limitations, was calibrated, while attached to its supporting 
bar, by comparative tests with a standard ational Advisory Committee for Aeronautics pitot 
tube. 
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RESULTS OF TESTS 

The result of free wind stream tests on propeller A are ",iven in T able I a and are hown in 
Figure 6. From the figure it is seen that the maximum efficiency i somewhat above 81 per 
cent and that the corre ponding value of the speed-power coefficient is 1.75. Preliminary tests 
near the point of maximum efficiency for propellers B , C, D , and E gave the following results : 

Propeller 

B _. ________ ____ ___ ___ _____ ____ ______ _________ _ 
B __ ___ _____ _____ ___________ ______ _______ __ ___ _ 
B __ ___ _________________ ______ ________________ _ 

C __________ ____ __ _ . ________ ___ _______________ _ 
C __ ___ ________ ____ _________ ___ _____ _____ _____ _ 

I Blade set­
tingst 10. -
inch radius 

20-25 
17-25 
18-15 

C ____ ________ ______ ____ ___ ______ ____ _____ ____ _ 

20-25 
21-55 
22-15 
23-05 C _____ _________ ________ ___ __ ______ ___ ______ _ _ 
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Propeller 

2.00 D ________ ______ _______ _______________________ _ 
1.60 D ______ ________ _____ _________________________ _ 
I. 75 D _______ __ ___ ______ __ ____ __ ______ ___ _________ _ 

D ___ ___ ______ _______________ ______ __ _________ _ 
I. 24 1.60 E ____ ___ _____________ __________ ______________ _ 

I I Speed 
Blade set- power coef­

ting at 10. - ficient for 
inch radius maximum 

efficiency 

20- 25 
19-00 
19- 30 
19- 55 

1.90 
1.60 
I. 65 
I. 75 

20-25 I. 65 
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FIGURE 6.-Propeller A in free wind stream 
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FIGURE 7.- Propeller B in free wind stream 

From the above it was determined that the settings for B, C, D , and E at the 10. -inch 
radiu to give a speed-power coeffi ient of 1.75 at maximum efficiency were as follow 

PropelleL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ BCD E 
Setting at 10.8-inch radiu ___ ______ 18.20 23.10 19.90 20.70 

It may be noted that the angle of B are decreased 2.2° and those of C are increased 2.7°. 
Likewise the angles of D are decreased 0.5° while those of E are increased 0.3°. 
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Some apparent incon i tency in the changes required led to the mea Ul'ement of the angle 
011 all propeller from the 10. -inch radiu outward. No attempt wa made to mea ure the angle 
in ide of the 1O.8-inch radius, since the ections are cambered on the driving face and no accurate 
method for mea uring wa available. The angle of corre ponding ection for two blade of a 
ingle propeller were found to diO'er, in some cases, by 0.1 °. The mean angles (for two blade ) 

showed no diITerence from tho e of Fio-ure 2 greater than 0.2°. 
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FIGU RE 8.-Propeller C in free wind stream 
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FIGU RE 9.- Propeller D in free wind stream 

Assuming that the angle of the ection in ide of the 10.8-inch radius were, in relation to 
angle at the 10. -inch ection, a shown by Figure 2, the angle of all ection were, for the settings 
used, as follows; 

Angle of section- I 
_______________ ~-inch 5A-inch S.I-inch 10 -inch 13.5-inch 16.2-mch 

-1----- Radius 

A _ ___ _ _ ______ . ______________ . _______ ________ ___ ____ ________ ___ _ 56. I 36.7 26.4 20.4 16. 5 14.0 B ____________ __ ________ ._____ _ _ _______ ___ _____ _ __ ___ ______ _ _ 
53. 9 34. 5 24.2 1 .2 16.0 16. i 

(' - - - . - - ----------- - ------- --- - - ----- -- --- ------- -- - --- ---------- -D____ __ ___ __________ _ _______ _ _____ _____ _ _______________ ___ __ __ ___ _ ____ _ 
]~------ ----------- - --- - ------._---- - ----- .. ------------- - --.-----------.------

5. I 39.4 29. I 23.1 17.9 11. 
69. 41.2 27.4 ]9.9 16.0 13.2 
42.2 32.0 25.2 20.7 Ii. 1 14.3 

iiODS0°-29 - :! 
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The results of complete tests in a free wind stream for propellers B, 0, D, and E are given 
in Tables Ib, Ic, Id, and Ie and are shown in Figures 7, ,9, and 10. 

The observed data from the preliminary tests of the model VE- 7 for drag without lip tream 
are shown in Table II and Figure 11. 

The results of te ts of propeller A in combination with the model VE-7 are given in Table 
lIla and ar hown in Figure 12. As tated previously the thrust credited to the propeller i 
the ob erved total force on the haft a hown by the thru t balance plus the resistance, Ro, 
corresponding to the ob erved dynamic pre ure and read from the graph Figure 1l. For 
till rea on the initial value of thru t i not zero as in the ca e of the unob tructed wind stream 
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FIG URE 1O.-Propellcr E in free wind stream 
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test, it being impracticable to determine in advance the exact value of dynamic pre ure that 
would be encountered and thus adjust the propeller speed to give a total reaction upon the 
shaft equal in amount to the re istance of the model without slip stream effect. 

Figure 12 hows that the maximum efficiency of propeller A, when operating in front of 
the model, i slightly over 76 per cent and that this efficiency occur at a speed power coefficient 
of l. 5. 

Preliminary te t of propellers B, ,D, and E in combination with the VE- 7 model showed 
that no change of the etting derived in the free tream preliminary te t were required, the 
value of the peed-power coefficient being, at the e settings, 1. 5 for maximum efficiency. 
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T he results of complete te ts of propellers B, C, D , and E in combination with the model 
plane are given in Table lIIb, lIIc, lIId, and lIIe and are shown in Figures 13, 14, 15, and 16. 

T able I V and Figure 17 how the re ults of the velocity survey at the propeller plane. I n 
thi urvey preliminary tests showed that the ratio of veloci ty at any poin t to free stream velocity 
was practically independent of the velocity employed . Figure 1 shows the ratio of mean velocity 
in t he propeller plane to free tream velocity . Thi figure i determined by taking the mean 
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of the ordinates of Figure 17, but including the ordinate for left side twice, it being assumed 
that the velocity distribution i symmetrical in a horizon tal plane. 

DISCU SIO 

Inspection of Fig ures 6, 7, ,9, and 10 reveal tha t, 0 far as can be judged [rom free stream 
performance, no one of the e propellers ha a striking advantage over any other. With pos ibly 
a light advantage in favor of A, propellers A, D , and E are about equal with a peak efficiency 
of somewhat over 1 per cen t. For B and the peak efficiency is clo e to 80 per cen t , B 
ap pearing to be slightly the better. 
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eglecting inflow velocity, the angles of attack of the various sections of the five propeller , 
when operating in a wind stream of uniform velocity and at V/nD for maximum efficiency, are 
as follows: 

ANGLES OF ATTAC K OF ECTIONS AT FinD FOR iAX1i\IUi\I EFFICIENCY FOR PROPELLERS 1:-.1 FREE WIND 

Radius 

Angles of attack of section- -

___________________ 2.7-inch \5.4-inCh .1-inch 10. -inch 13.5-inch 16.2-incb 1 -inch 

_\ - ----------------------------------------------------------------------B _____________________ ________________________________ ------------------
C ________________________ ___ __________________________ ------------------
D ______________________________________________ --------------- - -------
E ___________________________ __________________ ------- - - ---------------
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The e angle are shown graphically m Figure 19. Without knowing the aerodynamic 
characteri tic of the ection, it i of cour e impo ible to ay what the optimum angles of 
attack are, but a uming that they are moderate and approximately uniform, it would appear 
from Figure 19 that propeller A should be the be t. It would eem, too, that D and E hould 
be next, becau e of the relative importance of the outer section , and that Band hould be 
poorest. It might be expected that D and E would be appreciably inferior to A, but, in view 
of the fact that there i only a little more than 1 per cent difference in the p ak efficiencies of 
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the be t and worst propellers (A and C) the ligh t differences found in A, D , and E are not 
w·prising. 

For the te ts in combination with the model fuselage it is seen from Figures 12 to 16 that 
all propellers show a decrea e in peak efficiency from that determined by the free stream tests 
and an increase in VjnD for zero thru t . This is in agreement with previous tes ts of a similar 
nature. (Reference 2.) 
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The decrease in peak efficiency is, however, not the same for all propellers, 0 that the 
peak efficiencies attained are as follows : 
PropeUer _________________ _________________ ___________ _ --------------
Peak efficiency ,yith model fuselage, per cent ______________ ______________ _ 

A B 
76Y. 76% 

C 
75 

D 
75 

E 
79 

Reference 2. Interaction between Air Propeller and Airplane Struct ures, by W. F. Durand . N . A. O. A. 
Technical Report No. 235. 
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Again, neglecting inflow velocity and a uming a radial velocity di tribution as shown by 
Figure 1 , the angle of attack for the variou ections of the :five propellers when operating in 
front of the model fuselage at V/nD for maximum efficiency are a follows: 
A TOLES OF _\TTACK OF SECTIO AT VlnD FOR MAX IM M EFFI IENCY FOR PROPELLERS IN COM BlNATlON 

IVITII lIIODEL FU ELAOE 
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Angles of attack of section-
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mum effiCiency. Free wind stream 
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These angles are hown graphically in Figure 20. The angles for ·propeller E are small and 
nearly uniform and have probably somewhere neal' the optimum values. The angles for A and 
B are without doubt distinctly Ie s favorable for high efficiency and tho e for 0 and D may bf\ 
even worse. 

CONCLUSIONS 

It has been demonstrated by these te ts that the reduction of propeller efficiency caused 
by the pre ence of an obstruction in the lip stream is minimized by giving the propeller a radial 
distribution of pitch similar to the radial distribution of velocity through the propeller plane 
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which exists under the conditions of operation. In other words, a propeller so designed that 
all its blade sections actually attain their optimum angles of attack at the condition of maxi­
mum efficiency is appreciably superior to the conventional constant pitch propeller for use in 
the presence of a lip stream obstruction. 

STA FORD UNIVER ITY, 

December, 1928. 

T ABLE l a.-PROPELLE R A 

p V',·'t·eylOC- r. p. s. 
spec. wt. , n 

slugs/cu. rt. It./sec. 

[Free winr! stream] 

V/nD I C _ Thrust 
T- pn'D' 

---1-- ------1----1----1------1-----1----1----
4. 760 0.002264 
4. 57 .002262 
4.996 .002240 
5.013 .002234 
4. 936 . 002234 
4. 993 . 002234 
5. 097 . 002231 
5. 1O!{ .002232 
5. 244 . 002234 
.5.375 .002234 
5. 54 2 . 002235 
3. 192 . 00223 
1. 354 . 002241 
. 2525 . 00224 2 

~~pV' 

4.919 
4.9 0 
5.028 
5.072 
5. 10-1 
5.139 
5.095 
5.176 
5.223 
5.40 
5.671 
3.226 
1. 422 
. 2·193 

4.796 
4.894 
4.919 
4.969 
4. 2 
4.7iO 
4. 0 
4. 984 
5.194 
5.399 
5. 626 
3. 121 
I. 479 
.2462 

~ 
spec. wt. 

slugs/cu. rt. 

0.002259 
.002254 
.002252 
.002250 
. 002246 
.002243 
.002'246 
.002245 
.002243 
.002243 
.002242 
.002246 
. 0022·19 
.002250 

p 
spec. wt. 

slugs/cu. ft. 

0.002242 
.002239 
. 002236 
.002234 
.002233 
.002233 
.002233 
.002234 
.002233 
.002232 
.002232 
.002235 
.002240 
.002211 

64.85 25.83 
65.55 27. 00 
66. 0 28. 72 
66.98 29.7 
66.45 3l.I6 
66. 7 33. 28 
67.62 35. 82 
67.92 38.50 
68.54 41. 90 
69.35 46. 60 
70.41 51. 76 
53.40 4 .20 
34.77 44. 85 
15.01 42.70 

V, ve]oc- r. p. s. ity, 
rt./sec. n 

------
66.00 26.85 
66.50 27. 90 
66. 1 29. 30 
67.15 30.31 
67.40 31. 2 
67.66 33.93 
67.32 36.23 
67.92 3 .96 
68. 23 42. 20 
69.40 46.73 
71. 12 52. 07 
53.56 48. 50 
35. 55 45. 33 
14. 9 43 . 0 

--

V, yolo 
itl' 

rt.jsec 
c-

65.41 
66.14 
66.30 
66.6 
66.14 
65.3S 
6.i.93 
66. 82 
68.23 
69.55 
71. 00 
52.85 
36.34 
14. 2 

r. p. s. 
n 

25. 20 
26.29 
27 . 7 
2 . 9 
30. 57 
32.52 
35.16 
3 . 09 
41. 59 
46.14 
51. 43 
47.85 
45.01 
42.48 

-

667. 2 
729. 0 
24. 
6. 

970. 9 
1,10 . 0 
1,283.0 
1,4 2. 0 
1,756. 0 
2,172. 0 
2,679. 0 
2,323. 0 
2,016.0 
1,823.0 

o 
. 7592 

2.025 
3. 037 
4.555 
6.580 
9.111 

12.15 
16.20 
22.27 
30.37 
30.37 
30. 37 
30. 37 

0.4579 0.8366 
.7440 092 

I. 193 .7751 
1. 528 .7494 
I. 999 . 7106 
2.626 . 669 
3. 370 .6290 
4. 209 .587 
5. 320 .5452 
6. 860 . 4960 
. 859 .4533 
.008 .3691 

6.958 .2584 
6. 162 .1171 

T ABLE l b.-PROPELLE R 

[Free wind stream] 

n' Thrust, lb. rl"'orqu6, 
lb.-It. V/nD 

------
721.0 0 0.5624. O. 19'1 
77 .4 .7592 . 8092 .7946 
858.5 2. 025 1.244 .7601 
91 .7 3.037 1. 563 . 73 

1,013.0 4.555 2.056 .7061 
1,151. 0 6. 580 2.64 .6646 
1, 313.0 9.111 3.362 .6193 
1,51 . 0 12.15 4.204 . 5 11 
1,7 1. 0 16.20 5.295 . 5390 
2,184.0 22. 27 6. 6 .4952 
2,711. 0 30.37 .94 .4553 
2,352.0 30.37 .076 .3681 
2,055. 0 30. 37 7.369 .2614 
1,91 .0 30. 37 7.170 .1133 

T ABLE l e.-P ROPELLE R 

[Free wind stream] 

n' Thrust Ib I Torque, , . lb.-ft. V/nD 

-- ---
635.0 0 0. 5500 O. 652 
691.2 .7592 . 79 .8386 
776.7 2.025 I. 246 .7930 
839. 3.037 1.5 .7670 
934.5 4.555 2. 065 . 7212 

1,05 . 0 6.580 2.65 .6702 
1,236.0 9. III 3.394 .6251 
1,451.0 12.15 4.295 .584 
1,730.0 16.20 5.395 .5468 
2,129. 0 22.27 6.95 . 5025 
2,645.0 30.37 9.014 .4602 
2,290.0 30. 37 8. 060 .3682 
2,026. 0 30.37 7.100 .2692 
I, 05.0 30.37 6.107 .1163 

B 

o 
.005684 
.01353 
.01 92 
. 02594 
.03283 
. 03930 
.0-1533 
.05100 
. 05670 
.06264 
.07208 
.08300 
.09174 

C Thrust 
T= pn'D' 

0 
.005343 
.01294 
.01 13 
.02472 
.03149 
. 03 16 
.04400 
. 05006 
.05612 
.06167 
.07096 
.08112 
. 068 

C 

C _'l'hrust 
T- pnl.D-f 

0 
. 006058 
.01439 
. 01998 
. 02696 
.03439 
.0-1077 
.0-1626 
.05176 
.05790 
. 06354 
.07325 
.08265 
.092il 

0.00783 
.01167 
.01669 
. 0199'1 
.023 2 
.02743 
.03044 
.03290 
.03507 
.03654 
.03825 
.039 1 
.03982 
.03000 

C _Powe.': 
P- pn' D' 

0. 008934 
.01193 
.01665 
.01955 
.02336 
.02652 
.02950 
.03192 
.0342 
.03620 
.03784 
.03956 
.04125 
.0429 

C _Pow~ 
p- pnlD' 

0.009992 
.01335 
.01 7 
.021 
. 02561 
.02911 
. 031 2 
.03429 
.03612 
.037&9 
.03952 
.04075 
.040-16 
.03907 

Efficiency 
~ 

0 
.3559 
.5906 
.6848 
.7472 
.7 91 

007 
004 

.7 70 

.7678 

.7420 

.6606 

.5140 

.2290 

---

Efficiency 
~ 

0 
.3806 
.6145 
.7004 
.7592 
.7918 

007 
.7940 
.7836 
.7 0 
. i400 
.661 
.5499 
.2760 

7.235 
5. 453 
4.095 
3.443 
2.761 
2.21 
1.79 
1.459 
1.171 
.9063 
. 7080 
.4146 
.1704 
.02376 

&~ Cp, - Pn' 

6.425 I 
5.150 
3.903 
3.350 
2.737 
2.210 
1. 756 
1. 442 
I. 153 
.907 
.717 
.414 
.171 
.021 

-JPv
' Cp,= pi' 

6. 965 
5. 569 
4. 106 
3.479 
2.758 
2.154 
1.732 
1.412 
1.164 
. 919 
. 721 
. 408 
. 1 6 
.023 
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~p v' l spet. wt. slugs/cu. ft-

4.715 0.0022 4 
4..802 . 002280 
4. 912 .002276 
4.934 .002275 
4. 875 .002270 
4.957 .002269 
4.802 .002270 
4.87 . 002270 
5.036 .002270 
5. 293 .002267 
5. 526 .002264 
3.019 .002267 
1. 322 

I 
.002269 

.232 .002272 

p 
HpV' spec. wt . 

slugs/cu. ft. 

---
4.96 0.002337 
4.994 . 002337 
5.105 .002333 
5.100 . 002333 
5.201 .002332 
5.323 .002329 
5.425 .00232 
5.425 .002328 
5. 594 .002349 
5.542 .002328 
5.703 .002328 
5. 906 .002328 
2.972 . 002331 
1.190 . 002334 

. 227 . 002335 

J.~pV' 
p 

spec. wt. 
slugs/cn. ft. 

4.764 0.002271 
4.800 .00226 
4. 50 .002268 
4. 78 .002264 
4.936 .002262 
4. 483 .002263 
4.533 . 002262 
4.641 .002262 
4. 20 .002261 
5. II I .002260 
5.422 . 002258 
3.119 .002261 
1. 384 .002266 
. 1981 .002267 

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

V, "eloc- I ity, 
ft. /sec. 

64.27 
64.92 
65.65 
65.82 
65.53 
66.0 
65.06 
65.55 
66.60 
6 .34. 
69.90 
51. 60 
34.13 

\ 
14.29 

V, veloc-I 
ity, 

fl. /sec. 

65.32 
65.36 
G6.20 
66.18 
66. 0 
67.58 
68.26 
6 .26 
69.01 
68.99 
69.98 
71. 20 
50.50 
31.95 
13.96 

V, ,-eloc-
ity, 

ft. /sec. 

64. 0 

I 
65. 07 
65.40 
65.66 
66.07 
62. 93 
63.32 
64.07 
65.34 
67.26 
69.32 
52.54 
34.97 
13.22 

TABLE l d.- PROPELLER D 

[;Free wind stream] 

I r. p. s. 'T'hrust, lb. Torque, V/l1D Thrust 
11 11' lb.-ft. CT-= pni jjl 

--- - ---
25. 2 666. 7 0 0. 5201 O. 29 0 
26.93 725.2 0.7592 .7 14 .8033 .00567 
28.64. 20.2 2.025 1. 209 .7640 . 01339 
29.72 .3 3.037 I. 528 . 73 . 01 66 
31.15 970. 3 4.555 1. 969 .7012 .02553 
33.42 1,117. 0 6.580 2.576 .6591 .03204 
35.58 1,266.0 9. III 3.273 .6095 .03913 
3 .47 1, 480 0 12.15 4. 0 .5 0 .04464 
42.12 I, ;;4. 0 16.20 5.154 . 52il .04.966 
46.91 2, 201. 0 22.27 6.767 .4 56 . 05514 
52.37 2,743. 0 30.37 .786 . 4450 .060'10 
48. 62 2,364.0 30.37 7.947 .353 .06994 
45.92 2.109. 0 30.37 7.168 .2477 .07832 
43.93 1,930. 0 30.37 6. 819 .10 4 . 0 552 

TABLE l e.- PROPELLER E 
[Free wind stream] 

r. p. s. Torque, Thrust 
11 n' rl'hrust, lb. lb .-ft. V/l1D 

CT= pn'D' 

---
26.52 703.3 0 0.5421 O. 214 0 
27.37 749.1 .7592 . 8007 .7960 . 005354 
2.9 39. 2.025 1. 209 .7614 .01277 
29.98 9 . 3.037 1. 55.2 .7359 .017 
31. 58 997.3 4.555 2.04'9 .7052 .0241 
33. 5 1,146.0 

I 
6.580 2.616 .6655 .03046 

36.26 1,315.0 9.111 3.362 . 6276 .03675 
38.9 1,519.0 12.15 4.202 .583 .04214 
39.03 1,523.0 12.15 4.197 .5895 .0-1'195 
42.12 1,774.0 16. 20 5. 282 . 54CO .04845 
46.64 2,175.0 22.27 6. 68 .5002 .05430 
51. 70 2, 673.0 30.37 71 .4590 .06025 
47.01 2,210.0 

I 
30.37 7.778 

I 
.3581 . 07280 

43.81 1,919.0 30.37 6. 794 .2431 . 08370 
41.38 1,712.0 30.37 5. 769 .1125 . 09380 

TA BLE II.- DRAG OF THE VE-7 M ODEL 

T_ p. s. 
n 

- --
24.40 
25.63 
27.36 
28.69 
30.54 
31. 81 
34.57 
37.82 
4\. 67 
46.6 
52.51 
49 . 41 
46. 
44.70 

I 
~p V' Drag, I ~p V' Drag, I lb. lb. 

- ----- ---- ---
0.2258 

.7280 
I. 0665 
l. 27 0 
1.5695 
1.9920 
2.200 
2.557 
2.69 
3.147 

0.23 
.72 

1.05 
I. 25 
I. 53 
1. 93 
2.12 
2.46 
2.60 
3.00 

3.428 
3.960 
4.276 
4. 69 
4.857 
5. 288 
5. 7S3 
5.976 
6. 997 

3.28 I 3.75 
4.05 
4.39 
4.54 
4.91 
5.35 
5.50 
6.35 

TABLE lIIa.- PROPELLER A 

[With model fuselage! 

n' Thrnst, lb. Torque, 
lb.-ft. V/nD 'T'hrust 

CT- pn'D' 

- - -
595.4 -0.05568 0.3 O. 50 -0.0005083 
656.9 +. 7541 .7092 459 +.00624 
74 . 6 2.055 1. I 0 : 7966 .01495 
23.1 3.093 1.588 .7625 .02049 

932.7 4.657 2.148 .7208 . 02726 
1,012.0 6.535 2.700 .6592 . 03522 
1,195.0 9.106 3.476 .6105 .04160 
1,430.0 12. 27 4. 410 .5646 .04683 
1,736.0 16.46 5.592 .5226 .05175 
2,179.0 22.66 7.328 .4 01 .0567 
2,760.0 30.7 9.542 . 4397 .06096 
2,441. 0 30.54 .561 .3543 .06832 
2,198.0 30.17 7. 684 .2486 .07480 
1,99 .0 30.37 6.89 . 09 6 . 08280 

Power Efficiency 
Cp - pn'J ])J " 

0.00883 0 
.012225 .3726 
.01676 . 6104 
. 01967 .7003 
.02312 .7743 
.02629 32 
. 02946 :8095 
.0314.3 .8066 
.03309 . 7910 
. 03509 .7630 
.03660 .7343 
.03835 .6453 
.03 74 .5007 
.0·1023 .230-1 

Power Efficiency 
Cp - pn' D' " 

0.008536 0 
.011836 .3598 
.01596 .6090 
.01914 . 6 70 
.02278 .74 2 
.02534 .7994 
.02840 

I 
120 

.03072 : 8033 

. 03033 152 

.03£0 .7996 

. 03510 .773 

.036 6 

I 
.7504 

.03904 .6676 

.03920 .5190 

.03733 .2826 

Power Efficiency 
Cp- pl1 ' lJ' " 

0.00728 -0. 061 
.01231 .4295 
.0179 .6624 
.02202 .7094 
. 02632 .7466 
.0304 .7615 
.03323 .7640 
.03510 .7530 
.03685 .7338 
.03847 .706 
.039 .6770 
.04012 .6034 
.03991 .4659 
. 03939 .2072 

I 
-JPlI'\ CP1- Pn'J 

6.667 
5.228 
3.9'10 
3.335 
2.70·1 
2.173 
1. 690 
1. 370 
1. 110 
.87 
.692 

I 
.380 
.1;;5 

I .019 

.JP-
V

' Cp,= Pn' 

6.620 
5. 190 
4.002 
3.355 
2.763 
2.273 
I. 853 
1.45 
1. 533 
1. 212 

. 945 

.744 
9 

I 
. 14 
. 0189 

pI" 
Cp -

1 Pn' 

8. 639 
5. 933 
4.223 
3.423 
2.720 
2.020 
1. 599 
1. 278 
1. 0 
.8133 
.6453 
.3730 
.1545 
.0154 



~pV' 

4. 742 
4. 02 
4. 17 
4.849 
4.947 
4.683 
4.600 
4.713 
4.907 
5.152 
5.523 
2.960 
1. 295 
.1926 

4.775 
4. 1 
4.940 
4.966 
4.988 
4.640 
4.753 
4. 61 
5.067 
5.413 

5.730 I 3.126 
1. 307 
. 1847 

~pV' 

4.892 
4.911 
4.965 
5.007 
5.055 
4.709 
4.789 
4.895 
5.061 
5.343 
5. 654 
2.972 
1.274 
.1934 

P 
spec. wt. 

slugs/cu. ft. 

0.002261 
.002256 
.002254 
.002252 
.002256 
.00224 
.002249 
.002250 
.002235 
.002247 
.002245 
.002248 
.002252 
.002253 

p 
spec. wt. 

slugs/cu. ft. 

0.002242 
.002240 
.002237 
.002236 
.002235 
.002235 
.002231 
.002232 
.002232 
.002231 
.002230 
. 002232 
.002237 
.002238 

p 
spec. wt. 

slugs/cu. ft. 

0.002260 
. 002255 
.002253 
. 002251 
.002246 
.002249 
.002249 
.002249 
.002247 
.002246 
.002244 
.002247 
.002249 
.002256 

V, veloc-
ity, 

ft./sec. 

64.78 
65.25 
65.40 
65.66 
66.22 
64.53 
63.97 
64.74 
66.24 
67.71 
70.18 
51.32 
33.92 
13.68 

V, ve 
ity 

ft./sec 

loc-
, 

65. 
66. 
66. 
66. 
66. 
64. 
65. 
66. 
67. 
69. 
71. 
52. 
34. 
12 . 

26 
02 
46 
66 
2 

43 
28 
00 
42 
68 
67 
94 
17 
85 

V, veloc-
ity, 

ft./sec. 

65.80 
66.00 
66.42 
66. 70 
67. 10 
64. 70 
65.25 
66.00 
67. 12 
69.00 
71. 00 
51. 40 
33.67 
13.09 
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TABLE IIIb.-PROPELLER B 

[With model fuselage] 

r. p. s. TOrqUe, ' Cr= Thrust Cp=Power Efficiency /Pv., n n' Thrust, lb. lb.-ft. V/nD n CI'I= , -pn'D' pn'D' Pn' 

24.72 611.1 -0.06074 0.39 2 
, 

0.8733 -0.000543 0.00746 -0.0636 8.427 
26.00 676.0 + .7521 .73 6 .8362 +. 00609 .01252 + .4068 5.796 
27.47 754.6 2.025 1.14 .7940 .01472 .01749 .6685 4,248 
28.79 828.9 3.068 1. 563 .7599 .02029 .02165 .7123 3.421 
30.705 942. 4.677 2.140 .7190 .02716 .02602 .7506 2.716 
32.54 1,059.0 6.721 2.770 .6606 .03487 .03009 .7654 2.044 
35.00 1,225.0 9.175 3.501 .6092 .04114 .03287 .7622 1. 596 
38.20 1,459.0 12.32 4.397 .5650 .04635 .03462 .7562 1. 290 
42. 225 1,784.0 16.53 5.629 I .5230 .05120 .03651 .7332 1. 036 
47.18 2,226. 0 22. 2 7.401 .47 2 .05632 .03 23 .7040 .8093 
52.99 2, 68.0 31. 24 9.630 .4415 .06120 .03951 .6835 .6515 
49.02 2,403.0 30.37 .454 .3488 .06940 .04045 .59 4 .3571 
46.57 2,169. 0 30.22 8.682 .2427 .07636 .0427 

I 
.4332 .1405 

45.94 2,110. 0 30.36 .013 .0949 .07 2 .04358 .1716 .0133 

TABLE IlIc.- PROPELLER C 

[With model fuselage] 

r . p. s. rI'orque, CT= Thrust Cp= Power I Efficiency CPI=-JPV~ n' Thrust, lb . V/nD n lb.-ft. pn' D' pnlDI ~ Pn' 

--- --

I 
23. 1 566.9 -0.05366 0.4997 0.9136 -0. 000521 0.01016 -0.4686 7.913 
25. 31 640.6 .823 .8212 .8692 +.007082 .01480 + . 4159 5.791 
27.1 9 739.3 2.133 1.354 .8145 .01593 .0211 .6124 4.113 
28. 61 18.5 3.170 1. 717 .7766 .02139 .02428 .6844 3.410 
30. 58 935.1 4. 768 2.24 .7280 .02782 .027 1 .7283 2.711 
32.24 1,039.0 6.681 2. 27 . 6656 . 03551 .03147 .7511 2.035 
35.23 1,241. 0 9.315 3.685 .6173 .04154 .03442 . 7452 1.614 
38.30 1,467.0 12.45 4. 623 .5743 .04694 .03650 .73 6 1. 309 
42.09 1,772.0 16.68 5.831 .5337 .05207 .0311 .7294 1. 066 
47. 24 2,232.0 23.05 7.620 .4916 .05712 .03958 .7091 519 
52.95 2,804.0 31.42 9.620 .4510 .06203 .04060 90 .67 1 
49.24 2,425.0 30.46 8.556 .3583 . 06947 .04 

I 
.6000 .3801 

46.79 2,1 9. 0 30.41 7.714 .2433 .07667 .04073 .4582 .1449 
44.36 1,968.0 30.36 6.520 .0966 .68512 .03827 .214 .01482 

TABLE IUd.-PROPELLER D 

[With model fuselage] 

r. p. s. 'l'orque, o _Thrust C Power Efficiency C =-JpV' n n' 'l' hrust, lb. lb.-ft. V/nD 
T- pn2D4 P- pnlD' PI Pn' ~ 

25.040 627.0 0.02025 0.5101 O. 758 0.0001765 0.00931 0.01660 7.440 
26.365 695.1 . 453 .8411 .8344 .006657 .013 .4002 5.392 
28. 125 791. 0 2.156 1.329 .7 73 .01494 .01928 .6100 3.959 
29.510 70 . 3.212 1. 690 .7535 .02024 .02229 .6842 3.300 
31. 475 990.7 4.768 2.227 .7107 .02647 .02 .7269 2.646 
32.965 1,687.0 6.74.2 2. 19 .6543 .03404 .029 1 .7471 2.006 
36.090 1, 302.0 9.349 3.61 . 6027 .03943 . 03195 .7438 1. 57 
39.150 1,533.0 12.47 4.509 .5620 .04467 .033 1 .7425 1.288 
43.100 1,858.0 16.67 5.741 .5192 .04933 .03556 .7202 1. 028 
4 . 160 2,319.0 22.99 7.503 .4776 .05450 .03724 .6990 .817 
54.120 2,929.0 31. 35 9. 15 .4373 .0 90 .03 63 .6666 .644 
50.315 2,532.0 30.34 8.760 .3405 .06590 .039 1 .5636 . 339 
48.305 2,334.0 30.38 8.182 .2323 .07144 .04037 .4111 .129 
46.408 2,154.0 30. 37 7.859 .09403 .07713 .0410 .1735 .013 
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TABLE IlIe.- PROPELLER E 

[With model fuselage] 

p V, veloc- I r. p. s. 
~pV' spec. wt. ity, n' 

slugs/cu. It. It./sec. n I 'l'hrust, lb. Torque, 
lb.-It. V/nD o Thrust 

T= pn'])l 
o Power 
P~ pnlD' 

Efficiency 10 =.Jpv• 1 ~ PI Pn' 

--- ---. : ---------
4.794 0.002315 64. 35 24.57 603.5 -0. 02024 0.3957 0.8732 -0.000179 0.00732 -0.02135 8.325 
4.846 . 002310 64.7 25.7 664.9 +.7 44 .7340 574 +.00631 .01235 +.4278 5.773 
4. 862 .002310 64.00 27.34 747.5 2.065 1.1800 : 7913 .01477 . 01767 +.6614 4.100 
4.006 .002309 65.22 2 . 70 23.4 3.11 1. 5430 .7576 .02026 .0209 .7314 3.446 
4.950 .002309 65.4 30.63 935.4 4.672 2.0975 .7137 .02670 .02511 .7610 2.713 
4.9 6 .002309 65.72 32.00 1,082.0 6.720 2.7325 . 6660 . 03322 .02827 .7828 2.153 
5.000 .002309 65.80 35.20 1,239.0 9. 115 3. 414 . 6232 .03936 . 0305 .7944 1. 746 
5.072 .002309 66.28 38.36 1,471. 0 12.22 4.330 .5762 .0#13 .03296 .7768 1.3 
5.200 .002308 67.11 42.00 1,764. 0 16. 2 5. 505 .5327 .0493 .03497 .7522 1.109 
5.375 .002310 68.22 46.62 2, 173. 0 22. 28 7.095 .4 79 .05480 .03652 .7321 . 71 
5.600 .002310 69.62 52. 11 2,715.0 30.54 9.200 .445·1 .06014 . 0327 . 6999 .675 
3.070 .002313 51. 53 

I 
48.73 2,375.0 30.45 8. 3075 .3525 .06847 .03908 .6175 .374 

1. 378 .002315 34. 50 45.86 2,103.0 

I 
30.30 7.280 .2508 .07600 .03 67 .4988 .159 

.194 .002319 12.94 43.10 1,863.0 30. 25 6.061 .1001 I . 08672 .03638 .2386 .017 

TABLE IV 

URVEY OF VELOCITY TlIROUGH PROPELLER PLANE, VE-7 :MODEL 

Lelt s ide Top Bottom 

Free Velocity Free Velocity Free Yelocity 

Radius, stream through Radius, stream through R ad ius, stream through 
propeller Ratio propeller Ratio propeller Ratio in. velocity, p lane, in. velocity, plane, in. velocity, plane, ft./sec. It./sec. It./sec. It.jsec. It./sec. It./sec. 

------ --------- ------ --- ---
2 
4 
6 

10 
12 
14 
16 
18 
20 
22 
24 

71.0 35. 5 0.500 2 72.0 34.4 0. 478 2 70.2 44.3 0. 632 
71. 3 57.4 .806 4 70.2 43.2 .615 4 70. 3 57.7 
71. 7 68.5 .956 6 71.4 59.8 . 83 6 69.5 62. 4 
71. 0 69. .982 8 72.0 65.8 .913 69. 3 64. 7 
70.7 70.5 .997 10 71.2 67. .952 10 69. 5 60. 2 
71. 1 71.4 1. 005 12 71.3 69.7 .97 12 69.3 66.2 
70.8 71.3 1. 007 14 70.0 69.4 .991 14 71. 7 68.4 
70. 8 71.7 1. 013 16 70.0 69.8 . 997 16 69.6 66.8 
70.7 71. 9 1.017 1 71.6 71.4 . 996 1 69.6 67.4 
70.6 71.6 1.014 20 71.3 72.3 1. 014 20 71. 3 69. 3 
70.3 71.1 1. 012 22 71.4 72.2 1.011 23- 71.4 69. 7 
70.6 71. 6 1.014 24 71.7 72.6 1. 012 24 71.6 69. 9 

3 

I 

72.4 36.5 .594 
5 70.1 52.4 .147 

ORDI ATES FOR ECTIONS OF PROPELLERS A, B, C, D, AI D E 

[See fig. 2] 

Radius ________ ___ 2_',70'_' ___ 1. ___ 5_.4.,..0_" ___ 1 __ 8_._10'_ '_1 10. 0" ~ ~I~I 
Chamher______ Upper 1 Lower Upper 1 Lower Upper Upper Upper Upper Upper 

1-----1----'----11----'----1------------
R adius L. E ._ 0.39" 0.05" 0.03" 0.02" 0.02" 0.01" __________ 1 

-----)----,----)-------1------ - -- ---- ----

2.5 0.18 -0.17 0.16 ----- ----- 0.12 0.09 0.06 0. 03 0. 01 
5 .25 -.25 .23 

I --~~:~r_ 
.17 .13 .09 .05 .02 

10 .34 -.33 .30 .22 .17 .12 .06 .03 
20 .41 -.40 .36 . 27 .20 .14 .08 .03 
30 .43 -.42 .3 -.01 .28 .21 .15 .08 .03 
40 .42 - .41 .38 -.01 . 28 .21 .15 .08 .03 
50 .41 -.40 .36 -.01 .27 .20 .14 .0 .03 
60 .37 -.36 .33 

I :::~~~~:: 
.25 .19 .13 .07 .03 

70 .32 -.31 . 28 . 21 .16 .11 . 06 .03 
80 . 24 -.23 . 22 .16 .12 .08 .05 .02 
90 .15 -.15 .13 .10 .07 .05 .03 .01 

20 
. 897 
.934 
.938 
.955 
.954 
.960 
.968 
.972 
.976 
.977 

------------I 

Radius T. E __ 0.07" 0.03" 0.02" 0.02" 0.01" 0.01" --- -------1 
Stations in per cent 01 chord. All ordinates in incbes. 

0 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis 

Force 
(parallel 

Sym- to axis) 
Designation bol symbol 

LongitudinaL __ X X 
LateraL _______ y y 
NormaL ______ Z Z 

...... -
Absolute coefficients of moment 

D, Diameter. 
Pe, Effective pitch 
Pu, Mean geometric pitch. 
Ps, Standard pitch. 
Pv, Zero thrust. 
pa, Zero torque. 
p/D, Pitch ratio. 
V', Inflow velocity. 
Va, Slip stream velocity. 

Moment about axis Angle Velocities 

Linear 
Designa- Sym- Positive Dcsigna- Sym- (compo-

tion bol direction tion bol ncntalong Angular 
axis) 

rolling __ ___ L Y---+Z r01L _____ <f> u p 
pitching ____ M Z---+X pitch ____ _ e v q 
yawing _____ N X---+Y yaw __ __ _ '1' w r 

Angle of set of control surface (relative to neu­
tral position) , 8. (Indicate surface by proper 
subscript.) 

4. PROPELLER SYMBOLS 

T, Thrust. 
0, Torque. 
P, Power. 

(If I( coefficients" are introduced all 
units used must be consistent.) 

TI , Efficiency = T VIP. 
n, Revolutions per sec., r. p. s. 
N, Revolutions per minute., R. P. M. 

q" Effective helL'{ angle=tan-l(~) 
27rrn 

5. NUMERICAL RELATIONS 

1 HP = 76.04 kg/m/sec. = 550 lb. /ft./sec. 
1 kg/m/sec. = 0.01315 HP. 

1 lb. = 0.4535924277 kg. 
1 kg = 2.2046224 lb. 

1 mi./hr. =0.44704 m/sec. 
1 m/sec. = 2.23693 rei./hr. 

1 mi.=160g.35 m=5280 ft. 
1 m=3.280S333 ft. 
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