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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

, ..... ..,-
Metric English 

Symbol 
Abbrevia- Abbrevia-Unit tion Unit tion 

Len~h _______ I meter __________________ m foot (or mile) _________ ft. (or mi.) Time _________ t Becond _________________ B second (or hour) __ _____ Bec. (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 hour ______ __ 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=mP. (Indicate axis of 

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

II, Kinematic viscosity 
p, D ensity (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-'-s2 at 

15° O. and 760 mm; or 0.0023781b.-ft.-' sec. 2 

Specific weight of "standard" air, 1.2255 kg/ma or 
0.07651 lb./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Ohord 

Aspect ratio 

True air speed 

Dynamic pressure -~P V2 

Lift, absolute coefficient CL-:S 
Drag, absolute coefficient CD - ~ 

Profile drag, absolute coefficient CD. - ~S 

Induced drag, absolute coefficient CD, --~S 

Parasite drag, absolute coefficient CD _ DSp , q 

Oross-wind force, absolute coefficient Cc - q~ 
Resultant force 

tID, Angle of setting of wings (relative to thrust 
line) 

't" Angle of stabilizer setting (relative to thrust 
line) 

Q, Resultant moment 
n, 
Vl 

p- , 
Jl. 

Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for · a model airfoil 3 in. chord, 100 
m.p .h. normal pressure at 15° 0., 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) 

Oenter-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. 599 

FLIGHT TESTS OF THE DRAG AND TORQUE OF THE PROPELLER 
IN TERMINAL-VELOCITY DIVES 

By R ICHARD V. R HODE and HENRY A. PEARSO 

SUMMARY 

The drag and torque oj a controllable propeller at various 
blade-angle settings, and under various diving conditions, 
were measul'ed by indirect methods on an F'6C-4 airplane 
in flight. The object oj these tests was (1 ) to provide data 
on which calcula.tions oj the terminal velocity with a 
throttled engine and the accompanying engine speed 
could be based and (2) to determine the possibility oj 
utilizing the propeller as an air brake to reduce the terminal 
velocity. 

The data obtained were used in the establishment oj pro­
peller charts, on the basis oj which the terminal velocity 
and engine speed could be calculated j or airplanes whose 
characteristics j all within the range oj these tests. I t wa 
jound that the propeller reduced the terminal velocity 
about 11 percent with the normal blade-angle setting oj 
19.0° and about 35 percent with a 5.5° setting. Indica­
tions were that the terminal velocity could be still j urther 
reduced by using even lower blade-angle settings. A 
method is given j or the calculation oj the terminal 'Celocity 
with throttled engine and the engine peed. 

I TROD UCTIO 

In cooperation with the Bureau of Aeronau tics, Navy 
D epartment, and the Army Air Corps, the National 
Advisory Committee for Aeronau tics has been making 
a study of rational methods for establi bing the struc­
tural design condi tions for airplanes. In the course of 
this study, a method was established in 1930 for cal­
culating the terminal velocity of a diving airplane, 
taking propeller drag into accoun t. The method wa 
based on the results of small-seale propeller tests by 
Durand and Lesley (references 1 ancl 2) , supplemented 
by the then unpublished re ult of a few tests of a 4-foot 
metal propeller in the . A. C. A. propeller-research 
tunnel. Because of insufficient data on torqu e or power 
coefficients from these tests, no provision could be 
included for calculating the engine speed and the 
method was therefore based on the a umption of such 
an engine speed, which, for structural-design purposes, 
was limited to an arbitrary permissible value. 

The interest aroused in this work because of the 
increasing use of the terminal-veloci ty clive in mili tary 
tactics led to an extension of the study to determine the 
feasibility of using the propeller as an air brake to redu ce 

the terminal veloci ty. As a result, the wind-tunnel tests 
of the 4-foot propellers were extended to include tes ts 
at the lower blade-angle settings and with different 
propeller-body combinations. At the same time, a 
program of dive tests to be made of a conventional 
airplane with a con trollable propeller was formulated , 
the purpose of which was to evaluate the influence of the 
propeller under fu ll-scale conditions at the high tip 
speeds a socia ted with a terminal-velocity dive. The 
presen t report presents the results of the flight tes ts 
in a usable form for the quantitative determination of 
the influence of the propeller on the terminal veloci ty 
and the engine speed. 

The fligh t te ts were made in September 1932 by the 
N. A. C. A. at Langley Field, Va. 

APPARATUS AND METHOD 

A avy F6C-4 airplane equipped with a Pratt & 
Whitney R-1340- CD engine was u ed in these te ts . 
The per tinent data concerning this airplane are given in 
ta-ble I and a general view is given in figure 1. The 
propeller used was the Hamilton controllable model 
described in reference 3. This propeller was not com­
pletely adju table in flight, as it could be set at only 
two position, the locations of which depended upon 
the setting of stop nuts. As delivered, the range of 
blade-angle settings available wa between 13° ancl 22°, 
which range was extended down to 5° for these tests 
by the use of special links. The pitch-changing mecha­
nism consisted of a hydraulic piston and centrifugal 
weights, which actuated the blades through a system of 
push-pull rods. The action of the centrifugal weights 
tended to increase the blade angle; the engine-oil pres­
ure, when acting on the piston, forced the blades to the 

lower setting. 
The airplane was equipped with four synchronized 

tandard r. A. O. A. photographically recording instru­
ment -air-speed meter, tachometer, altimeter, an d 
air-temperature thermometer-and a dive-angle ind i­
cator developed especially for t11ese te t . 

The diagram of figure 2 show the simplicity of the 
dive-angle indicator. Its principal merit lies in the 
fact that it is not afl'ected by accelerations, a it 
operation depends upon the reflection of a ray of sun­
liO'ht onto a frosted-glass scale. 

1 

------------- -----------------------------------------~------------- -- -
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The air-speed head was mounted at the outer strut 
location on a boom one chord length forward of th e 
leading edge of the wing, in order to reduce the inter­
feren ce on the air-speed measurements to a minimum. 
The air-speed installation was calibrated over a speed 
course, and a constant error of 2 percent for speeds 
between 130 and 1.50 mil es per hour was found . It was 
assumed that the correction for the diving conditions 
was also 2 percent. 

From data obtained in high-speed level fl ight the 
minimum drag coefficien t of the airplane wa calculated. 

where W, weight of the airplane. 
'Y , flight-path angle. 
ODmin, minimum drag coefficient of the airplane. 
q, dynamic pre sure corresponding to the desired 

zero-thrust or ba sic terminal velocity. 
8 w, wing area. 

In order to obtain these dive angles in the flight tests, 
a curve of the elevation of the sun against time was 
plotted, and a pointer on the dive-angle indicator was 
set to indicate the proper dive angle corresponding to 
the elevation of the Slm exi ting a t the instant the dive 

FIGURE I.- Tbe F6C-4 airplane. 

The method employed consisted of dedu cting the 
calculated induced drag from the total drag, which had 
been evaluated from the known engine po,,'er and the 
e timated propeller efficiency. On the basis of a study 
of full-scale propeller-bod y test, the propulsive effi ciency 
was estimated in this case to be 75.5 percent. 

The main tests consisted of terminal-velocity dive, 
with the engine fully throttled and with the ignition 
on, starting at 12,000 feet and continuing to approxi­
mately 5,000 feet altitude. The dives were made at 
various predetermined dive angles to simulate con­
ditions for airplane of various zero-thrust or "basic" 
terminal velocitie. For each basi terminal velocity, 
tests were made with propeller blad e-angle settings of 
.5.5°, 9.5°, 14.5°, 19°, and 22.5° at 0.75 radius. 

The dive angles at which the tes ts were mad e were 
determined from the relation 

ODmfnqS .. 
sm 'Y W 

was to be started. Continuous records of indicated air 
speed, engine speed, air temperature, and barometric 
pressure were taken throughout all the dive 

PRECISION 

The corrected dynamic pressure measurements at ter­
minal velocity are probably accurate to within 2 per­
cent. During the entry into and accelerated portions 
of the dive, the precision may be slightly less beca use 
of lag in the air-speed system. The tachometer read­
ing are correct to within 30 1'. p. m. Barometric pre -
sures were measured to a precision of about 2 percent, 
and the temperature to about 2° C. The maximuDl 
error in the dive angle was about 2° and was cau ed 
primarily by the inability of the pilot to maintain the 
airplan e in a steady condition at all times. 

RESULTS 

The recorded measurements were first plotted as time 
histories of the qu antitie measured, to insure proper 
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evaluation of these quantities at the terminal velocity. 
A representative time hi tory is hown in figure 3. From 
curves sllch as the e, the indicated termin al velocitie 
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FIGURE 2.-Dive-angle indicator. Prism has blackened surface with horizonlal 
scratch. In operation. pilot heads into Ihe sun so Ihat light through the slit in the 
hood makes a vertical image on the frosled glass. lie then pushes into a di"e until 
the borizontal image reaches a predetermined mark on the scale. 

and the accompanying engine speeds were obtained. 
These quantities were then plotted again t the appro­
priate blade-angle setting for each of the basic termi.nal 
velocitie , as shown in figu re 4. No flight-test points 
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FIGURE 3.- Time history of R "ertieal di\'c. B1ade·angle setting. "1. 50 at O.i5 R, 

are shown in thi figure, a the f' curve are the re lilt 
of cro S-fllil'ing an intermediate set of eurves of the 
mea med value. This cross-fairing was nece itated 
by tbe fact that the pilot found it impo ible in some 
cases to dive at exactly the pecified t im e, with the con-

sequence that the angle of dive did not corre pond to 
an integral value of basic terminal velocity. The 
engine speeds given in figure 4 are those for a standard 
sea-level den ity . The engine peed at any other alti­
tude can be obtained by multiplying these values by 
the quare root of the ratio of the sea-level den ity to 
the density at altitude. It is as Ulned that the indi­
cated terminal velocity does not change materia.lly witb 
altitude. 
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The '-ariation of air speed with engine speed dtll'ing a 
number of diveR is shown in figlll'C' 5. Two runs, repre­
senting the extreme value of the di'-e angles at which 
the te t were made, are hown for each blade-angle 
setting. 

DISCUSSION 

From figure 4 it can be een that the terminal velocity 
decrea es with blade-angle setting for the range investi­
gated. Indications are that a further decrease in pitch 
would lower the limiting velocity still more. However, 
there i a critical value where 11 d.ecrea e in terminal 
velocity no longer accompanie n d.ccren 'e in blade­
angle ettinO', unle power i, u ed to incre[l.. e the 
engine peed. This fllct is not nppnrellt from the cunes 
of figure 4, as tbe l'llnge of billde-nngle seLtings cou ld 
Jlo t be extended ufficieJltly low with the propeller 
Llsed ill these tests. The engine speed at terminal 
velocity increases as the blade llngle decl'enses, do wn 

.. J 
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to about 8°; thereafter , the engine speed decreases 
with decreasing blade ande. 

There i ome doub t whether the 22.5° points are 
correct, since there is a l'eyersal in curva ture between the 
19.0° and 22.5° settings. Further, on the groun d wi th 
the top nut et for 22 . ,~ 0 the engine speed was not 
su fficiell t for the cen trifugal force to bring the blades 
qui te against the stops. As the airplane was available 
for only a limited time, there wn no oppor tunity to 
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con truct the ~l,pparatus neces ary to determine wheth er 
the blades were actually again t the stops during the 
dives . 

Th e significHn ce of the CUITe in fi.gm c 5 is thaL the 
valu e of n j l1 at which the propell er operate dUting the 
majo r por tion of any throttled dive is approxima tely 
constant. H the infl uence of tip peed i neglected, it 
may be said that the thr ust coeffIcient is also nearly a 
con tant , ince the propeller, for a giyen blade-angle 
setting, operate at roughly the , arne value of nDj11. 
The over-all drag coefficient, which is tbe sum of the 
airplane and propeller drag coefficien ts, is tlm ' approxi­
mately constan t throughout any diye. Thi rela tion 
snggests tha t methods for th e determination of time­
al titude and veloci ty-al tit ude relation may be con­
sidered sufficiently precise for practical purposes if 
based on the assump tion of a constant drag coefficien t, 
which , of course, hould include a proper allowance 
for the propeller. 

DERIVATION OF PROPELLER CHARTS 

The coefficients that were found to be most adaptable 
for reducing propeller data in the negative range are 
defined a follows: 

T 
T 

. c= P T, T2D 2 

and 

Q - Q 
c- P 112D 3 

where T is the propeller thrust, lb . 
Q, propeller torqu e, lb .-It. 
D, propell er diametcr , I t. 
F , air speed, f t. per sec. 
p, mass densi ty of air , slugs per cu. ft . 

These coefficient were comp uted from the COlTe­
ponding values of tbrust an d torque evaluated from 

thc following relations: 

, _ 1 . P 11 2 
1 - H sm "(-CD min 2 Sw 

Q= 550 f. hp. 
271'n 

in which Lhp. is tllC friction horsepower of the engine 
and the other symbols have their usual signi ficance.! 

The experimen ta l thrust and torque coefficien t 0 

computed for the 14.5° blade-angle settinD' are shown 
plotted against nD j ll in figure 6. It will be noted that 
the poin t for the various dives made wi th thi etting 
fall at nearly the same value of nD/1T

; fur ther , it will 
be seen tha t the vert ical clisplucemen t of the points 
tend to vary with tip speed . R esults for the other 
blaclc-angle cttings are similar in character to those for 
the 14.5° setting, bu t occ ur at clift'erent va lu es of l1 D j l1 
as indicated by the cla shed lines of fIgure 7, which give 
thc meclian lines tlll'ough the te t points for differen t 
blil de-angle set tin D'S . 

B cause of the 010 e grouping of the te t points at 
euch blade-angle setting, the establishment of a pro­
peller char t (fig. 7) was necessarily based in part on in­
formation from other source. The method and mate­
rial used in establi hing this char t are explained in the 
following paragraph . 

The form of the pcopeller-characteri tic CID'yes was 
determined from the test hy D ID'and and Lesley and 
from the unpublished re ul ts of the te ts made in the 

I The friction horsepower used in these computations was obtained from a 5O-bour 
endurance test of the Pratt & Whitney "Was p" aircra ft engine. The resul ts are 
shown in fi g. 9. The friction-power characteristics existing lInder the fl ight-test 
conditions may, for a number of reasons, have been at variance with the characteris­
tics determined under t he condi t ions of the engine test. Any such disagreement, of 
course, results in erroneously deri\' ed torque coemcients but, as wiII be shown later, 
these errors ha ve a negligible in fl uence 00 the ter minal velOcity calculated from ille 
charts and ollly a sm~ ll inOuence Oil the engine speed. 
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propeller-research tunnel. The q llantitative e tablish­
ment of the curves involved: (1) determination of the 
end points on the ba is of data from out ide sources; 

o 

/
8 

h", 

0..-.02 
1-
-

II 

~ -

-.04 

o 

/
8 

(;)0", 
0..- .001 

II 

~ 

-.002 
x 

4 6 

nD 
V 

I I. -+-
I- 0 Comp uled from_ 

test dolo I I 
I- x Computed from 

oulside sources 

8 

-,. 

-'-~ 

I 

10 12 14 
x 

~O,. 0' - 1109 

1345 " o_,.J~ .0Y,. 
1300 'lt9; "/234 

x-I--

1300 1345 - --'1"0; 7-:~ -
1234 ~--/290 

1139 ,'.0, './/09 
-~ 1020,-

FIGURE 6.- Measured thrust and torque coefficients. Blade·angle setting, 14.5° at 
0.75 R. All pOints labeled for tip speed . 

(2) fairing of curve through the F6G-4 di ve-te t points; 
(3) establishment of tip- peed corrections, which were 
based largely on the dive-tests re ults but partly on 
tests in the propeller-re earch tunnel (referen ce 4). 

The end points of the T c curves at zero nD/V were 
established on the basis of a consideration of Diehl's 
formula (reference 5), Lock's formul a. (reference 6), and 

the data given in reference 7. The quantitative values 
chosen represent a weighted mean of the data obtained 
from the three sources. The end points of the Qc 
curves at zero nD/V were ba ed entirely on the data of 
reference 7, which were the only data available. 

Values of nD/V at zero Tc and Qc were partly e tab­
Ii hed by calculations based on the assllllption that the 
aerodynamic characteristics of the blade elemen tat 
0.75 radius, con idered a an airfoil, represent the action 
of the propeller as a whole in a condition ncar zero 
thru t. For these calculation the angle of zero lift 
was determined by Munk's method, given in reference 
8. Since these points are affected appreciably by 
interference from the fu elage, con ideration wa also 
given to the slope of the curve of reference 7, with an 
estimated allowance for fuselage interference, in com­
bination with the requirement that the curves pa s 
through the experimental point from the dive te ts. 

The propeller-characteristic curve were passed 
through the e end point and through the experimental 
points (tip speed les than] ,050 feet per second) ob­
tained 'm the di e te ts. As tIm drawn, the cun -es 
are applicable to ca e involving propeller having the 
proportion of the one used in the dive te t . 

In order to make the curve more convenien t to 
apply, they have been corrected to a mean blade-width 
ratio of 0.1, as presented in figure 7. (.Mean blade­
width ratio i defined as the ratio of the mean blade 

Blade angl e Y t 
!-f1'-1-l'-+f--f--1 setti ng at nIl for zero fhrus 

0. 75R. 
degrees 

-- 6 
7 
8 
9 

10 
/I 
12 
I J 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Measured Computed 

0. 4 16 0.J40 
.44 7 .382 
.481 425 
518 .467 
.556 510 
592 552 

.629 596 

.659 641 

.692 687 

.724 . 730 

.758 776 
,793 821 
,833 .868 
.877 .9 15 
. 917 .963 
.962 1.011 

1. 010 1.060 

FIGURE 7.- Propeller characteristics at negative slip for a mean blade·width ratio of 0.1 based on the radius. 
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wid th between 0.2R and R to R, where R is the radius.) 
The mean blade-width ratio is a measure of the blade 
area when the diameter is known. This area mu t be 
taken into account in applying a single general set of 
propeller characteristics to any particular ca e, in the 
same manner that the wing area must be taken into 
account in dealing with wing forces . The coefficient 
therefore vary directly with the blade area or with the 
mean blade-width ratio . Since the curve of :figure 7 
apply to propellers having a mean blad e-width ratio 
of 0.1, the coefficient mu t be multiplied by the ratio 
of the actual mean blade-width ratio to 0.1 when usi.ng 
the curves for any other case . 

The curves of figure 7 are labeled for blade-angle 
setting in degrees at 0.75R for metal propellers based 
on rither th e lark Y or R 'l.F- 6 sections. In order to 
make the chart more aeneral, value of V/nD for zero 
thrust are given in two forms, eith!'r one of which may 
be used in lieu of blade-angle setting for selecting the 
curve in cases involving sections other than the 
Clark Y or RAP- 6. M easured values of V/nD for 
zero thrust should be u ed only if the mea urements 
have been made with the proper body interference. 
Computed valu es are determined on th e ba is of a 
settina determined at the 0.75R section and with the 
zero-lift angle of that section found by Munk' method 
a given in reference 8. 

TIP-SPEED CORRECTION FACTORS 

As given in fiaure 7, the propeller characteristics 
apply only to cases in which the tip speeds are below 
the critical value, and th ey agree well " ith th e flight­
test data only for such ca e. When the tip peed is 
above the cri tical valu e (approxima tely 1,050 feet pel' 
second), which i the u ual case in a dive, the char­
acteristics are diA'eren t from those given in figure 7. 
This efrect is apparen t from figure 6, where the points 
shift wi th increa ing tip speed. In general, it may be 
aid tha t there i , for a given propeller nncl propeller 

load, a separate et of charu,cteri tics fo r each tip 
speed above the cri tical value. The characteristic 
will , in general , also var." with load at a given tip 
perc[ because of yariations in the blad e deflection 

wi th changing load. The characteri tics at the higher 
tip speeds may be determined appro)cima tcly by intro­
ducing conver ion factors, which can be used to trans­
form the basic characteri tic in to tho e applicable at 
various tip peeds above the critical value. A method 
used in determining such conversion factors on the 
basis of the F6C- 4 data follo'w . 

It can be shown qualitatively that as the tip speed 
increase above the critical value, the value of nD/V 
for a given value of Tc 11.1 0 increase. Further, it 
can be shown that at a given value of nD/V the value of 
Qc decrea es numerically with increasing tip speed 
above the cri tical value. These considerations imply 
that as t he t ip speed increa es above the critical value, 

the curve of Tc are shifted to the right and the curves 
of Qc are hifted upward. The conver ion factors 
evolved are ba ed on the e considerations 'with their 
numerical values determined by comparing resul ts 
calculated from the characteristics of :fio-ure 7 with the 
experimental results. 

pecifically, the terminal velocities and the engine 
speeds were calculated for the various dive angles, 
u ing as given data the measured weight and the drag 
coefficient of the airplane, t he friction-horsepower 
curve of the engine, and the propeller characteristics 
of figure 7. The factor necessary to convert the 
calculated engine speeds to the experimental values 
were plotted against tip speed. The mean curve 
drawn through these points is t he conversion cm've for 
nD/V. In a similar manner, conver ion factors for 

FIGU RE .- Correction factors for I ip speed. 

Qc at the corrected values of nD/l1 were plotted to 
give a conver ion curve for Qc. The e conversion 
factors include both the influence of blade deformation 
with changing load an 1 the influence of t ip speed. 
They are hown in figure . 

APPLICATIO OF CHARTS TO THE CALCULATION OF 
TERMI AL VELOCITY 

PRJ CIPLES I NVOLVED 

The fundamen tal principles involved in any calcula­
tion of terminal velocity where propeller drag i to be 
taken into account are: (1) At terminal velocity the 
component of weigh t along the flight path must equal 
the total drag; (2) the haft power of the propeller 
mu t equal that absorbed in friction by the engine. 
Obviously, the point of inter ection of the curves of 
shaft power of the propeller nnd of power absorbed in 
friction by the engine, plotted against velocity, meets 
the conditions required. 

pecifically, the following procedure i employed in 
the calculation of termin al velocity and engine peed: 

1. A sume a serie of terminal velocitie in the in­
terval given by the following formula whose solution 
roughly approximate the F6C- 4 data: 

11/ ill d = K (0.017 0+ 0. 9 ± 0.05) 
where V 1t nd is the indicated terminal velocity, in miles 

per hour. 
K , the indicated terminal velocit with zero 

tlu'us t, in mile per hour. 
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0, the difference, in degrees, between the nor­
mal high-speed blade-angle setting and 
that on which the calculations are based. 

larger 

"The angle 0 is positive when the blade­
under consideration is 

than the normal setting. 
2. Compute Tc for the series of assumed velocities 

from the formula 

W sin -y - Cnmi ,,1tP V 2S w 
pV2D2 

3. At the appropriate blade-angle etting obtain from 
figure 7 the values of n D /V and Qc corresponding to the 
computed thrust coeffieients. 

4. Compute the values of n from the known valu es 
of nD/V, D, and V. 

5. Compute the propeller torques from the formula 

Q= QcpV2J)3 

6. Using the computed values of Q and n , compute 
the shaft horsepower of the propeller from the formula 

p = 2-rrQn 
550 

7. Plot t he results from step 6 against those from 
step 1. 

. Plot the friction hor epower of the engine against 
the velocities of step 1. 

The curve of power absorbed in friction by the engine 
against velocity is obtained from a curve of friction 
horsepower again t engine speed using the value of 
n from tep 4. The intersection of the two curves gives 
the poin t satisfying th e conditions and i the calculated 
terminal velocity. The speed of the engine can be 
found by plotting the computed value of n against the 
assumed velocities and finding n existing at the calcu­
lated terminal velocity. The foregoing procedure 
involves no corrections for tip peed or mean blade­
width ratio. The manner in which these correction 
are applied is best shown by an illustrative exa mple. 
A complete serie of calculations will not be given but 
a sample computation using the final calculated termi­
nal velocity for an F6C- 4 airplane \~ill be used. 

ILLUSTRATIVE EXAMPLE 

Given: 
Airplane_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ F6C- 4. 

Weight CvV)-- -- -- --- --- - - 2,830 lb. 
Wing area (Sw) _ _ _ _ _ _ _ _ _ _ _ 252 sq . ft. 
Minimum drag coefficient 

(Cnmin ) -- ----- -- - ---- --- 0. 0513. 
Engine ___________ __ __ _______ Pratt & Whitney 

R- 1340- CD. 

200 

~ 
0/50 
:i} 
~ 
E.IOO 

c: :g 
.\;' 50 

~ 
o 

y-

Friction-horsepower curve 
(fig. 9) 

- r---
- t L 
!-

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

....-- ,...... 
~ 

v 1---

L 
-

1600 1800 2000 2200 2400 2600 2800 3000 3200 
Engine speed, rpm. 

FIGURE g.- F riction horsepower [or P. & W. R- 1340-CD engine. 

Propeller: 
Diameter (D) _ _ _ _ _ _ _ _ _ _ _ _ 9 ft. 
Mean blade-width ratio ____ O. 123. 
Blade-an gle etting at 

0.75 R __ __ _______ _____ 19. 0°. 
lt is required to find: 

1. The indicated terminal velocity in a vertical 
dive (-y = 90°) at 3,000 ft. 

2. The propeller revolution speed at terminal 
velocity at this altitude. 

Assume V 'intt=258.2 m. p. h. 
= 378.9 f. p. s. 

q = 170.6 lb./sq . ft . 

N egative propeller thru t, T= W in -y-Cnmi"qSw 

T =2 30 X 1- 0.0513 X 170.6 X 252 = 623 lb. 

T --L-~- 623 _ ? 
c-pV2D2-2qD2 -2 X 170.6 X 81 -0.0225~ 

Tc corrected to mean blade-width ratio of 0.1 to al lo\\' 
. t h 0.1 X O.02252 0 

entry III 0 c art 0.123 O. 1831 

n[j at T c= 0.01831 for 19.0°= 0.940 (fig. 7) . 

= 0.940 X 37 .9 X ,pJp 4135 n 9 . r. p. 

Po/p at 3,OOO-foot aititude = L045 (reference 9). 

Tip speed = , (-rrDn)2+po/pVi i n/ = 1,235 f. p. 

Correction factor for nr; = 1.03 (fig. 8). 

Correction factor for Oc= O. 0 (fig. ). 
(nD ) (nD ), ~ 

Corrected -V=---v-=1.03 X O.940=0.9f5. 

Corrected n=n' = l.03 X 41.35=42.9 r. p. s. 
(1'. p . m. )'=60 X 42.9=2,575. 

(nD ) , 
Qc at -V = 0.00094 (fig. 7). 

Qc correcteel for tip speed = O.80 X O.00094 = 0.000752. 
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Qc corrected to mean blade-width ratio , 0.123= °O~~3X 
0.0007 52 = 0.000925. 

Q=Qc 2q D3= 230 lb.-ft. 

. haft horsepower of the propeller , p=2~~;' = 113.0. 

At a v<),lu e o[ n equ al t.o 42.9 r. p. s. and an engin e 
speed of 2,575 1'. p. m., the 1101' epower absorbed in 
friction by the engin e, using the engine friction-hoI' e­
po~:cr ClIrve, is. 113.5 . Since the condition of equi­
hb~'llIm are atlsfied, i . e., the total drag equ als the 
wClght and the haft horsepower of the propeller equal 
that absorbed by the engine, the indicated terminal 
\'elocity i 25 .2 mile per hour and the engine peed is 
2,.575 r. p . m . 

If, in the preceding example, the problem had been 
solyed [or a minimum altit ude of 6,000 feet, th e value 
[or the indicated termin al velocity would have been 
25 .0 mile per hour, and th e accompanying engin e 
speed, .2,676 r. p. m. The influ ence of air den ity on 
the indicated termin al velocity is seen to be sliaht but 
its influence is appreciable on the engine speeci, \~hich 
\Taries approximately inver ely with the squ are root of 
the density . 

It has been p1'eviou ly tated th at errors in the 
friction-horsepower curve have but a mall influ ence 
on the final re ult. A critical analysis, based on figure 
7, of the in terrela tions of th e several variable involved 
indicates that this tatement is tru e for all rea onable 
cases. It is perh ap ~ufficient here, however, to poin t 
Oll t thn t in flgure i t he steepness of the Qc curves in 
the neighborh ood o[ the dotted line indicates that 
rn~rly.Jn.rge varia,.tion of Qc m~:v occ ur without greatly 
aAectmg th e engme peed at gIven valu es of D and V. 
At the same time, small variations in nD/V do not 
result in as large a ch a.nge in thrust. lIenee, it woulel 
he C'xpected that qlli te large variations in friction hoI' e­
po.we~ can be taken up by the propeller without greatly 
aflectlJ1g either the engine or the airplane speed. A 
an extreme example, if the friction hor epower of the 
engine llsed in th e illustrative example i doubled, th e 
terminal yelocity is found to be 256 mile per hour and 
the engine peed about 2,400 r . p. m. The e values 
compare with the original value of 25 .2 miles per 
hour and 2,575 r . p. m. , liffering by O. 5 percen t and 
6. percent, respectively. 

It has been found, in most cases, that the propeller 
operation in a throttled dive will be defined by char­
acteristics fa lling close to the do tted line of figure 7. 
To operate at greatly lower value of nD( V for any 
blade-angle setting would require an abnormally small 
propeller, while to operate a t mu ch higher valu e would 
rcquire the application of engine power. 

COMPARISO N OF EXPERIME TAL AND CALC LATED RESULTS 

A comparison between the experim ental and calcu­
lated re ults u ing the t ip- peed corrections i made in 

table II. This comparison merely indicates the deO'ree 
to which factors other than those included in the method 
of ~alculation affect the result. Part of the di crep­
anCles are,. howevcr, at tribu table to experimen tal 
error . It will be seen that the percentage error in th e 
terminal Y~loci ty is small , the maximum being 4.3 
percent, while the average is less than half that valu e. 
rr:h e aVOl:age errors .in the engine speed are sligh tly 
hIgher, wI th the maXlDlum error 6.8 percen t. As the e 
compa:'isons cover a wid e range of blade-angle set tings 
and dIve angles, the agreement is con idered to be 
rca onably good . 

T able III includes a compari on between calculated 
and experimental results for three airplanes on which 
data w~re avai.lable. The agreement for airplane A 
and. B IS good m regard both to terminal velocity and 
engme speed. These airplane were somewhat similar 
to the F 6C---4 airplane in their general features ' in 
par ticular, the power plan ts were of the same type ~nd 
the performances were similar. H ence, a good agree­
ment between the calculated and experimental re ul t 
on these airplane was pOl'hap to be expected. 

In the case of airplane C the aareemen t in terminal 
:relo?ity is poor although the agree~nent in engine speed 
1 falr. The experimental results indicate a very sliaht 
red uction in t-erminal velocity due to the propeller, 
whereas the calculated results indicate a reduction of 
t.he same order as those noted for the other airplanes 
lIsted . As far as can be determined, t here is n o unusual 
feat1ll'~ in airpl~,n~ C t o account for t hi discrepancy . 
The all'plane nlllllJ11lUll drag coefficien ts as det Imined 
f[,om three independen t sources agreed wi thin 2 percen t. 
Although the drag coefficien t used in the calcula tion 
holds for a Reynolds umber correspondina to hiah­
speed level flight and there is evidence that a

b 

reduction 
in drag coefficien t with increasing Reynolds umbel' is 
to be expected, the influence of uch a scale effect 
hould not be felt in this ca e alone. In other word 

the influence of scale effect is inlplicit ly allowed fo;' 
roughly in the method of calculation because of the 
empirical nature of the method . There is a pos ibility 
that the degree of turbulence in the slipstream with the 
propeller operating at negative thrust may have a 
cri tical effect on the drag of some par t of the structure 
within the slipstream . At the presen t state of lmow­
ledge it woulel be practically impo sible to take such a 
phenomenon into accolmt. 

It is somewhat difficult, because of the lack of experi­
men tal cases, to say whether the method of calculation 
as presen ted will generally hold good. It is felt that 
within the following limitat.ion the method will yield 
satisfactory results except in ca e where unu ual or 
unpredictable influences occur. 

LIMITATIONS 

1. The propeller-bod y combin ation should be approxi­
mately similar to that of the F 6C- 4. 
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2. Blade-angle settings should not be extrapolated, par­
ticularly in the low range. 

3. 1ean blade-width ratios hould not be lc s than 
0.09 nor more than 0.17. 

4. The propeller blade section should be based on 
either the Clark Y or RAF- 6 sections and should 
be of normal thicknesses. 

5. Tip- peed correction factors should not be extrapo­
lated. 

RULES OF THUMB 

In calculated results for a number of airplanes of 
widely different characteri tic, uch as those listed in 
table III, consistent trends which indicate the feasibility 
of quiclc ru les h ave been noted. Thu, the percentage 
reduction in terminal velocity caused hy the propeller 
in a vertical dive with engine fully tl1Tottled and with 
n ormal blade-angle se tting is g iven by the equation 

R (percent) = 0.011 VI. + 9.7 

in which V I. is the terminal velocity (m. p . h. ) in a 
vertical dive with no thnlst in tanclarcl sea-level 
conditions of a tmosphere. 

Engine speed (r . p. m. ) is given by the equation 

in which VI is the terminal yelocity with the foregoin a 
correction for the propeller effect. 

L ANGLEY 1tl EMORIAL AERO TAUTI CAL LABORA1'ORY, 

J ATIO AL ADVI SORY COMMITTEE FOR AERONA TICS, 

LAN GLEY FIELD, VA., August 22,1933. 
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TABLE I 

CHARACTERISTICS OF F6G-4 AIRPLA E 

Type_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Tractor biplane, land­
plane. 

Engine __________ __________ Pratt & Whitney, 

H orsepower _ _ _ _ _ _ __ _ 
Weight (as ilown) ___ _ 
Principal dimensions: 

Span (upper wing) 
Span (lower wing) 
Length 
H eight 
To tal wing area 
Gap _ 

tagaer 

Co i (from flioaht tests) 
711 1l. 

R-1340-CD. 
450 at 2,100 r. p. m. 
2,815 and 2, 30 lb . 

31 ft. 6-in. 
26 ft. 
22 H. fi i.n. 
nIt. 6 in . 
2,52 q. It. 
4 ft. 5"16 in. 
3It.2}2 in. 
0.0513 
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TABLE II 

COMPARISO BETWEEN CALCULATED AND CROS -FAIRED EXPERIME TAL VAL E 

Blade· 
Indicated terminal velocity Engine speed 

Basic 
Dive a ngle terminal a ngle 

(deg.) velocity selting at 
Calcu lated Expcri- Difference Calculated Experi-0.75 R Difference Difference Difference (m. p. h. ) (deg.) (m. p. h. ) mental (m. p. h .) (percent) (r. p. m.) mental (r . p.m.) (percent) (111. p. h. ) (r. p. 111.~ 

90 290 22.5 271. 2 263.0 8.2 3.1 2,2i2 2,320 -48 -2. 1 
90 290 19.0 258.7 257.0 Li .7 2,483 2,385 98 4.1 
90 290 14.5 241. 4 241. 0 .4 .2 2,1;70 2,510 130 5.1 
90 290 9. 5 215.4 214.5 .9 .4 2, 745 2, no 15 .5 
90 290 .s. .; 195.0 190.0 5.0 2.6 2, 713 2,680 33 1.2 

59 270 22.5 252.3 242.0 10.3 4.3 2, 114 2, 160 - 46 -2. 1 
59 270 19.0 240. 239.5 1.3 .5 2.310 2,225 85 3. 
,;9 270 J4.5 224.2 224 .. 5 -.3 -. 1 2.483 2,400 83 3.5 
59 270 9.5 200.1 199.5 .6 .3 2.562 2,605 - 43 -1.i 
59 270 5.5 1 0.8 175.0 5. 3.3 2,530 2.520 10 .4 

'Ii 250 22.5 233.6 225.0 .6 3.8 1,953 1.980 -27 - 1.4 
47 250 10.0 223. I 224.0 - . 9 -. 4 2.140 2,055 85 4. 1 
47 250 14 .. 5 207.9 209.0 - 1.1 - . 5 2.309 2,225 4 3.8 
47 250 9.5 185.3 185.0 .3 .2 2.377 2,460 -83 - 3.4 
47 250 5.5 167.1 164.0 3.1 1.9 2,3·10 2,360 -20 -.8 

3 230 22.5 214.1 20 . 0 6. 1 2.9 1,786 1,780 6 .3 
3 230 19.0 204.9 205.5 -.6 -.3 1,954 1. 875 79 4.2 
38 230 14.5 191. 4 193.0 -1.6 - 2,117 2.085 32 1.5 
38 230 9.5 170.5 172.0 1.5 - . 9 2,177 2.295 - 118 .5. 1 
38 230 5.5 153.4 153.0 .4 . 3 2,124 2,215 -91 -4.1 

31. 75 210 22.5 196.7 194.0 2.7 1.4 1,640 1,585 55 3.5 
31. 75 210 19.0 1 7.8 190.0 -2.2 - 1.2 I. 7 5 1,700 5 5.0 
3 1. 75 210 14.5 175.6 1 1.0 -5.4 -3.0 1,930 1.925 5 .3 
3 1. 75 21U 9.5 156.6 160.0 -3.4 -2. 1 1,995 2, 140 - 145 -6. 
31. 75 210 5.5 14 I. 0 142.0 -1.0 .7 1,951 2,060 - 109 -5.3 

TABLE III 

COMPARISON OF CALCULATED A JD EXPERIMENTAL RES LTS 

Per- Exper- Per- Per-
B lade- V find 

\ P

ti nd 
cent- imental Exper- cent· cent-

Rea- Pro- :Nfean 8 n~le (>6a (sea R. p . m. age V tin d 
imental agA age 

1e"c1 peller Dive (sea rednc- r. p.l11. Air- Engine lypeand power high rl!am- blnde s(' tting angle le"el) le\'el) level) tion ~sea (sea 
error error 

plene width 8t zero closed level) in in speed Her (deg.) rlosed due level) 
(m.p.h.) (It.) ratio 0.75 R thrust thrnttle throttle to closed closed 

enlcu- ealcu-
(deg.) (m.p.h.) (m.p.h.) throW. lated latec\ pro- th rottle 

peller (m. p.h.) V"lind Lp.m. 

---1---------1--- --- --- --- ------ --- ------ --- --- --- ---
A ____ P & W w 450- 2.100 ______ 140 9 0.1285 17.0 90 2 .0 253.3 2.600 12.0 2 .0 2.r.OO -1.8 0 B ____ P & Ww 4.';()-2, 100 ______ If>O 9 .125 IRO 90 290.5 254.7 2.528 12.3 255.0 12.500 -.1 1.1 
B ____ P & Ww 450-2,100 ___ ___ 160 9 . 138 18.0 90 290.5 2.52.0 2, 520 1:3.2 2.5.5.0 12,500 -1.2 
(' '--- P & Wh 57~2. 1 00 ______ 131 10 .1 34 16.0 41 2·16.3 219.4 2,260 10. 9 238.0 2.200 -7. 8 2.7 D ____ IVri!!ht R - lfo iO _______ 194 R!) . 166 26.0 90 416. 0 3r.1. 5 2,720 13.1 -------- -------- ---- ---- - -- --- . E ____ Wright R - 1820FI.. __ __ 201 9.5 .129 23.3 90 430.0 371. 5 2,77.5 13.6 - --- ---- -------- -------- -- ----

I Indicated r . p. IU . 2 Calculations made for 4,000 (eet. 
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Positive directions of axes and angles (forces and moments) are shown by arrow!! 

Axis Moment about axis Angle Velocitiel 

Force 
(parallel 

Sym- to axis) 
Designation bol symbol 

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

Absolute coefficients of moment 
L M 

0 1", qbS 0".- qcS 
(rolling) (pitching) 

Designation 

Rolling _____ 
Pitching ____ 
yawing _____ 

N 
O"=qbS 
(yawing) 

Sym-
bol 

L 
M 
N 

Linear 
Positive Designs.- Sym- (compo-
direction tion bol nentahng Angular 

axis) 

Y--+Z RoIL ____ .p u p 
Z--+X Pitch ____ B • f 
X--+Y yaw _____ 

'" 
u r 

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

L PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
V., 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT=~ 
pn-u' 

Torque, absolute coefficient OQ= 9D6 
pn 

P, 

0" 

7], 

n, 

<P, 

Power, absolute coefficient Op"" p:;V 
6/"V6 Speed-power coefficient=-" Pn2 

Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle = tan-1 (2~) 

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