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AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Length ______ _ 
Time ________ _ 
Force _______ _ 

Symbol 

I 
t 
F 

Metric 

Unit 

meter ____ _______ ______ _ 
second __ __ ______ ______ _ 
weight of 1 kilogram _____ _ 

Symbol 

m 
s 

kg 

English 

Unit 

foot (or mile) ______ __ _ 
second (or hour) ______ _ 
weight of 1 pound _____ _ 

Symbol 

ft. (or mi.) 
sec. (or hr.) 
lb. 

PoweL_______ P kg/m/s ___ __ ___________ ___________ horsepoweL__________ hp. 
S d {km/h__________________ k.p.h. mi./hr._______________ m.p.h. 

pee ------- - ---------- m/s___________________ _ m.p.s. ft./sec._______________ f.p.s. 

2. GENERAL SYMBOLS, ETC. 

W, Weight=mg 
g, Standard acceleration of gravity = 9.80665 

m/s2 =32.1740 ft./sec. 2 

m, Mass = W 
g 

p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-4 

S2) at 15° C. and 760 mm = 0.002378 
. Clb.-ft. - 4 sec. 2). 

mP, Moment of inertia (indicate axis of the 
radius of gyration k, by proper sub
script). 

Area. 
Wing area, etc. 
Gap. 
Span. 
Chord. 

s, 
Sw, 
G, 
b, 
C, 

b2 

S' Aspect ratio . Specific weight of "standard" air, l.2255 
kg/m3 =0.076511b./it.3• fJ., Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

y , 
q, 

L, 

D, 

o , 

R, 

True air speed. 

Dynamic (or impact) pressure = i p V2. 

Lift, absolute coefficient OL=:S 

Drag, absolute coefficient OD=::S 

Profile drag, absolute coefficient ODO=~S 

Induced drag, aD solute coefficient ODi=~S 

Parasite drag, absolute coefficien t ODp = ~S 
Cross-wind force, absolute coefficient 

o 
OC=qS 

Resultant force. 
i w, Angle of setting of wings (relative to 

thrust line). 
'hi, Angle of stabilizer setting (relative to 

thrust line). 

Q, Resultant moment. 
[2, Resultant angular velocity. 
Vl 

p-' Reynolds Number, where l is a linear 
fJ. dimension. 

e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, at 15° C., the 
corresponding number is 234,000; 

or for a model of 10 cm chord 40 mis, 
the corresponding number is 274,000. 

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

a, Angle 'of attack. 
E, Angle of downwash. 
aD, Angle of attack, infinite aspect ratio. 
ai, Angle of attack, induced. 
aD, Angle of attack, absolute. 

(Measured from zero lift position.) 
'Y Flight path angle. 



-

REPORT No. 464 

NEGATIVE THRUST AND TORQUE CHARACTERISTICS 
OF AN ADJUSTABLE-PITCH METAL 

PROPELLER 

By EDWIN P. HARTMAN 

Langley Memorial Aeronautical Laboratory 

---------
700- 33 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

NA VY B ILDING, WASHINGTON, D.C. 

(An independent Government establishment, created by act of Congress approved March 3, 1915, for the supervision snd direction of the scientific 
study of the problems of flight. Its membership was increased to 15 by act approved March 2, 1929 (Public, No. 008, 70th Congress). It consists 
of members who are appointed by the President, all of whom serve as such without compensation.) 

JOSEPH S. AMES, P h .D., Chairman, 
President, Johns H opkins University, Baltimore, Md. 

DAVID W. TAYLOR, D. Eng., Vice Chairman, 
Washington, D.C. 

CHARLES G. ABBOT, Sc.D., 
Secretary, Smithsonian Institution, Washington, D.C. 

L YMAN J. BRIGGS, Ph.D., 
Director, Bureau of Standards, Was hington, D.C. 

ARTHUR B. COOK, Captain, United States avy, 
Assistant Chief, Bureau of Aerona utics, Navy Department, Washington, D.C. 

WILLIAM F. D URAND, P h.D., 
Profe or Emeritus of Mechanical Engineering, Stanford University, California. 

BEN.TAMIN D. FOULOIS, Major General, Un ited States Army, 
Ch ief of Air Corps, War Department, Wa hington, D .C. 

HARRY F. GUGGE HElM, M .A., 
Port Wa hington, Long I sland, Jew York. 

ERNEST J . I(ING, R ear Admiral, n ited State Navy, 
Chief, Bureau of Aeronautics, Navy Department, Washington , D.C. 

CHARLES A. LINDBERG H, LL.D., 
ew York City. 

WILLIAM P. MACCRACKEN, Jr., Ph.B. , 
Wa hington, D.C. 

CHARLES F. MARVIN, Sc.D., 
Chief, United States Weather Bureau, Washington, D.C. 

HENRY C. PRATT, Brigadier General, United States Army. 
Chief, Materiel Division, Air Corps, Wright Field, Dayton, Ohio. 

EDWARD P . WARNER, M.S., 
Editor "Aviation," New York City. 

ORVILLE WRIGHT, Sc.D., 
Dayton, Ohio, 

GEORGE W. LEWIS, Director of Aeronautical Research. 
JOHN F. VICTORY, Secretary. 

HENRY J . E. R EID, Engineer in Charge, Langley M emorial Aeronautical Laboratory, Langley Field, Va. 
JOHN J. IDE, Technical Assistant in Europe, Paris, France. 

EXECUTIVE COMMITTEE 

J OSEPH . AMES, Chairman. 
DAVID W. T AYLOR, Vice Chairman. 

CHARLES G. ABBOT. 
LYMAN J . BRIGGS. 
ARTHUR B . COOK. 
BENJAMIN D . FOULOIS. 
ER EST J. KING. 
CHARLES A. LINDBERGH. 

JOHN F. VICTORY, Secretary. 

WILLIAM P. M ACCRACKEN, Jr. 
CHARLES F. M ARVIN. 
HENRY C. PRATT. 
EDWARD P . WARNER. 
ORVILLE WRIGHT. 

--~--~ 



REPORT No. 464 

NEGATIVE THRUST AND TORQUE CHARACTERISTICS OF AN ADJUSTABLE-PITCH 
METAL PROPELLER 

By EDWIN P. HARTMAN 

SUMMARY 

This paper presents the results oj a series oj negative 
thrust and torque measurements made with a 4- joot 
diameter model oj a conventional aluminum-alloy 
propeller. The tests were made in the 20100t propeller
research tunnel oj the National Advisory Committee jor 
Aeronautics. 

The propeller was tested jor thrust and torque through 
a blade-angle range jrom 22° to - 23° at 0.75 radius 
and a V/nD range jrom zero to infinity, while mounted 
in jront oj a cowled radial-engine nacelle. With this 
arrangement the drag oj the propeller was also measured 
through a blade-angle range jrom 0° to 90° while locked 
in a vertical position. Additional tests were made with 
the propeller and nacelle located in two positions with 
respect to both a monoplane wing and a biplane cellule, 
in which smaller ranges oj blade angles and values oj 
V /nD were covered. 

The results show that the negative thrust is considerably 
affected by the shape and size oj the body behind the 
propeller, that the maximum negative thrust increases 
with decrease in blade-angle setting, and that the drag 
oj a locked propeller may be greatly reduced by j eathering 
it into the wind. Several examples oj possible applica
tions oj the data are given. 

INTROD UCTION 

Wind-tunnel tests of both model and full-scale 
propellers through the ordinary ranges of air velocity 
and revolution speed have been quite extensive. Very 
few tests of propellers operating under conditions of 
negative thrust and torque have been made, however, 
because conditions of negative thrust and torque 
are encountered only in dives and fast glides and these 
maneuvers ill nonmilitary airplanes are relatively 
unimportant. The recent development of the con
trollable-pitch propeller has broadened the field of 
use for negative propeller th.rust and has therefore 
created new interest in the subject. 

In 1920, as part of a rather extensive research pro
gram on wooden propellers, Durand and Lesley ob-

tained the negative-thrust characteristics of a series of 
12 wooden propellers of varying pitch, blade width, 
and plan form. The details of these tests may be 
found in reference 1. More recently the British have 
obtained the negative thrust and torque characteristics 
of a 4-bladed wooden propeller (reference 2). 

Both of the above studies were narrowly limited 
in range of blade angles and were made without a 
body. Their results are therefore only indirectly 
applicable to flight problems. 

In view of the trend in recent years toward the use 
of metal propellers, it seemed advisable to obtain 
some data on the negative thrust and torque of a 
conventional aluminum-alloy propeller. As the pro
peller is usually mounted close to a fuselage and 
engine, it was considered necessary to include tests 
with bodies comparable to those found in actual 
practice. 

This report gives the thrust and torque character
istics of a conventional adjustable-pitch metal propel
ler throughout the complete V/nD range from V = 0 to 
n = 0, and through a range of blade-angle settings from 
22° to - 23° at 0.75 radius. The drag of a locked 
propeller through a blade-angle range of 0° to 90° 
at 0.75 radius is also given. 

The greater part of this research comprises a series 
of tests wi.th the propeller mounted ahead of a dummy 
radial-engine nacelle without wings or fuselage. 
Other tests, not so complete, were made with the 
propeller and nacelle mounted in various positions 
with respect to a monoplane wing and also to a biplane 
cellule. 

Although the study is confined to one propeller and 
relatively few body shapes, it is believed that the 
data given are sufficient to enable designers to make 
fai.rly accurate calculations in most cases. 

APPARATUS AND METHODS 

The te ts were made in the 20-foot propeller-research 
tunnel of the ational Advisory Committee for Aero
nautics. Details of the construction and characteristics 
of this tunnel are given in reference 3. 

3 
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The engine-nacelle unit was composed of a 25-horse
power direct-cillTent motor enclosed in a sheet-metal 
nacelle with a 4/9-scale wooden model of a Wright 
J-5 9-cylinder enginc mountcd out id e at the front. 

(a) Cowled engine nacelle with propeller, 

(c) Nacelle mounted on biplane cellule in position 9. 

FIGU IlE l,- N acelle arrangement: 

The motor shaft projected through the no c of the 
nacelle and drove a tractor propeller. In mo t of the 
te ts an N .A. .A. cowled nacelle was used. Figure 
1 (a) i a photograph of this nacell e mounted in testing 
po ItlOn. Full details and dimen ions may be obtained 
from reference 4. 

The propeller-nacelle unit was tested in two position 
with respect to a monoplane wing having a 15-foot 
span, a 5-foot chord, and a ma},'imum thickne of 1 
foot. Reference 4 gives a table of ordinates for thi 
wing section, a well as photographs of the e two mono
plane-nacelle arrangements which arc therein desig
nated positions" A" and" C. " The same de ignation 
will be used in this report. FigLu'e 1 (b) shows the 
monoplane wing with nacelle in position A. 

Two biphwe-nacelle arrangement, design a ted po i
Lions "5" and "9", wcre also Lested. The biplan e 
cellul e had the foll owing dim ensions : pan, both wings, 
15 fect 10 inches; chord, both wing, 3 feet 2 inchp ; 
gap, 3 feet; tagger, none; airfoil ection, Clark Y. Fig
ure 1 (c) hows the po ition 9 arrangement. 

The alumimun-alloy propeller u ed in the e te t wa 
similar to a Navy 4412 9-foot propeller, and wa 4 
feet in diameter, corre ponding in scale to the engine 
and nacelle. D etailed dimensions of thi propeller arc 
given in refcrence 5. 

The motor was made to act as an electrical brake 
through the negative-torque range, by means of a 
variable re i tance in the armature circuit, the amount 
of re i tance determining the speed of revolution. The 
field current was held constant at a predetermined 
value and the armatm-e current measm-ed. The motor 
having been previously calibrated both as a motor and 
as a generator, the input or output power was easily 
calcula ted. 

The revolu tion speed of the propeller wa mea uJ'cd 
by a conden er-type electrical tachometer mounted on 
the rear of the motor hou ing and connected by wires 
to an indicating instrumen t on the floor below. 

For the pm-po e of obtaining te t points throughout 
the full V /nD range, both the tunnel air speed and the 
propeller revolution peed were varied through wide 
ranges. The propeller speed varied from 0 to 3,500 
r.p.m ., and the tunnel air speed from 0 to 100 miles 
per hour. As previou ly mentioned, the more com
plete te ts in thi program were made with the cowled 
nacelle alone, in which propeller blade-angle range of 
22° to - 23 ° with propeller free and 0° to 90° with 
propeller locked were covered. T ests were also made 
at two blade-angle etting with the hood of the 

.A. .A. cowling removed and the engine cy li nders 
expo cd . In all the te ts made with the nacelle alone 
the thru t line was parallel to the wind directio n. 

The propeller was tested at four blade angle , 22°, 
17°, 12°, and 7° at 0.75 radiu , with the nae lle in 
position A, and at two blade angles, 22° and 17° a t 
0.75 radiu , with the nacelle in po ition C, 5, and 9. 
The latter three tests were made at two angles of 
attack, - 5° and 0°, whereas all of the other te t in 
this report were made at 0° only . The monoplane 
and biplane test were limi ted to the negative thl'LI t 
and torque range. 

In each te t the drag or thrll t, torque, propeJler 
revolll tion peed, and nil' peed were d termined 0 er 

--~-------~--------------------------~--------- -----
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the de ired range from reading of the balance, am
meter, anci" manometer. 

RESULTS 

Two forms of coefficients were used in plotting the e 
da to" In the majority of the test the coefficients 

Tc= p;]J2 and Qc= pV9D3 were u ed, since they are 

better adapted to plotting in the range of high VjnD 
values, where negative propeller thrust usually occms. 
In the tests with the nacelle alone, however, where 
the full range of VjnD wa covered, it was found nec-

e ary to u e the coefficient~ GT = ~DC 4 and GQ = ~D5 
pn pn 

in Lhe range of low VjnD value. 
The ignificance of the units in the e coefficient 

form i a follow : 
T, thrust of propeller (ten ion in propeller 

shaft) 
t::.D, change in drag of the airplane due to pro

peller slip tream 
Te, effective thru t= T-flD 
Q, aerodynamic torque. I egative torque i 

defined a an ail' reaction upon the pro
peller tending to a sist the rotation. 
Positive torque, which is the reaction 
occurring in normal Hight, tends to resist 
rotation. 

V, propeller diameter 
n, revolutions per unit of time, 
p, rna s density of the air 

all values being expre sed in con i tent unit . 
It is clear that one form of the coefficient given 

may be changed to the other by multiplying or dividing 
by (V/nD)2. 

Figure 2 and 3 repre ent the performance of a 
propeller throughout the complete VjnD range and 
through a large range of blade angle. The u e of 
both form of the coefficient keeps the chart within 
]'('a onahle dimen ions. A V/nD yalue of tmity wa 
u cd a the point of tran ition from one form of 
coeIfici nt to thc other becau e both have equal 
yalue at that point. 

Figme 4 wa obtained by cro -plotting orne of he 
curves from :figure 2 and 3, and replotting. It wa 
designed primarily as a working chart and cover 
what might at thi time be called the usable negative
thru t range of blade angle and V jnD ratio. The 
coefficients Tc and Qc were u ed exclu ively in thi 
figure ince their imilarity to a drag coefficient render 
them suitable for u e in performance cal ulation . 

Figu!'es 5 and 6 pre ent the 1'e ult of the te t 
with the monoplane wing, and :figme 7 and tho e 
with the biplane cellule. Figme 9 how the cm,e 
for the propeller mounted on the nacelle alone both 
with and without the engine cowling; and in figure 
10 and 11 composite curves how the comparative 

p rformances of the propeller with "arlOU Wl1lg
nacelle combinations. The drag coefficient for a 
locked propeller et at any blade angle between 0° 
and 90° i given in figure 12. 

DISCUSSION 

The negative-thrust curve in this report are yery 
imilar in shape to those given in reference 1 and 2. 

On account of the small amount of available data on 
negative propeller thrust, all compari ons are confined 
to the data given in this report. 

The curves in figures 2 and 3 cover every condition 
that an airplane would ever encounter in ilight. On 
the left halve of the chart in their normal po itions 
are plotted Gr and GQ, re p ctively, and on the righ t 
ha lves the alternative coefficient Tc and Q" 1'espec
tiyely. If it be d sired to extend either ('t of coeffi
cients beyond the center line, it is only nooos ary to 
divide by the quare of the abscissa. 

The curve in figme 4 are taken from figure 2 and 
3. From them it appear that in the range of blade 
anO'le covered in these te t , the maximum negative 
tlU'u t coefficient inc rea e with a decrea e in blade 
angle. Ina much a the drag of an idlinO' propeller 
depend upon its speed of revolution, which in turn 
depend upon the torque of the engine, it is essential 
that curves of torque coeffieient should be included 
in any working chart. onO'e tion i avoided in thi 
chart by limiting the range of blade angle and nD/V 
to that portion which i most likely to be of use. 

The curve in figure 5 and 6, for the nac lle mounted 
on the monoplane wing, have the ame general shape 
a tho e for the nacelle alone, but how somewhat 
lower value" Figure 6 indicate that mall change 
in angle of attack have but light effect on the pro
peller drag. 

The re ults of the te t with the biplane arrange-
ment in figure 7 and how no material difference 
fr m th other te t re ult. Th effect of remo,ing 
the cowling i indicated in fiO'ure 9. The ClUTO how 
that this eft'ect i not large, and al 0 how that a difr~r
n c in negative thru t coeIftcient is not alway ac

companied by a dift'erence in the corre ponding torque 
coefficient . 

Figures 10 and 11 pre ent a compo ite of curve 
taken from the pl'eviou plots for Lhe purpose of 
comparing the 1'e ult from variou wing-nacelle 
arrangement. The e curye indicate that, in general, 
the larger the ob truction and the rIo er its po ition 
behind the propeller the Ie s the negative thrll t of the 
propeller. The thru t and torque curve vary in 
approximately the same manner. Oon iderable vari 
ation in the V/nD for zero thrust is noted. It i 
evident from the e chart that body eflect must be 
con idered for accurate performance calculation. 

The urve in figure 12 shows that a remarkable 
aving in drag may be effected by feathering the 
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blade of a locked propeller into the wind. The drag 
coefficient Tc drops from 0.0227 at 22° to 0.0014 at 
8 0 

APPLICATIONS 

Only recently has any attempt been made to put 
negative propeller thrust to use. The developmen t 
and more general use of the controllable-pitch propeller 
have brought about a new interest in this subj ect, and 
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tude rapidly, the dive speeds of modern airplanes have 
reached such high values as to make it difficult for 
the pilot to maintain satisfactory control of his air
plane. In such ca es it is desirable to provide a means 
by which the pilot, if he wishes, may reduce its terminal 
velocity. 

It has been proposed that the high drag of a propeller 
set at low blade angles be used to reduce terminal 
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FIG URE 2.- Thrust coefficients for propeller with nacelle alone. 

requests for negative-thrust data for aluminum-alloy 
propellers have become more frequen t. Some of the 
applications of the data are discussed in the following 
paragraph. 

R ED CTIO OF T ERMIN AL VELO CITY 

Airplanes, particularly those used by the mili tary 
services, are frequently r equired to dive to terminal 
velocity in order to carry out their specified mission . 
Although the purpose of this maneuver is to lose alti-

velocities, both to provide better con trol in the dive 
and to lessen the str ain on both airplane and pilot in 
the dive and the ubsequen t pull-ou t. This procedure, 
of com e, requires the use of a controllable-pitch 
propeller . 

Figure 13 presents graphically the results of terminal
veloci ty calculations for a conventional biplane. The 
alculations were made using the data in figure 4; 

as body or high-tip-speed effects were not considered. 
no pretension to great accuracy is made. The shor t 
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portions of the curves were calculated for the condition 
where engine power was used to maintain the propeller 
revolution speed at 2,200 r.p .m. In this way the ter
minal velocity i reduced much more than when the 
engine is fully throttled. 

In making these calculations the equation used to 
compute the terminal velocity was 

0 .08 

VT , terminal velocity in feet per second 
p, air density in lug per cubic foot . 

A curve of friction torque plotted against revolution 
speed of the engine i necessary for these calculations. 

An approximate method of making terminal
velocity calculations is as follow : 

1. elect a propeller-blade angle and diameter. 
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FIGURE 3.-Torque coefficients (or propeller with nacelle alone. 

where 
W, the weight of the airplane 

A parasite drag of airplane . 1 t 
= , an eqUlva en para-

E V2 
2 

ite area 
Te, the propeller-thru t coefficient taken from the 

chart 
K = pD2 

D, propeller diameter in feet 

2. E tim ate V T and propeller peed at V T • 

3. U ing estimated propeller peed, obtain 
friction torque from curve of friction torque 
again t propeller speed, which i as umed to be 
available. 

4. Calculate Qe fro;n known values of friction 
torque and V T. 

5. Project down from value of Qe on curve and 
obtain Te and nD/V. 

6. ub titute value of Te in equation and 
calculate VT . 

7. Knowing D and nDjV, calculate propeller 
speed using calculated value of V T • 
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8. If Lhe calculated value of V T and propeller 
speed are not the same as the estimated values, 
a new estimate must .be made and the process 
repeated. 

If the propeller is not of the same form as the one 
used in these tests, an adjustment of the data will of 
course be necessary. For greater accuracy high-tip
speed and body effects must also be considered . The 
efl'ect of high tip speeds may be determined from data 
given in reference 6. 

The results of the terminal-velocity calculations 
given in figure 13 show that as the propeller pitch is 
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FIGURE 6.- cgativc thrust and torque coefficients with monoplane wing, nncelle 
in position C. 

reduced the terminal velocity drop rapidly to a point 
where the blade angle is about 4° at 0.75 radiu , after 
which, with further decrease of pitch, i t ri e unles 
the revolution speed of the propeller is maintained by 
the use of engine power. 

The flight-research section of the ational Advi ory 
Committee for Aeronautics has recently completed 
a series of terminal-velocity clive te t upon a miliLary 
airplane equipped with a Hamilton Standard controll
able-pitch propeller. The re uIts of the e te ts when 
published will give more exact information concerning 
the effect of propeller-blade angle upon diving 
velocities. 

BRAKI NG EFFECT 

The braking effect of the propeller may be used to 
r educe the landing distance required by an airplane 
in the following ways: 

1. To increase the angle of descent. 
2. T o counteract the floating tendency of 

clean airplanes . 
3. T o reduce the landing run. 

In landing, a high-pitch propeller produces C011-

iderable thrust even at low engine revolution speeds. 
The thrust may be greatly reduced by decreasing the 
blade angle and the extreme braking effect may be 
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FIGUIIE 7.- egaUve thrust anti torque coefficient with hiplane cellule, nacelle 
in po ilion 9. 

obtained by reducing the blade angle to a high nega
tive value and applying engine power to maintain a 
T, InD giving the greute t negative thrust. In actual 
practice this might be a dangerou procedure if the 
airplane were not afely on the ground. In the glide 
before landing it would hardly be afe to reduce the 
blade angle below a value giving ufficient performance 
to enable the airplane to pull off the field again in 
case of an emergency. 

The accurate calculation of the effect of propeller 
braking upon the landing run i altogether too lengthy 
to be of practical use; however, an estimate may be 
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made u ing the landing-run formula for still air given 
by Glauert (reference 7): 

Landing run in feet, 8 ~ (f; , ) ]Og,( ~ ) 
2g L - }L }L 

where ilL is the landing speed in feet per second; 

f = g: i the value of these ratios in the landing atti

tude; and J.L i the coefficient of friction between the 
landing gear and the ground. 

Assuming a given reduction in blade angle, an 
equivalent additional flOD may be calculated using 
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curves in figure 2 and the known characteristics of the 
. 0 + flO 

airplane. The new value of D/L IS D OL D. It is 

then easy to calculate the length of landing run for 
each blade angle u ing the two values of D/L. 

The additional-drag coefficient flOD varies consider
ably with l1/nD, which make it necessary to u e an 
average value to avoid a lengthy integration. The 
use of an average coefficient may involve some error 
but it is believed that a close approximation to the 
correct re ults may be obtained if the !:;OD u ed is 
calculated for the l1/nD that exists at the beginning of 
the landing run. The calculation of !:;OD is merely a 
transformation from Te. 

As an illustration, consider the example of an air
plane with the following characteristics: Landing 
speed, 8 feet per second; a 9-foot diameter control
lable-pitch propeller with a normal high- peed etting 
of 22° ; wing area of 250 square feet; a D/L or OD/OL 
ratio in the landing po ition of 0.125. For convenience 
a value of J.L of 0.10 will be used. 

The lift coefficient OL in the landing position will 
be about 1.4, so that OD = 1. 4 x O. 125 = 0.175. If 
it is assumed tha t the blade angle for landing has 
been reduced to 7°, the average additional-drag co
efficient !:;Tc is about O. 125. 
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FIGURE 9.-Negative thrust and torque coellicients with nacelle alone, both wi th 
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The relation between OD and Tc is: 

OD= 2D2 = 2 X 9
2 
= 064 

Tc Sw 250 . 

The drag coefficient flOD corresponding to the addi
tional-drag coefficient flTc is 0. 648 X 0. 125 = 0.081. 
The total drag coefficient in the 7° po ition will be 
0.175 + 0. 081 = 0. 256. The D/L ratio for the 7° 

d· · will b O. 256 0 8 con ItlOn e IT= .1 3. 

If we consider that Glauert' formula USillg the 
original value of D/L gives the correct landing run 
with the blade at 22°, then the landing run with a 7° 
blade setting may be obtained by using the new value 
of D/L. 
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Th 1 t' e so u IOn f 1 h bl d or eac a e ang e gIves 1 080 f t additional saving. There has been some doubt as to , ee 
f or the 22° setting and 8 0 feet for the 7° setting, the 
atio of the two landing runs being 0.82. l' 

t 
b 

The reduc-

s 
t 
t 

IOn In landing run IS perhap a trifle optimistic 
ecause of the low DIL assumed for the 22° blade 
etting, for it is evident that the cleaner the airplane 
he greater will be the benefit derived from a reduc-
ion in blade angle. 

The ratio of the LID ratios in the landing po ition 

f h bl d . . h O. 125 8 or t e two a e settrngs IS t en O. 183 = O. 6 . It is 

vident that the reduction in the L ID ratio will not e 
o 
t 
n 
1 

nly increase the glide angle but should also effec-
ively eliminate any floating tendency. The combi-
ation of these effects should materially reduce the 

ength of runway required. The fact that any aIT-
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lane with a controllable-pitch propeller i very 
robably equipped with brakes tends to illIDlill lze 

p 
P 
t 
t 
he value of the propeller braking effect in shortening 
he landing run. 

D RAG OF LOCKED, IDLING, A D FREE-WHEELING PROPELLERS 

For the purpose of reducing the drag of an idling 
ropeller it has often been propo ed p 

w 
s 
e 
s 

that a "free-
heeling" clutch be placed upon the propeller shaft 

o that the propeller might be disengaged from the 
ngine while the engine is not in operation. srng 
uch a device a multi-engined airplane after reaching 
ts cruising altitude could, it ha been proposed, have 

o 
e 
ne or more engines stopped and could crui e more 
conomically under reduced power. It ha also been 

p roposed that III case controllable-pi tch propellers 
w ere being used the dead-engine propellers might be 
f eathered into the wind and locked, thus effecting an 

whether a free-wheeling propeller actually has less 
drag than a locked or idling propeller . 

U ing the data in figure 4, uch problems may be 
olved. The dl'ag of a locked propeller is easily found, 

since the drag coefficien t remains constant and is equal 

to the thl'Ust coefficien t at n: = O. The coefficient 

may be quickly found from figure 12. The drag 
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FIGURE ll .-Negative thrust and torque coefficients, nacelle mounted on biplane 
cellule-composite curves. 

coefficient of a free-wheeling propeller also remains 
con tant ince the propeller i operating at nearly zero 
torque. It may be found by proj ecting down from the 
point of zero torque to the appropriate thru t curve. 
From an ob ervation of the free-wheeling propeller
thru t oefficien ts for variou blade angles in figure 4, 
it i noted that, for blade angle of more than 15° at 
0.75 radiu , the drag of a free-wheeling propeller i 
slightly less than the drag of a locked propeller , whereas 
for blade angle Ie than 15° the drag of a free-wheel
ing propeller is more than that of a locked propeller. 

The drags of dead-engine idling and throttled-engine 
idling propellers are much more difficult to calculate 
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because the thrus t coefficien t is differen t for eacb 
velocity. A friction- torque curve for the engine must 
be at hand becau e the peed of rotation of the pro
peller, therefore the thrust coefficient, depends upon 
the friction in the engine. In addition to the friction
torque curve a thro ttled-power curve mu t be had for 
the calculation of the drag of a throttled-engine idling 
propeller. The e data being available, the determina
tion of propeller drag for the idling propeller re olves 
it elf into a cu t-and-try proce 

The results of calculation for a typical example 
follow. The airplane in thi example i as umed to 
have a 250-horsepower engine. Friction-torque and 
throttled-power curve for thi engine were a sumed 
but will not be shown here. 
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DRAG OF LOCKED, FREE-WHEELING, AND IDLING 
PROPELLER 

Yeloci ty, 
m.p.h. 

25 
1\0 
75 

100 

Propeller o. 4412- Diameter, 9 feet 

Drag in pounds 

Locked Locked Free- Deau-cD-
wheeling gine propeller propeller propeller propeller set 17· set 0 set 17· set 17· 

5. 9 0.36 3. 7 5.9 
23.6 1.5 15. 0 37.2 
53.0 3. 3 33.7 68.6 
94. 4 5. 60.1 101. 0 

Throttled-
engine 

propeller 
set 17· 

-22 
22 
60 

100 

The throttled engine was a sumed to be throttled to 
a point giving 350 r.p.m. at zero velocity. From this 
table it appear that in mo t ca e a free-wheeling pro
peller would have some advantage over a locked or an 
idling propeller, except where the blade of the locked 
propeller has been feathered iuto the wind. 

In this example the dead-engine idling propeller 
ab orb 27 horsepower at 100 miles per hour ; the free
wheeling propeller, 16 horsepower; and the locked pro
peller et 0, only 1}~ hor epower. 

At some peed be~ween 25 and 50 miles pel' hour th ' 
aerodynamic torque of the dead-engine propeller 
become in ufficient to overcome the friction torque of 
the engine, and the propeller s~ops. Below thi peed 
~he drag i the same as that for a locked propeller. 

Although the number of u e for negative propeller 
~hrust ha been greatly increa ed by the development 
of the controllable-pitch propeller, the uses are till 
relatively few. An attempt ha been made in the pre
ceding paragraphs to indicate orne of the problem in 
this field and to how how the data in this report may 
be used in their solu tion. 
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F IGURE 13.-The performaL1ce in a terminal-velociLY dive of an airplane having 
Lhe following characteristics: Oro weight, 2,580 pound ; engine, 420 horsepower 
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CONCLUSIO 

1. The negative thrust of a propeller i on iderably 
affected by the hape and ize of the body behind it. 

2. Through the range of blade angles covered in the e 
tests, themaximumnegative-thru t coefficient increase 
with decl'ea e in blade angle. 

3. For blade angle below 7° it i necessary to u e 
engine power to obtain the greatest negative' thrust. 

4. The drag of a free-wheeling propeller i slighLly 
Ie s than that of a locked propeller in the normal rano-e 
of blade-angle ettings. 

5. The drag of a locked propeller may be greatly 1'0 -

luced by feathering it into the wind. 
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z 
Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Sym~ to axis) Sym~ Designation bol symbol Designation bol 

LongitudinaL __ X X rolling _____ L 
LateraL _______ Y Y pitcJ:ing ____ M 
NormaL ____ __ Z Z yaWlng _____ N 

Absolute coefficients of moment 
L M N 

0,= 'lbS 0",,= 'leS 0,.= 'lbS 

Linear I 
Positive Designa~ Sym~ (compo~ 
direction tion bol nent along Angular 

axis) 
! 

Y--+Z roll __ ___ _ q, 'U P 
Z--+X pitch _____ /J " q 
X--+ Y yaw _____ 

j '" 
w r 

Angle of set of control surface (relati,e to neu
tral position), 5. (Indicate surface by proper 
subscript.) 

4. PROPELLER SYMBOLS 

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

T, 

Q, 

Diameter. 
Geometric pitch. 
Pitch ratio. 
Inflow velocity. 
Slipstream velocity. 

Thrust, absolute coefficient 07'= 'fD4 
pn 

Torque, absolute coefficient OQ= pn~D5 

P, Power, absolute coefficient Op= fD5' 
pn 

1/, 
n, 

6/pV5 

Speed power coefficient = V Pn2' 

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 lb./ft.lsec. 
1 kg/m/s=0.01315 hp. 
1 mi./hr. = 0.44704 m/s 
1 mls = 2.23693 mi./hr. 

1 lb. = 0.4535924277 kg. 
1 kg =2.2046224 lb. 
1 mi. =1609.35 m=5280 ft. 
1 m=3.2808333 ft. 


