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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

THE RESULTS OF WIND-TUNNEL TESTS AT LOW SPEEDS OF A FOUR- 

ENGINE PROPELLER -DRIVEN AIRPLANE CONFIGURATION 

HAVING A WING W I T H  40' OF SWEEPBACK 

AND AN ASPECT RATIO OF 10 

By George G. Edwards, Donald A. Buell, 
and Jerald K. Dickson 

A wind-tunnel investigation has been conducted t o  provide da.ta f o r  
the study of the e f fec ts  of operating propellers on the low-speed longi- 
tudinal character is t ics  of a four-engine t r ac to r  airplane configuration 
having a wing with bo of sweepback and an aspect r a t i o  of 10. A 
reflection-plane mounting w a s  used and the semispan model represented 
the right-hand side of a complete hypothetical airplane. Single- 
rotation, right-hand propellers were operated a t  values of th rus t  coef- 
f i c i e n t  ranging from 0 t o  0.9 per propeller. The thrus t  w a s  suf f ic ien t  
t o  siaiulate up t o  10,000 horsepower per engine a t  sea level,  assuming 
the model t o  be 1/12 scale. m e  t e s t s  were conducted a t  Mach numbers 
from 0.082 t o  0.165 and Reynolds numbers of 4,000,000 t o  8,000,000. 
Variations i n  the model included several heights and incidences of the 
horizontal t a i l  as well as t a i l  removed, two arrangements of extended 
s p l i t  f laps ,  several propeller-blade angles, and independent as well 
as simultaneous operation of the inboard and outboard propellers. 

The coefficients of l i f t ,  longitudinal force, pitching moment, 
propeller thrust ,  and propeller power are presented i n  tabular form f o r  
various values of advance r a t i o  a t  constant angles of attack. Selected 
portions of the data are  presented i n  plot ted form for  various constant 
th rus t  coefficients . 
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INTRODUCTION 
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The potentialities of the turbine-propeller propulsion system, 
particularly with regard to take-off and range characteristics of 
multiengine airplanes, have stimulated interest in the long-range 
turboprop airplane designed to fly at high subsonic speeds. A possible 
airplane configuration for this application appears to be one utilizing 
a sweptback wing of high aspect ratio in combination with tractor- 
mounted supersonic propellers. The effects of these highly loaded 
propellers on the flow over the swept wing and tail surfaces and the 
consequent effects on the longitudinal characteristics of the airplane 
cannot be estimated with confidence on the basis of existing experi- 
mental data or theoretical methods. 
meager, and existing theoretical methods, developed for airplanes with 
low propeller-disc loadings and unswept wings, are of doubtful validity 
for the arrangement considered, 

Applicable experimental data are 

An investigation was undertaken in the Ames 12-foot pressure wind 
tunnel for the purpose of evaluating experimentally the effects of 
operating propellers on the longitudinal aerodynamic characteristics of 
a representative multiengine airplane configuration wtth a sweptback 
wing. The power-off longitudinal characteristics of several combi- 
nations of the components of this airplane configuration have been 
presented in references 1 to 4. 
are reported in reference 5. 
the complete configuration at low speeds are reported herein. 
is directed to the fact that the Reynolds numbers of these testsewere 
much higher than are usually attained in power-on tests of models, 
ranging from h,OOO,OOO to 8,000,000. 
analysis at this time to expedite publication. 

The characteristics of the propeller 
The results of power-on force tests of 

Attention 

The data are presented without 

NOTATION 

A upflow angle, average angle of local flow at the 0.7 propeller 
radius on the horizontal center line of the 
measured with respect to the thrust axis in 
to the plane of symmetry 

a mean-line designation, fraction of chord over 
is uniform 

propeller plane, 
a plane parallel 

which design load 

b/2 

b! propeller-blade width 

wing semispan perpendicular to the plane of symmetry 
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cL 

Cm 

CP 

cX 

C 

C ’  

- 
C 

C 
2i 

D 

h 

hP 

it 

J 

I t  

M 

n 

P 

Q 

l i f t  l i f t  coefficient,  - 
ss 

pitching-moment coefficient about the quarter point of t h q  mean 
pitching moment 

aerodynamic chord, 
qSE 

power coefficient per propeller, 
pn3D5 

X longitudinal-force coefficient, - 
4s 

loca l  wing chord pa ra l l e l  t o  the plane of symmetry 

loca l  wing chord normal t o  the reference sweep l i n e  (see table  I) 

s,”’2 c2dy 
wing mean aerodynamic chord, 

Jbi2 c dy 
0 

wing-section design l i f t  coefficient 

propeller diameter 

maximum thickness of propeller-blade section 

horsepower 

incidence of the horizontal t a i l  with respect t o  the wing-root chord 
I 7  v propeller advance rat io ,  - 
dD 

t a i l  length, distance between the  quarter points of the mean aero- 
dynamic chords of the wing and the hosizontal tail,  measured 
pa ra l l e l  t o  the plane of symmetry 

free-stream Mach number 

propeller ro ta t iona l  speed 

shaf t  power per motor 

free-stream dynamic pressure, - PV2 

2 



NACA RM ~53128 

R 

R' 

r 

S 

T 

TC 

t 

v 

X 

Y 

a 

P 

P '  

6 

Reynolds number, based on wing mean aerodynamic chord 

propeller-t ip radius 

propeller -blade - see t i on  radius 

area of the semispan wing, f laps  off 

th rus t  per propeller, pa ra l l e l  t o  stream 

thrus t  coefficient per propeller, - 
wing-section thickness 

T 
P v2I? 

free-stream velocity 

longitudinal force, pa ra l l e l  t o  stream and posit ive i n  s dragwise 
direct ion 

l a t e r a l  distance from the plane of symmetry 

angle of a t tack of the wing chord a t  the plane of symmetry 
(referred t o  herein as the wing-root chord) 

propeller-blade angle, measured a t  0.70 of the t i p  radius 

propeller-blade-section angle 

f l ap  angle, measured relat ive t o  the loca l  chord i n  planes normal 
t o  the  reference sweep l i n e  

propeller efficiency 

mass density of air 

angle of l oca l  wing chord re la t ive  t o  the wing-root chord, posit ive 
fo r  washin, measured i n  planes pa ra l l e l  t o  the plane of symmetry 

Subscripts 

av average 

t t a i l  

C 
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MODEL AND APPARATUS 

5 

The model represented the right-hand half of a complete hyyotheti- 
ca l  airplane. The geometry of the model i s  given i n  figure 1 and i n  
t a b l e  I. The selection of the geometric properties and the de t a i l s  of 
the construction of the wing, nacelles, fences, all-movable ta i l ,  and 
fuselage have been discussed i n  references 1, 2, and 4. 

The extended s p l i t  f laps  consisted of 1/8-inch-thick aluminum 
pla tes  attached t o  the t r a i l i n g  edge of the wing. 
The f laps  were supported by fixed brackets from the lower surface of 
the wing and had a chord equal t o  20 percent of the wing chord measured 
perpendicular t o  the reference sweep l ine.  
were used i n  the tests reported herein, as i l l u s t r a t e d  i n  figure 1( e) .  
The arrangement designated "inboard flaps" i s  the same as tha t  used 
i n  the investigation of reference 4, wherein the f laps  extended from the 
fuselage t o  the outer nacelle. I n  the second arrangement of flaps,  
designated "outboard flaps," the f laps  extended from the inboard nacelle 
t o  70 percent of the semispan. The gaps between the f laps  and the wing 
t r a i l i n g  edge, nacelles, and fuselage were sealed. 

(See f i g .  1( e) .  ) 

Two arrangements of f laps  

A photograph of the model mounted i n  the wind tunnel i s  shown i n  
The turntable upon which the model w a s  mounted i s  d i r ec t ly  figure 2. 

connected t o  the balance system. 

The propellers used i n  t h i s  investigation each had three blades 
and right-hand rotation; they were designated NACA 1.167-(0) (05 )  -058 
(see f i g .  3) and were the same propellers tes ted a t  low speeds i n  the 
investigation reported i n  reference 5. 
these propellers were ident ica l  t o  the NACA 1.167-( 0) (03) -058 supersonic 
propeller except t ha t  the blade thicknesses were increased by a factor  
of f ive-thirds a t  a l l  r ad ia l  s ta t ions.  These thicker blades were 
designed t o  withstand the high blade loadings accompanying low-speed 
operation i n  the wind tunnel a t  an air  density corresponding t o  a 
pressure of 6 atmospheres. 

A s  explained i n  tha t  reference, 

In  each nacelle, a variable-speed motor rated 75 horsepower 
a t  18,000 rpm w a s  coupled with a gearbox t o  drive the propeller a t  a 
rotat ional  speed two-thirds tha t  of the motor. 
combination and the means f o r  measuring power and rotat ional  speed 
were ident ica l  t o  those of the investigation reported i n  reference 5. 

The motor-gearbox 
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TESTS 

Test Conditions and Procedure 

*NACA RM A53128 

The majority of the t e s t s  reported herein were made a t  a Mach 
number of 0.082, a Reynolds number of 4,000,000, and a propeller-blade 
angle f3 of 26O. The corresponding dynamic pressure q of the air 
stream was  approximately 57 pounds per square foot. Other t e s t s  were 
made a t  Mach numbers of 0.082 t o  0.165, Reynolds numbers of 4,000,000 
t o  8,000,000, and with propeller-blade angles from 21' t o  36'. 
angle-of-attack range w a s  2 O  t o  18O. 
and without the horizontal ta i l ,  f laps,  and propellers. The height of 
the horizontal- ta i l  hinge axis w a s  e i t he r  0, 0.05, 0.10, o r  0.15 of the 
wing semispan (see f ig .  l (a ) ) .  The model was tes ted with the t a i l  a t  
various angles of incidence. Inboard f laps  ( f ig .  l ( e ) )  w e r e  attached 
at 30° and 600 angles of deflection 6 and outboard f laps  a t  30'. A t  
each angle of attack, Mach number and Reynolds number were held constant 
while data  w e r e  obtained f o r  several propeller ro ta t iona l  speeds from 
windmilling t o  the maximum attainable,  the l a t t e r  being limited by 
e i ther  the maximum power o r  the maximum rotat ional  speed of the e l ec t r i c  
motor 

The 
The model w a s  tes ted both with 

Propeller Calibration 

The propeller w a s  calibrated on a special ly  constructed calibra- 
t i on  nacelle as described i n  reference 5 -  
thrust  character is t ics  of the propeller i n  the presence of the spinner 
and nacelle forebody were measured a t  several  angles of a t tack f o r  the 
range of t e s t  conditions covered i n  the t e s t s  of the complete model. 

With t h i s  equipment the 

REDUCTION OF DATA 

Thrust Coefficient 

The thrus t  coeff ic ient  T, used herein w a s  determined from the 
propeller cal ibrat ion a t . t h e  same Mach number, Reynolds number, 
propeller-blade angle, advance ra t io ,  and upflow angle A as f o r  the 
complete model test. The upflow angle used w a s  the average at  the 0.7 
propeller radius on the horizontal center l i n e  of the propeller plane, 
determined from the data  i n  reference 6. Typical variations of th rus t  
coefficient T, with advance r a t i o  J are  shown i n  f igure 4. Average 
values of T, 
operating, since the differences were very small. It i s  estimated tha t  

are presented fo r  a l l  cases i n  which both propellers were 
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in the tests at the lowest dynamic pressure (57 lb/sq ft), the experi- 
mental error in T, 
of Tc, and 0.02 at high values, disregarding scatter. This is con- 
sidered to be the accuracy of 
within the report. 

could amount to as much as O.OO5 at low values 

T, for purposes of comparing data 

The relationship between T, and CL shown in figure 5 is for the 
convenience of the reader who wishes to apply the data at a full-scale 
constant-power condition. The constant-power conditions shorn are 
based on an assumed model scale of 1/12 and are representative of level 
flight at sea level for a 200,000-pound airplane with constant-speed 
propellers. Also shown in figure 5 are the variations of propeller 
efficiency and blade angle with velocity determined from the propeller 
calibration reported in reference 5. The 10,000 horsepower per engine 
is intended to be a typical take-off power, simulated by the thrusts 
available on the model at a test Mach number of 0.082 and a test 
Reynolds number of 4,000,000. The 7,000 horsepower is about the 
maximum that could be simulated with the model and equipment at high 
lifts at a Mach number of 0.123 and a Reynolds number of 4,000,000. 

Force and Moment Coefficients 

The basic data, obtained at various thrust coefficients at a 
constant angle of attack, were reduced to conventional form, that is, 
angle of attack, longitudinal-force coefficient, and pitching-moment 
coefficient as a function of lift coefficient for constant values of 
Tc, by means of cross plots. 

Corrections 

The data have been corrected by the method of reference 7 for the 
effects of tunnel-wall interference originating from the lift on the 
wing. These corrections were as follows (additive to measured values) : 

AX = 0.38 cLw 

L X ~  = 0.0030 C& (tail off) 

= 0.0122 C% (tail on) 

cLP where C h  = CL - 
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is the lift coefficient due to propeller thrust and propeller 
ana cI,p 
normal force (obtained during the tests reported in ref. 5). 
constants in the above expressions for correction to the pitching- 
moment coefficient were computed for power-off conditions. 
estimated that the error in 
amount to 0.004 at the highest thrust coefficients and the highest 
angles of attack when the tail is immersed in the slipstream. 

The 

It is 
Cm resulting from this assumption could 

The dynamic pressure was corrected for constriction effects due to 
the presence of the tunnel walls by the method of reference 8. 
correction consisted of an increase in the measured dynamic pressure of 
from 0.2 to 0.3 percent, depending on the Mach number. 
wind-tunnel-wall constraint on the model-propeller slipstreams was 
evaluated by the method of reference 9 and was found to be negligible. 

The 

The effect of 

The longitudinal-force-coefficient tare resulting from the aero- 
dynamic forces on the exposed portion of the turntable was 0.003. No 
attempt has been made to evaluate tares due to interference between the 
model and the turntable or  to compensate for the tunnel-floor boundmy 
layer, which had a displacement thickness of one-half inch at the 
turntable. 

RESULTS 

An index to the data is presented in table 11. The basic, unfaired 
The coefficients of lift, data are tabulated in tables I11 through XIV. 

longitudinal force, and pitching moment, plotted in conventional form 
for constant values of T,, are shown for selected configurations,and 
test conditions in figures 6 through 40. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif., Sept. 28, 1953 
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Aspect r a t i o  (full-span wing). . . . . . . . . . . .  . . .  10.0 

Sweepback. . . . . . . . . . . . . . . . . . . . . . . . . .  400 
Twist. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -5O 

Root . . . . . . . . . . .  NACA 0014, a = 0.8 (modified) c = 0.4 

Taper r a t i o .  . . . . . . . . . . . . . . . . . . . . . . . .  0.4 

Reference sections (normal t o  reference sweep l ine )  

2 i  
Tip. . . . . . . . . . . . .  NACA 0011, a = 0.8 (modified) cz; = 0.4 

co 

' 

ha, 
c 

TABm I.- GEOMETRIC PROPERTIES OF THE MODEL 

4.5 
0.4 
40' 
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I 

Area (semispan model). . . . . . . . . . . . . . . . . . . .  6.944 f t 2  
Mean aerodFamic chord . . . . . . . . . . . . . . . . . .  1.251 f t  
Flaps5 extended from t r a i l i n g  edge . . . . . . . . . . . .  0.20 v'  
Incidence (measured in  the plane of symmetry). . . . . . . .  - 3c 

Fences a re  located a t  y/b/2 = 0.33, 0.50, 0.70,.and 0.85. *. 

Nacelles 

6 

Frontal  area (each) . . . . . . . . . . . . . . . . . . . .  
Inclination, 

Inboard. .  . . . . . . . . . . . . . . . . . . . . . . .  
Outboard . . . . . . . . . . . . . . . . . . . . . . . . .  -7.0' 

0..208 f t 2  

Propellers 

Diameter . . . . . . . . . . . . . . . . . . . . . . . . .  1.167 f t  
Number of blades - 3  
Propeller-activity factor  (per blade). . . . . . . . . . .  188.4 
Propeller-blade thickness-chord r a t i o  (0.70 radius) .  . . .  0.05 
Sol id i ty  (per blade) . . . . . . . . . . . . . . . . . . .  Q .058 

. . . . . . . . . . . . . . . . . . . . . .  

Blade sections . . . . . . . . . . . . . .  symmetrical NACA 16 ser ies  

Horizontal T a i l  

Reference sweep l ine :  Locus of quarter chords of sections inclined I ^  hOo t o  the plane of symmetry I 
Aspect r a t i o  (full-span ta i l ) .  . . . . . . . . . . . . . .  
Taper ra t io .  . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback. . . . . . . . . . . . . . . . . . . . . . . . .  

C 
I 
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t 

P 

TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL - Concluded 
- 

Horizontal T a i l  (Continued) 

Reference section (normal t o  reference sweep l i n e )  . . . . NACA O O l C  
T a i l  length, Zt. . . . . . . . . . . . . . . . . . . . . 3 -25: 
Area (semispan model). . . . . . . . . . . . . . . . . . . 1.387 ft2 
Mean aerodynamic chord . . . . . . . . . . . . . . . . . 0.833 f t  

Tap1 heights (measured ver t ica l ly  from the fuselage center 
l i n e  t o  the hinge axis  of the horizontal t a i l  i n  wing 
semispans (see f i g ,  l ( a ) )  . . . . . . . . . . . 0, 0.05, 0.10, 0.17 

T a i l  vol-me, It/.' (St/S) . . . . . . . . . . . . . . . . 0.67 

1 .  

Fuselage 

Fineness r a t i o  . . . . . . . . . . . . . . . . . . :. 12.6 
* Frontal  ayes (sealspan model). . . . . . . . . . . . . 0,273 f t2  

Fu2elage coordinates : 

Distance from 
nosej in. 

0 

2.54 
1.27 

5.08 
10.16 
20.31 
30 47 
39 * 44 
50.00 
60.00 

76 .oo 
82 .oo 

70.00 

88.00 
94.00 
100.00 
106.00 
126.00 

Radius, 
in.  

0 
1.04 
1-57 
2-35 
3.36 
4.44 
4.90 
5.00 
5.00 
5 .oo 
5.00 
4.96 
4.83 
4.61 
4.27 
3.77 
3 003 
0 
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Figure 2.- Model mounted in the wind tunnel. 
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