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SUMMARY 

An investigation has been made in the Langley 9- by l2-inch super
sonic blowdown tunnel at a Mach number of 1.9 and a Reynolds number 

of 2 .3 x 106 to determine the effects of flap size and location on an 
unswept semispan wing in combination with a half-fuselage. The wing had 
an aspect ratio of 2 . 5 , a taper r atio of 0 . 625 , and 6-percent-thick 
modified double-wedge airfoil sections. Flap configurations included 
25 -, 35-, and 45-percent-chord plain flaps of various spans located at 
various spanwise stations. 

The values of rolling -moment coefficient and the increments in lift 
coefficient caused by flap deflection varied linearly with flap deflection 
for each flap configuration and were about additive for adjacent flap
span segments. The rate of change in the rolling-effectiveness param
eter C2 with flap span, brought about by progressive removal of the 

5 
outboard end of the flap , decreased slightly as the span decreased. A 
slight increase was noted in the rate of change of C2 with flap chord 

5 
as the chord increased. 

For most configurations, theory predicted the trends in flap charac
teristics as influenced by changes in chord, span, and spanwise location 
of the flaps ; however, theoretical effectiveness values were higher than 
the experimental results by 10 to 30 percent for rolling moment and 0 
to 30 percent for lift and pitching moment. For flaps located adjacent 
to the fuselage, the calculated effectiveness sometimes fell below experi
ment, probably because theory did not consider the increased rate of flow 
near the fuselage. 
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INTRODUCTION 

General trends of control char acteristics at supersonic speeds cannot 
always be predicted by simple theory. As an example of the unexpected, 
the test results at supersonic speeds of reference 1 have shown that, 
for at least one set of design conditions, the location of a constant
span trailing-edge aileron should be moved inboard as the wing is swept 
back in order to achieve maximum rolling effectiveness. Such information 
points out the need for detailed experimental information concerning the 
optimum size and location of supersonic control surfaces, especially as 
affected by wing geometry and Mach number. An experimental investigation 
ha s therefore been started in the Langley 9- by 12 -inch supersonic blow
down tunnel to study the effects of some of the design parameters on 
control effectiveness. 

As part of this investigation, several flap -type control arrangements 
have been tested on an unswept semispan wing in the presence of a fuselage. 
The wing had an a spect ratio of 2 .5, a taper ratio of 0 . 625 , and 6-percent
thick modified double-wedge airfoil sections. The chords and spans of 
the flaps varied from 25 to 45 percent of the wing chord and f rom 25 to 
75 percent of the wing semispan, respectively, and were tested at various 
spanwise locations. The investigation was carried out at a Mach number 
of 1.9 and a Reynolds number of 2.3 X 106 through angles of attack 
varying from _20 to 40 . Flaps were deflected from 00 to 150 . 

Five-component force data are presented, and the experimental values 
of flap lift, rOlling-moment, and pitching-moment effectiveness are 
compared with theory. 

COEFFICIENTS AND SYMBOLS 

All data are presented with respect to the wind axes. 

lift coefficient (L~~~ 

drag coefficient (D~~~ 

pitching-moment coefficient (Pitching mome~t about 0.5C) 
qSc 

gross rolling-moment coefficient 

(
Rolling moment of the semispan Wing) 

2qSb 
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C 
ngross 

Cz 

t£z, 6Cm 

6p 

q 

S 

-c 

c 

c 
f 

b 

bf 

Yf 

ex, 

5 

R 

CL ex, 

C
L5 

gross yawing-moment coefficient 

(
YaWi ng moment of the semispan wing\ 

2qSb J 

roll i ng-moment coefficient (C Z - C Z ) 
\ gross groSS(5=OO) 

increment in coefficient due to control - surface deflection 

increment in pressure 

free - stream dynamic pressure 

exposed semispan wing area (10.00 sq in.) 

mean aerodynamic chord of exposed wing area (3 . 13 in.) 

local wi ng chord 

local control- surface chord 

twice distance from wing root to wing tip (S.13 in.) 

control - surface span 

spanwise location of inboard end of control surface 

angle of attack relative to free-stream direction 

control- surface deflection measured in a plane normal to 
hinge line (positive with trailing edge deflected down) 

Reynolds number based on c 

rate of change in lift coeffic ient with angle of attack ( ~~L) 

r ate of change in lift coefficient with control-surface 

deflection ( ~~L) 
rate of change in pitching -moment coefficient with control 

surface deflection (~m) 

r ate of change in rolling-moment coeffic ient with control

surface deflection ( :~ 2 ) 
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MODEL AND TE STS 

Model 

A photograph of the semispan wing and the half-fuselage installed 
in the test section is shawn in figure 1. The geometry of the configu
ration is presented in figure 2 (the fuselage ordinates are the same as 
those presented in fig . 3) . The wing was unswept at the midchord line 
and had a taper ratio of 0 . 625 and an aspect ratio of 2 . 5, based on the 
wing area (13.12 sq in .) which included that portion of the wing enclosed 
by the fuselage . The 30 -percent-chord wedge-shaped leading and trailing 
edges had included wedge angles of 11 .430 measured streamwise. The 
center 40 percent of the wing chord had a constant 6-percent-chord 
thickness. 

Flap configurations included 25 -, 35-, and 45-percent-chord plain 

flaps. The flaps extended from the fuselage intersection at 0 . 2~ 

to 0.9~ and were divided into three equal 0.2~ segments. These 

segments were deflected separately and in combinations which gave flap 
spans equal to 25, 50, and 75 percent of the wing semispan. For the two 
larger-span flaps, the gaps between increments were sealed and faired 
to provide continuous spans. Small grooves were machined in the wing 
at the flap hinge lines, thereby permitting deflection of the flaps 
about an axis which lay near the lower surface of the wing. (See fig. 2.) 
Deflections were made from 0 0 to 150 and were measured normal to the 
hinge line. 

The reference axis of the wing used in the investigation was 
displaced from the reference axis of the fuselage to provide an exposed 
wing span that would conform with that of a configuration being investi
gated at low speeds . 

Tests 

The present tests were conducted in the Langley 9- by 12-inch super
sonic blowdown tunnel, which is of the nonreturn type utilizing the 
exhaust air of the Langley 19-foot pressure tunnel. The absolute pressure 

of the inlet air is approximately 2~ atmospheres and contains about 

0 . 3 percent of water by weight. The free-stream Mach number is 1.90. 
Possible factors in the air -flow characteristics which might affect the 
aerodynamic results are discussed in reference 2 . 
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The dynamic pr essure and the test Reynolds number decreased about 
3 . 5 percent during the course of each run because of the decreasing 
pressure of the inlet air. The average dynamic pressure for the se tests 
was 11 . 5 pounds per square inch, and the average Reynolds number 
was 2 .3 X 106. 

The aerodynamic characteristics of the wing were determined through 
a r ange of flap deflections from 00 to 150 for the various f l ap configu
r ations. The angle - of- attack r ange investigated varied from _20 to 40 . 
Five - component force measurements were obtained on the wing tested in 
the presence of, but not attached to, a half - fuselage . Because of balance 
deflections under load, a small gap of approximately 0.015 inch was 
ma intained between model and fuselage under the no - load condition. 

TE~ ~C~IQ~ 

In the test arrangement used, the semispan wing model is canti
levered from a strain- gage balance which mounts flush with the tunnel 
wall and rotates with the model through the angle - of-attack range. The 
half-fuselage is attached to the housing of the balance system, thus 
permitting the wing to be tested in the presence of, but not attached to, 
the fuselage. 

The initial program in developing an acceptable technique for 
testing semispan models in this tunnel was reported in reference 2. It 
was found that shimming a half- fuselage away from the tunnel wall not 
only minimized wall-boundary-layer effects over the fuselage but also 
brought the pressure distribution over the fuselage in better agreement 
with that measured over a complete fuselage mounted in the center of the 
tunnel. 

It was believed that a more exact means of evaluating the wall
mounting technique would be to investigclte the loading carried on a 
lifting surface in the vicinity of the wing-fuselage juncture. Accord
ingly, additional development work has been carried out whereby the 
pressur e distr ibution has been measured on a two-dimensional airfoil 
extending through a fuselage . To obtain a basis for comparison, data 
were first obtained with the fuselage mounted in the center of the tunnel 
(fig. 3) . For this arrangement there was no gap (close sliding fit) 
between the airfoil and fuselage . The fuselage was then split and 
mounted as a half- fuse lage on the tunnel wall in approximately the same 
arr angement a s used in the force tests (shimmed out 0.25 inch with a 
0 . 020 - inch clearance gap around the airfoil) . The survey airfoil had 
double -wedge sections and five pressure orifices on both the upper and 
lower surfaces . It was so arranged as to allow spanwise movement 
through the fuselage. 
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The results of these survey tests are presented in figures 4(a) 
and 4(b) for angles of attack of 00 and 40 , r espectively . Pressure 
measurements presented are for the regions which were not influenced by 
the Mach cone emanating from the air foil tip or by the wall-reflected 
Mach cone f r om the fuselage nose. (Pressure measurements on the airfoil 
made on both sides of the fuselage mounted in the center of the tunnel 
indicated no appreciable effects of the fuselage support strut . ) 

Qualitative examination of the data of figures 4(a) and 4(b) shows 
that the airfoil pressures measured for the two fuselage arrangements 
were in good agreement. However , the use of the shimmed wall-mounted 
fuselage with a gap around the airfoil caused small deviations to occur 
in the pressures for a distance of about I inch immediately outside the 
fuselage and near the airfoil trailing edge . This was probably a result 
of gap effects on the boundary l ayer near the wing-fuselage juncture . 
Because of these flow disturbances near the surface of the fuselage , it 
would be expected that the results of tests with inboard contr ols would 
not be so reliable as the results of tests with contr ols located farther 
outboard. 

It was al so evident that the fuselage gap allowed some air loading 
to be carr ied over the unexposed portion of the air foil . Although this 
gap effect was not considered significant for the r ange of angles of 
attack of the present tests, the dat a indicate that such loads could 
produce significant effects on the data obtained by this technique at 
greater angles of incidence . 

ACCURACY 

Free-stream Mach number has been calibrated at 1 . 90 ± 0 . 02 . This 
Mach number was used in determining dynamic pressure. Calibration of 
the tunnel -clear condition indicated that static pressure varied about 
±1 . 5 percent in the test-section region. 

No tare corrections have been applied to any of the data presented. 
As shown by the out -of- trim conditions of figure 5, some errors existed 
in the absolute measurement of the data . Smaller errors, however , 
existed in the measurements of test points relative to each other and 
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the magnitudes of these errors, which indicate the accuracy of the cross 
plots, are believed to be of the following order: 

Variable 
6.p/q 
0-, degrees 
a, degrees 
CI 
CL 
CD 
Cm 
Cn 

Error 
±0.002 
to.05 
±0.10 

±0.001 
±0.005 
to.OOl 
to.002 

±0.0002 

Twist in the survey airfoil due to inaccuracies in fabrication 
caused a variation in angle of attack that amounted to less than ±0.2°. 

Considering this variation, the absolute values of 6.p are believed to 
q 

be accurate to to . Ol. 

RESULTS 

Complete test data for the wing with 25 -percent - chord flaps are 
presented in figures 5 to 9 where the aerodynamic coefficients are 
plotted against angle of attack for the various configurations. These 
plots are representative of the experimental data; therefore, the 
corresponding plots for the 35- and 45 -percent-chord flaps are omitted. 
Displacement of the curves for the basic wing (flaps neutral) presented 
in figures 5(a) and 5(c) is believed to have been caused by model 
misalinement and slight changes in the wing- fUselage incidence resulting 
from variations in the test setups . Ther efore , when changes in the setups 
were necessary, additional basic wing tests were made and used for the 
subsequent series of tests. 

Cross plots of the basic data are presented in figures 10 to 13 in 
which the coefficients are plotted against flap deflection at zero angle 
of attack . Symbols were used in these plots to show clearly the trends of 
the aerodynamic coefficients and the points taken from the unpresented 

bf Yf cf 
CZo against b!2' b!2' and c and 

are presented in figures 14 to 16. 

data. Additional cross plots of 
bf cf 

against b/2 and c of 

The experimental and calculated theoretical results are summarized 
in table I . The theoretical results were calculated by the method 
described in references 3 and 4 . 
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DISCUSSION 

Wing Characteristics 

The experimental value of CL~ for the wing was about 0 . 0425 

(fig. 6 (a)) as compared with the theoretical value of 0 . 0445 calculated 
by the method described in reference 3 with a correction for fuselage 
upwash applied using the method described in reference 5 . From 
figure 5(a), the r a0e of change of C2 with angle of attack was gross 
equal to about 0.0056. The theoretical value, obtained by using refer 
ences 3 and 5 was 0 .0057 . The minimum drag coefficient for the wing in 
the presence of the fuselage was about 0.019 (fig . 7(a)). Based on the 
experimental lift and pitching-moment data, the chor dwise location of 
the center of pressure wa s calculated to be about 8 percent of the wing 
mean aerodynamic chord ahead of the center of area . 

Flap Characteristics 

Rolling moment. - Figure 5 shows that, for the small angle -of -attack 
r ange covered, the rolling effectiveness of the flaps was independent 
of angle of attack. The values of the rolling-moment coefficient 
obtained from figure 10 varied linearly for each flap throughout the 
deflection range and were approximately additive f9r the individual flap 
spans . The data of figure 14 show a decre ase in the value of the rolling
effectiveness parameter C25 with inboard movement of a constant - span 

flap. There was also a decrease in the r ate of change of C25 with 

span as the span decreased for a given value of the spanwise - location 

~ 
parameter b!2. This decrease follows the same trends evidenced in the 

change in flap area moments (about the rolling-moment reference axis) 
with flap span. The data of figure 15 indicate a slight increase in the 
r ate of change of C25 with flap chord as the chord increased . A study 

of table I shows that, for this wing-flap arrangement at a Mach number 
of 1 . 9 , the theoretical effectiveness values are not appreciably affected 
by flow conditions at the flap ends, since for each flap chor d the 
summation of the theoretical values of C25 for various combinations 

of the flap - span segments agree within 1 percent with the value calculated 
for flaps deflected as a unit. Summation of experimental values, however, 
did not agree as well and devi ated as much as 10 percent . This lack of 
agreement indicates that single spanwise effectiveness curves for a given 
flap chord would not be completely accurate . (See fig . 14(b).) The trends 
predicted by theory (figs. 14(a), 14(b), and 15) agreed qualitatively with 
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those noted experimentally; however , for most arrangements the theo
retical values of CZ 5 (table I(a)) were from 10 to 30 percent higher 

than experiment. These theoretical values possibly are higher as a 
result of the theoretica l assumptions of unseparated flow on the model 
and no gap leakage at the ends of the deflected flaps. The results 
for the 25 -percent - span flaps located adjacent to the fuselage were an 
exception in that the theoretical effectiveness sometimes fell below 
the measured effectiveness, and this difference increased as the chord 
increased. This result was attributed to limitations of theory which 

9 

did not consider the increased rate of flow near the fuselage (illustrated 
in the pressure - distribution d ata of fig. 4) . 

Lift and pitching moment .- Lift effectiveness was constant through 
the angle - of -attack range (fig . 6 ) . In view of the estimated accuracy 
of the dat a in figure 11, only one curve was faired through the points 
obtained for a given span flap located at various spanwise positions. 
Figure 11 shows that the incr ements in lift coefficient caused by flap 
deflection varied linearly with flap deflection throughout the deflection 
range and were about additive for combinations of the flap - span segments. 
The data of figure 16 indicate that the lift - effectiveness parameter CL5 
was approximately a linear function of flap span and that an increase 
generally occurred in the rate of change of CLo with flap chord as 

the chord increased . The results show that, for a given increase in 
flap area, increasing the flap chord rather than the span would provide 
a slightly greater value of CL5 . Theory predicted about the same 

trends as indicated by the experimental results, although the theoretical 
values of CL5 (table I(b)) ranged from 0 to 30 percent higher than 

experiment . 

Deflecting the flaps shifted the position of the pitching-moment 
curves in a negative dir ection (fig. 8) but did not alter the slope . 
The data of figur e 12(b) indicated a linear Variation of pitching moment 
with flap deflection. The theoretical values of the pitching-moment 
parameter CffiD (table I(c)) were from 0 to 30 percent higher than 

experimental results , except for some inboard- flap configurations where 
theoretical effectiveness was shown to be too low . These differences 
were probably due to the flow- field characteristics near the fuselage as 
discussed in the section on rolling moment . 

CONCLUSIONS 

From tests in the Langley 9- by 12- inch super sonic blowdown tunnel 
at a Mach number of 1.9 to determine the effects of size and location 
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of plain flaps on an unswept low-aspect-ratio wing, the following 
conclusions may be drawn : 

1 . The values of the rOlling-moment coefficient varied linearly 
with flap deflection and were about additive for the various flap 
configurations . The rate of change in the rolling-effectiveness param
eter C2 with flap span, brought about by progressive removal of the 

5 
outboard end of the flap, decreased slightly as the span decreased . A 
slight increase was noted in the rate of change of C2 with flap chord 

5 
as the chord increased. 

2 . The increment s in lift coefficient caused by flap deflection 
varied linearly with flap deflection throughout the deflection range 
and were approximately additive for adjacent flap-span segments. Lift 
effectiveness varied linearly with flap span; however , an increase in 
the rate of change of effectiveness with flap chord was noted as the 
chord incre~ed . 

3 . Theory predicted qualitatively the trends in control effective 
ness characteristics as influenced by flap deflection, size, and location . 
Calculated effectiveness values were higher than the experimental results 
by 10 to 30 percent for rolling moment and 0 to 30 percent for lift 
and pitching moment, except for flaps having areas located adjacent to 
the fuselage. For such configurations, the calculated effectiveness 
sometimes fell below experiment, probably because theory did not 
consider the increased rate of flow near the fuselage. 

Langley Aeronautical Labor atory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va . 
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TABLE I 

EXPERIMENTAL AND CALCULATED FLAP CHARACTERISTICS OF A 

WING MODEL AT A MACH NUMBER OF 1 . 9 

(a) Rolling -effectiveness parameter , CZ
5 

Cz 5 

Location of inboard cf cf Flap span end of flap - = 0 . 25 - = 0.35 
(per cent b/2) (percent b/2) 

c c 

Exp . Calc . Exp . Calc . 

75 20 0 . 00087 0 .00104 0 .00124 0 .00153 

45 . 00066 .00083 .00104 .00123 

50 
20 . 00048 . 00058 .00070 .00085 

70 . 00042 . 00046 .00056 . 00069 

25 45 . 00029 . 00037 .00044 .00054 

20 . 00018 . 00021 . 00032 .00031 

cf 
- = 0 . 45 c 

Exp . Calc . 

0 .00180 0 .00207 

. 00141 . 00168 

. 00099 .00ll4 

. 00079 . 00094 

. 00062 .00074 

. 00044 .00040 
- --

~ 

• 

f-' 
f\) 

~ 
:t> 

~ 
t:-' 
\.J1 o 
~ 
Q) 



TABLE I 

EXPERIMENTAL AND CALCULATED FLAP CHARACTERISTICS OF A 

WING MODEL AT A MACH NUMBER OF 1 . 9 - Continued 

(b) Lift -effectiveness parameter , CL5 

CL5 

Location of inboard cf cf Flap span 
(per cent b/2) end of flap - = 0 . 25 - = 0.35 

(per cent b/2) c C 

Exp . Calc . Exp . Calc . 

75 20 0 .0063 0 . 0074 0 .ol04 0 .0109 

45 .0040 .0048 .00 64 .0072 

50 
20 .0040 . 0051 . 0064 .0075 

70 .0021 .0023 . 0032 .0034 

25 45 .0021 .0026 .0032 .0038 

20 .0021 .0026 .0032 .0037 

cf 
- :: 0 .45 c 

Exp . Calc . 

0 .0136 0 . 0145 

.0088 . 0098 

.0088 . 0100 

.0046 . 0046 

.0046 .0052 

.0046 .0047 

~ 

~ 
(") 

:t> 

~ 
t-t 
Vl 
o 
d 
CO 

f-' 
W 



TABLE I 

EXPERIMENTAL AND CALCULATED FLAP CHARACTERISTICS OF A 

WING MODEL AT A MACH NUMBER OF 1.9 - Concluded 

(c) Pitching-moment parameter, Cme 

C
me 

Location of inboard cf cf Flap span end of flap - = 0.25 - = 0 . 35 
(percent b/2) (percent b /2 ) c c 

Exp. Calc . Exp. Calc . 

75 20 -0.0025 -0.0028 - 0 . 0031 - 0.0034 

45 -. 0015 -. 0017 -.0019 - .0022 

50 
20 - .0018 -.0020 -. 0025 -.0025 

70 - .0007 -.0008 -. 0008 -.0010 

25 45 - .0009 -.0010 -. 0011 -.0012 

20 -. 0012 -.0011 -.0014 - .0013 

cf 
- = 0.45 c 

Exp . Calc. 

-0.0035 -0.0037 

-.0021 - .0024 

-. 0028 -. 0027 

- . 0008 -.0011 

- .0012 - . 0014 I 

-.0012 - .0013 I 

~ 

f-' 
+" 

~ 
:x> 

~ 
t-' 
\Jl 
o 
;:5 
CP 
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Figure 5. - Rolling-moment characteristics of a sem1span wing with 

25 - percent-chord flaps . R = 2.3 x 106; M = 1.9. 
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