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Summary. Pitching-moment derivatives have been measured, using a free-oscillation technique, for a 
series of thin tapered wings with both streamwise and raked tips. Wings of three aspect ratios (A.R. = 2.74, 
2.00 and 1- 25) were tested with three positions of the pitching axis (h = 0" 4, 0- 5 and 0.6). The Mach number 
ranged from 1.38 to 2.47 and the Reynolds number and frequency parameter were less than 1.6 x 106 and 
0.03 respectively. Tunnel boundary-layer effects were avoided by the use of reflection plates. A smaller test 
programme was also carried out on the effects of a body (non-oscillating) in close proximity to the wing with 
two alternative nose shapes. 

The theory predicted the trends of the derivative variation with Mach number. The numerical agreement 
was much improved when allowances were made in the theory for finite thickness of the wings. The effect 
of the body on the derivatives was very small; the only significant difference found was in the stiffness derivative 
a th  = 0.4. 

1. Introduction. A previous report  1 describes measurements of pi tching-moment  derivatives on 

rectangular wings oscillating in supersonic flow. Th e  present report  describes a similar programme 

of tests on a series of tapered wings differing in aspect ratio and planform. Th e  investigation was 

initiated to provide data on the oscillatory derivatives of the control surfaces of missiles, and the 

basic planform of the models with raked tips was chosen to be representative of a class of control 

fins used on missiles. Later, the fami ly  of wing planform tested was adopted as a subject for a 

systematic s tudy of the various methods of calculating the derivatives, in  the report  the experimental 

values are compared with those Calculated by Lehrian z. Th e  influence of a body (non-oscillating) 

with two alternative nose shapes was also investigated. T h e  tests were carried out in the N.P.L.  

11 in. Supersonic Wind Tunnel .  T h e  measurements were made by the free-oscillation method 

using half-span models mounted  on reflection plates to by-pass the tunnel boundary layer. 

T he  tapered wings (see Fig. 2) had a double-wedge section with a constant thickness/chord ratio 

of 0.05. T h e  basic planform was successively cropped to provide planforms of seven different 

shapes and three different spans. All the planforms were oscillated about the mid-chord axis; in 

addition planforms with streamwise tips oscillated about the h = 0-4 and h = 0.6 axes and those 

with rake d tips were oscillated about either the h = 0 .4  axis or the h = 0.6 axis according to the 

direction of raking. 

e Previously issued as A.R.C. 22,683. Published with the permission of the Director, National Physical 
Laboratory. 



The Reynolds number of the tests ranged from 1.53 x 106 to 1.01 x 106 and the frequency 

parameter was about 0-03. 

2. Basic Formulae. The aerodynamic moment acting on the wing is written 

= MoO + MoO 

and for simple harmonic motion of frequency ~o/27r, / / /  is expressed in terms of its non-dimensional 

in-phase and out-of-phase components as 

J~ = p V2crS(mo + ivmo) 0 
where v = cocr/V. 

The equation of motion of the wing performing free oscillations in pitching moment against a 

spring constraint is then 

Z 0 + (K-M6)O + (~-Mo)O = O. 

On substitution of the solution 

0 = 00et't sin~ot 

and assuming, as was found in the experiments, that /~2_/~o~< c o 2  oJ0~ and /z02~ COoS the 
following expression for M o and M 0 are found 

C r 

- M o  = fo~. ( f - f o ) ( f + f o )  

- M o = 2 I  [ f 3  - f o 3 o ]  

where the suffix 0 denotes quantities measured in vacuo. 

3. Description of Apparatus. 3.1. The Wind Tunnel. The tests were carried out in the N.P.L. 
continuous-flow wind tunnel which had a 12in. by 11 in. working section for the range of 

1.35 < M <  1.7 and a 14in. by 11 in. section for the range 1.7 < M <  2.5. The tunnel 

stagnation pressure could be reduced from one to about one quarter of an atmosphere. Tunnel 

humidity was controlled by introducing dry air both before and during the run, the surplus air 

being extracted by pumps. Following the experience gained in previous tests on the effects of 

humidity, the tests were carried out only when the frost point was - 15°F or less. 

3.2. The Reflection Plates. It was necessary to have separate reflection plates for each of the 

two tunnel Mach number ranges mentioned above. This was not only because of the difference 

in the working-section dimensions but also because of considerations concerning the interference of 
the flow over the wing by disturbances from the leading edges of the plate after reflection from the 

tunnel walls. Due to these limitations, it was not possible to make the plate for the lower Mach 

number range large enough to accommodate a body and even for the higher Mach number range 
the length of the body was necessarily smaller than was desired. Details of the two plates are given 

in Fig. 1. 

3.3. Model Wings and Body. The details of the basic wing planform and of the successive 
changes made by cropping the wing are given in Fig. 2. With streamwise tips, the tapered wings 
had a symmetrical double-wedge section of constant thickness/chord ratio of 0.05 for their entire 



length. The wings with raked tips were formed simply by cutting off the tip at the appropriate 

angle. Thus for wings with streamwise and with raked tips the tip edge was of finite thickness. 

Most tests were carried out with these blunt side edges. One planform (A.R. = 2.0, @ = 30 °) 

was also tested with the tip chamfered to a sharp edge. The chamfering was such that the 5% 

symmetrical double-wedge chordwise section was then maintained over the whole wing (Fig. 3). 

To enable tests to be made about pitching axes of h = 0.4, 0.5 and 0.6, two wing models of 

identical planform and section were made, one had the attachment flange in the centre of the chord 

and on the second model the flange was off-set so that it could be pitched about either h = 0.4 or 
h = 0.6 axis by simply rotating the model through 180 ° about its pitching axis. (Fig. 3.) 

To distinguish between tests with the wing adjacent to the body and the wing alone, the latter 
are referred to as 'plain wings'. The diameter of the half-cylindrical body which was fixed directly 

to the layer reflection plate was 2½ in. Two alternative nose shapes could be fitted to this body, 

one was a 15 ° cone and the other an ogival shape (Fig. 1). Details of the wing planforms tested in 

conjunction with a body are given in Fig. 4. With one exception these tests were restricted to 

planforms with streamwise tips and to pitching axes of h = 0.4 and h -- 0.5. Changes of the: 

pitching axis were made by a shift in the  position of the wing, the axis remaining in a fixed location 

relative to the tunnel, and to the rear part of the body which was common for all the axis positions. 

To maintain the same flow conditions over the wing when the pitching axis was changed, a nose 

piece with a parallel portion of different length was fitted so that the nose of the body remained in 

the same position relative to the wing. 

3.4. Model Mounting. The mounting was the same as used in the previous tests t. The arrange- 

m'ent is shown diagrammatically in Fig. 5 and a'photograph of the mounting is reproduced in Fig. 6. 

The oscillating system was mounted on a rigid bracket fixed to the tunnel wall and consisted 

essentially of a cylinder s,uspended on two cross-spring bearings and a torque bar to provide the 

required stiffness against rotation of the cylinder. A continuous hole through the tunnel wall, 

t h r o u g h  the reflection plate and its support and through the body when used, allowed the wing 

to be attached to the oscillating cylinder by means of a 1 in. diameter steel rod. The gap between 
the rod and the hole was ~ in. but air leakage through this gap was prevented by enclosing the 

mounting in an airtight box. The system was made to oscillate by means of a spring-loaded plunger 

which operated against an arm attached to the rotating cylinder. 

3.5. Measuring and Recording Equipment. The electronic equipment was very similar to that 
used in the previous tests 1. The motion of the wing was recorded by means of a simple condenser 

gauge, the moving vanes of which were attached to the cylinder and the fixed vanes to the framework 
of the surrounding airtight box. This gauge was used in conjunction with the Southern Instruments 
frequency-modulation equipment to produce a d.c. voltage proportional to the angular displacement 
of the wing. This signal was displayed on a cathode-ray oscilloscope and a film record of the 

decaying oscillations was made by photographing the screen with a continuously moving film camera. 
In the previous tests 1 the frequency of the oscillation was measured by displaying 0.01 sec time 
pulses on the second beam of the oscilloscope. This facility was retained for the present tests but it 

was found more accurate and convenient to measure the frequency by means of a photo-electric 

pick-up and an electronic frequency meter which counted the number of 0. 001 sec pulses, derived 

from the N.P.L. Standard-frequency supply, occurring in a pre-set number of model oscillations. 
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4. Me thod  of  Test. Film records of the decaying oscillations of the wing in supersonic flow of 

Mach numbers 1.38 to 2.47 were obtained, and these were analysed in a specially designed optical 

viewer on which the peak-to-peak amplitude of individual cycles couldbe measured. Theseamplitudes 

were then plotted against cycle number on logarithmic graph paper and the logarithmic decrements 

for various amplitudes were determined from the slope of the graph. The Frequencies of the oscilla- 

tions were measured on the electronic frequency meter. By means of a cylindrical container which 

could be placed over but not touching the wing and which sealed itself against the reflection plate, 

it was possible to evacuate the whole of the space surrounding the oscillating system to an absolute 

pressure of just under 1 in. of mercury. The values of the apparatus damping and the in vacuo 

moment of inertia were then determined by free-oscillation tests. A similar cylindrical container 

with semi-circular cut-outs on the sides, permitted the same tests to be made for the wing-body 

combinations. However, due to the sealing difficulties between the body and the container it was 

only possible to achieve a pressure of 1.75 in. of mercury. 

5. Results. As in the previous tests 1 the values of the damping derivative - rn 0 were found to be 
dependent on the amplitude 0 whereas there was very little variation with amplitude in the value of 
the stiffness derivative - mo. For some of the tests the value of - m 0 remained constant for a 
considerable part of the amplitude range i for others the value was found to vary approximately 
linearly with amplitude. For all tests the result quoted is the mean value for the whole amplitude 
range (0.006 < 0 < 0.03 approximately). It was noted that for those tests in which the value of 

- rn o remained constant for a range of amplitude, the mean value differed little from the constant 
value. 

The values of - m o and - m~ for plain wings are given in Tables 1 to 5 inclusive and those for 
wing-body combinations in Tables 6, 7 and 8. The results for plain wings are plotted against Mach 

number in Figs. 7 to 20 inclusive, together with the values calculated for a 'flat plate' wing by 

linearised theory 2 and also with these values modified by a theoretical allowance for the effect 

of the finite thickness of the wing. Interpolated results for M = 1-4 and M = 2.4 for planforms 

with streamwise tips are plotted against aspect ratio in Figs. 21 and 22 and for planforms with 

raked tips interpolated results for M = 1.4 are plotted against ¢, the angle of tip cut-off, in 

Figs. 23 and 24. The results for wings with streamwise tips in combination with the body and the 

15 ° conical nose are plotted against Mach number in Figs. 23 and'24, together with the corresponding 

experimental and theoretical values for the plain wing. The effect of nose shape is shown 'in Figs. 27 

and 28 where the results for wings with streamwise tips in combination with the body are given, 

the body being fitted with either the 15 ° conical nose or the ogival nose. A similar comparison made 

for a wing with raked tip is given in Fig. 29. 

6. Discussion of  Results. 6.1. Plain Wings. In comparison with the values calculated for 
'flat plate' wings by linearised theory 2 the experimental values of the stiffness derivative - too, 

were always more negative by an average of 0.055 at M = 1.4 and 0-040 at M = 2.4. When the 
thickness corrections were applied, these average differences were reduced to 0" 025 at M = 1 .4  and 

0. 020 at M = 2.4. In the few cases where the flat-plate theory gave values in very close agreement 
with the  experimental values, the comparison with the thickness-corrected theory was not so good. 

The agreement between experimental and calculated values was usually better for the damping 

than for the stiffness derivative. The measured values of the damping derivative were more positive 

/ 



than those calculated by flat-plate theory, the difference being about 0. 035 at M = 1.4 and 0-004 
at M = 2.4. Incorporation of the thickness corrections to the calculated values was again beneficial 
and reduced the average differences to 0.020 at M = 1.4 and 0.003' at M = 2.4. The small 
discrepancies which remain between the experimental and theoretical values might be attributed 
to some of  the following factors. 

(a) Model flexibility. The A.R. 2.74 wing was not stiff enough to prevent flexing due to the 
aerodynamic forces. This was made evident by small displacements of the pitching axis observed 
at the tip. However, the small-aspect ratio-wings were much stiffer and with the A.R: 1.25 wing 

/ 

there was no evidence of any flexing. It was not considered worth-while attempting to apply 
corrections for the effect of model flexibility. Accurate corrections would have been difficult to 
calculate and from the results for the A.R. 2.74 and A.R. 1.25 wings (Figs. 7, 8, 11 and 12) it 

would appear that the discrepancies between theory and experiment were not significantly worse 

for the higher-aspect-ratio wing. The large discrepancy at M = 1-4 and h = 0.6 found for the 

A.R. 2.74 wing is similar to that found previously on the two-dimensional double-wedge aerofoiP 

and was attributed to effects of bow-wave detachment and viscosity. 

(b) Viscosity effects. The theory is based on potential-flow considerations and makes no allowance 
for viscosity effects which may cause boundary layers and flow separations. The boundary layer 

permits pressure fluctuations from behind the trailing-edge shocks to travel upstream and thus 

modify the pressure distributions. The variation of - m 0 with amplitude is also attributed to these 
effects. 

(c) Tip effect. Tile theory does notallow for any change in the direction of the flow over the tip. 
As the aspect ratio decreases the effect of the tip would be expected to become progressively more 

important. However, there is no significant difference in the agreement between the theoretical and 
the experimental values for either the low- or high-aspect-ratio wings (Figs. 7, 8, 11 and 12). 
It would be expected that wings with raked tips would show more influence of the tip than those 
with streamwise tips. This was not found to be so for the stiffness derivative (Fig. 23). The damping 
derivative shows a small variation with ¢, but this is not consistent for all aspect ratios (Fig. 24). 

(d) Blunt side edges. The theory is not valid for wings with the blunt edges leading; the 
experimental results for this case are therefore compared with the theoretical values for wings with 
sharp leading side edges. The theory could be used for wings with blunt trailing edges but the 
difference in the theoretical values for blunt and sharp trailing edges proved to be negligible for all 
planforms tested. In the experimental tests in which results for wings with blunt and sharp side 

edges were compared (Figs. 17 and 18), very little difference in the values of the derivatives was 
found when the side edge was leading (Fig. 17). With the side edges trailing the wing with blunt 
edges gave better agreement with theory than that with a sharp edge (Fig. 18). 

6.2. Wing-body combinations. In Figs. 25 and 26 the stiffness and damping derivatives for Wings 

adjacent to a cylindrical body are compared with the corresponding plain-wing measured values 

and also the values calculated by thickness-corrected theory for plain wings. The body made no 

measurable difference with axis at h = 0.5 but with h = 0.4 the values of the stiffness derivative 
are consistently more negative than those for the plain wing. Change of nose shape from the 15 ° cone 
to an ogival shape (Figs. 27, 28 and 29) produced no significant changes in the measured derivative 
values. For the one planform with a raked tip tested (A.R. = 2.74 and ~b = 30 °, see Fig. 29) it 



was found that there was no significant difference in the value of stiffness derivative from the 

corresponding case with a streamwise tip, but there was a small difference in the value of the damping 

derivative at the lowest Mach number. A similar difference in - m o was found with the plain wings. 

7. Comlus ions .  

(a) The flat-plate linearised theory predicted the trends of the variation of derivatives with 

Mach number but the numerical values, especially for the stiffness derivatives, were not in 

close agreement. 

(b) In most cases the application of thickness corrections to the calculated values resulted in 

much better agreement with the experimental values. The experimental and calculated 

values for the damping derivatives were in very good agreement. 

(c) The effect on the derivatives of a cylindrical body in close proximity to the wing was very 

small." 
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NOTATION 

Mach number 

Wind speed 

Air density 

Wing chord 

Root chord (for wing-body combinations, the chord adjacent to the body surface) 

Total area of half wing excluding projection into body 

Wing semi-span. For the present purpose this is taken to be the distance between 
the inboard and outboard edges of the half-wing model used, and does not 
include the body radius 

2s/cr, aspect ratio 

Angle of tip cut-off, denoted positive when tip edge is leading and negative 
when trailing 

Distance between the axis of rotation and the leading edge of the wing at the 
root divided by the root chord 

Moment of inertia of the oscillating system 

Elastic-stiffness coefficient of the oscillating system 

Apparatus damping coefficient 

Aerodynamic-stiffness derivative 

- Mo/pV2c, S, non-dimensional form of - M o 

Aerodynamic-damping derivative 

- M~/pVc~S, non-dimensional form of - M~ 

Frequency of oscillation 

2~f, angular frequency 

oJc,/V, frequency parameter 

Logarithmic decrement of the oscillations (naturallogarithm Of the ratio of the 
amplitude of successive cycles of oscillation) 

Angular displacement in pitching motion (radians) 

Suffix 0 applied to quantities f, ~o, 8, denotes the values assumed by these 
quantities for tests in vacuo 
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T A B L E  1 

Measured Values of  the Derivatives - m o and - m 0 for  Plain Tapered Wings o f  

Symmetr ica l  5 °/o Double-Wedge Section with B h m t  Streamwise Tips 

A.R.  = 2.74 

• h = 0 . 4  h =  0 . 5  h =  0.6 

M 

- -  I ~ 0  - -  I n  0 - -  I"tZ 0 - -  m 0 

1.38 
1.58 
1.75 
1.97 
2.16 
2.44 

- m  0 - m  6 

0.099 - 0- 024 
0.092 +0-017  
0.068 + 0- 021 
0.061 +0-039  
0.049 + 0.033 
0.037 +0 .031  

- 0 . 1 0 8  
- 0.070 
- 0 . 0 6 1  
- 0 . 0 5 4  
- 0.054 
- 0 . 0 3 7  

O. 068 
O. 047 
O. 043 
O- 047 
O- 043 
O- 038 

-- 0- 292 
--0-210 
--0-182 
--0-152 
--0"139 
--0-132 

0.254 
0.127 
0" 093 
0" 085 
0.064 
0.059 

A.R.  = 2. O0 

h = 0 . 4  h = 0 . 5  h = 0 . 6  

M 

- -  lrt o - -  m 6 

1.38 
1-58 
1-75 
1- 97 
2.16 
2.47 

- m o - m 6 

O. 047 O. 023 
O" 080 O' 050 
O. 043 O" 047 
O. 044 O' 040 
0. 035 0. 042 
0.030 0. 044 

- m o - m 0 

- 0 . 1 1 9  0.095 
- 0- 067 0. 047 
- 0 - 0 6 0  0.055 
- 0 - 0 5 9  0.056 
- 0-055 O. 045 
- O- 045 O. 045 

- 0. 286 
- 0 . 2 0 2  
- 0 . 1 7 6  
- 0 . 1 5 9  
- 0 . 1 2 7  
- 0 .  126 

0-160 
0-111 
0-111 
0. 082 
0. 083 
0. 082 

A.R.  = 1.25 

h = 0 " 4  h = 0 " 5  h = 0 " 6  

M 

--mo --mo 

1.38 
1.58 
1-75 
1.97 
2.16 
2.47 

- -m o --m 6 

-- 0.047 0-160 
+ 0.012 0- 103 
-- 0.001 0- 073 
+0 .011  0-069 
+0 .006  0-058 
+ 0 . 0 1 4  0-051 

- m  o - m  6 

- 0 . 1 5 8  0.215 
- O. 106 O. 107 
- O. 095 O. 076 
- O. 084 O. 066 

- O. 064 O. 063 

- 0 . 2 7 7  
- 0 . 2 1 6  
- 0 - 1 8 5  
- 0 . 1 6 5  

- 0 - 1 4 7  
- 0 . 1 3 4  

0.275 
0.160 
0.109 
0.095 
0.087 
0" 065 



T A B L E  2 

Measured Vahtes of the Derivatives - m o and - m 0 for Plain Tapered Wings of 

Symmetrical 5% Double-Wedge Section with Leading Side Edges (~b = + 30 °) 

(a) blunt  side edges 

A.R. = 2.74, ~b = + 30 ° 

h =  0 - ' 5  h = 0 . 6  

M 

1-38 
1 "58 
1"75 
1"97 
2"16 
2 '47  

- -  m o - -  ~n 0 

- 0 . 1 0 1  0.050 
- O. 055 O. 041 
- 0.060 O. 048 
- 0 . 0 5 1  0.041 
- 0 . 0 5 9  O.O44 
- O- 049 O. 035 

- -  m o - -  m 0 

- 0 . 2 2 3  0.216 
- 0 . 1 9 9  0.111 
- 0 . 1 7 8  0.081 
- 0 . 1 5 8  0.081 
- O. 140 O. 072 
- 0 . 1 2 7  0.061 

(b) blunt  side edges 

A . R . = 2 . 0 ,  ~b= + 30 ° 

M 

1138 
1.58 
1.75 
1.97 
2-16 
2.47 

h = 0 . 5  

- - m  0 

- 0 . 0 8 5  
- 0 . 0 5 2  
- 0 . 0 5 4  
- 0 . 0 4 7  
- O. 040 
- 0 . 0 3 7  

- -  m 0 

0.112 
0" 076 
0. 059 
0- 049 
0- 043 
0.052 

h = 0 . 6  

- -  m 0 

- 0 . 2 1 8  
- 0 . 1 9 3  

- 0. 142 
- 0 .  145 
- 0 . 1 3 1  
- 0 . 1 1 7  

- - m  O 

0.159 
0. 121 
0. 107 
0. 083 
0. 067 
0- 067 

(c) sharp side edges 

A . R .  = 2 . 0 ,  = + 3 0  ° 

h = 0.5 h = 0.6 

M 

- -  m 0 - -  m O - -  m 0 - -  m 6 

1.38 
1.58 
1-75 
1-97 
2.16 
2.47 

- 0.092 
- 0.049 
- 0.048 
- 0.046 
- 0.042 
- 0 . 0 3 8  

0.086 
0- 071 
0- 049 
0.047 
0.046 
0.048 

- 0.247 
- 0 . 1 8 7  
- 0 .  164 
- 0 . 1 4 7  
- 0 . 1 3 2  
- 0 . 1 1 7  

0.128 
0.114 
0.099 
0- 076  
0- 070 
0.063 

t0  



T A B L E  3 

Measured Values of the Derivatives - m o and - m o for Plain Tapered Wings of 

Symmetrical 5 %  Double-Wedge Section with Trailing Side Edges (~b = - 3 0  °) 

(a) blunt side edges 

A.R. = 2.74, ~b = - 30 ° 

h = 0 .4  h = 0.5 
M ,, 

- -  m 0 - -  m ~  

1"38 
1"58 
t "  75 
1"97 
2"16 
2"47 

- -  m o - -  m O 

O. 105 O. 008 
O. 099 O. 040 
O. 059 O. 045 
O. 056 O. 043 
O. 048 O. 043 
O. 034 O- 042 

- 0 . 1 0 7  
- 0. 063 
- 0.062 
- 0 . 0 5 5  
- 0. 048 
- 0 . 0 5 0  

0. 077 
0. 061 
0. 053 
0. 043 
0.051 
0. 047 

(b) blunt side edges 

A . R .  = 2 . 0 ,  = - 3 0  ° 

h = 0 .4  h = 0-5 
M 

1.38 
1.58 
1.75 
1-97 
2-16 
2.47 

- m o - m 6 

0. 035 0" 015 
0.065 0. 027 
0. 044 0. 037 
0'  041 0. 047 
0"033 O" 046 
0.030 0. 043 

- m O - m o  

- 0 . 1 5 1  0.094 
- 0" 092 0.062 
- 0. 079 0.055 
- 0. 074 0" 050 
- 0" 067 0. 052 
- 0 . 0 5 5  0 '049 

(c) sharp side edges 

A . R .  = 2 . 0 ,  = - 3 0  ° 

h - -  0 .4  h = 0.5 
M 

1"38 
1"58 
1"75 
1"97 
2"16 
2.47 

- -  m 0 - -  m 0 

0-016 0.051 
0. 060 0. 048 
O. 025 O. 045 
O. O27 O. O45 
0.017 0.044 
0.019 0.040 

- - m  0 - - m  0 

- -0 .  161 0"083 
-- 0-086 0. 062 
--0-088 0.061 
-- 0.079 0" 054 
-- 0. 072 0.055 
- -  0.064 0. 044 



T A B L E  4 

Measured  Values o f  the Derivat ives  - m o and - m o fo r  P l a i n  Wings o f  

S y m m e t r i c a l  5 %  Double-Wedge Section, A . R .  = 1 . 2 5  and ~b = + 15 ° 

(a) wi th  b lun t  trail ing side edges 

A.R.  = 1.25, ~/~ = - 15 ° 

h = 0 . 4  h = 0 .5  

M 

1-38 
1-58 
1 . 7 5  

1.97 
2 .16  
2 .47  

- m o - m O 

- 0 . 0 4 1  0-119 
- 0. 006 0. 091 
- 0 . 0 1 6  0"058 
- 0. 006 0. 057 
- 0. 003 0. 045 
- 0. 007 0. 046 

- m  o - m  0 

- 0 .  i 7 5  0 . 1 5 5  

- 0 . 1 2 4  0 .107 
- 0 . 1 0 7  0-100 
- 0 .102  0- 076 
- 0. 085 0- 049 
- 0.075 0. 060 

(b) wi th  b lunt  leading side edges 

A.R.  = 1.25, ~b = + 15 ° 

h = 0 - 5  h = 0 - 6  

M 
I 

1 . 3 8  

1.58 
1.75 
1.97 
2 .16  
2 .47  

- 0 . 0 7 4  
- O. 062 
- O. 049 
- 0 - 0 5 0  
- 0 - 0 4 8  
- O. 040 

O. 095 
O. 074 
O. 057 
O. 054 
O. 071 
O. 064 

-0.200 
- 0 . 1 7 6  
- 0 . 1 4 7  
- 0 . 1 3 9  
- 0 . 1 2 2  
- O- 106 

0 .219 
O- 140 
0.091 
0 .110 
O. 070 
O. 064 

2 



T A B L E  5 

Measured Values of the Derivatives - m o and - m 0 for Plain Tapered Wings of 

Symmetrical 5% Double-Wedge Section, A . R .  = 2 . 7 4  and ~b = + 45 ° 

(a) with blunt trailing side edges 

A.R. = 2-74, ~b = - 45 ° 

h = 0.4 h = 0.5 

M 

- - m  o - - m  6 

1:38 
1 . 5 8  

1 . 7 5  

1.97 
2.16 
2 . ~  

- -  m o - -  m 0 

O. 075 - 0.023 
O- 097 + O. 028 
0-064 +0 .031  
O. 045 + O. 032 
O. 043 + O. 032 
O. 042 + O. 039 

- O. 105 
- 0 . 0 6 9  
- O- 066 
- 0 - 0 5 5  
- 0 . 0 5 1  
- O. 043 

O- 067 
0.051 
O. 042 
O. 042 
O. 041 
O. 041 

(b) with blunt leading side edges 

A . R . = 2 . 7 4 , ~ =  + 4 5  ° 

h = 0.5 h = 0.6 

M 

- -  m o - -  m 6 

1 . 3 8  

1.58 
1.75 
1.97 
2-16 
2.47 

- -  m o - -  m O 

- 0-089 O. 038 
- O. 050 O. 055 
- O. 055 O. 042 
- O. 050 O. 044 

O. 045 O- 039 
- 0 . 0 3 8  0.039 

- 0 - 2 8 2  
- 0 . 2 3 7  
- 0 . 1 7 1  
- 0 . 1 5 6  
- 0 . 1 3 8  
- 0 .  125 

O. 194 
O. 121 
O. 095 
O. 084 
O- 072 
0-059 

13 
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T A B L E  6 

Measured Values of the Derivatives - m o and - m O for Tapered Wings of 

Symmetrical 5% Double-Wedge Section with Bhmt  Streamwise Tips, and adjacent 

to a Cylindrical Body with a 15 ° Conical Nose 

A.R. = 2 . 7 4  

h = 0"4  h = 0"5 

M 

1 "75 
1 ' 97  
2 . 1 6  
2 ' 4 4  

- -  m o - -  m 0  

O" 051 O. 030 
O. 042 O" 036 
0 . 0 3 8  0 . 0 2 9  
O' 023 O. 040 

- - m  o - - m  O 

- 0- 056 0 . 0 4 0  
- 0 . 0 5 5  0 . 0 3 8  
- 0. 049 ' 0 .041  
- 0. 049 0. 048 

A.R. --  2 . 0  

h = 0 . 4  h = 0 . 5  

M 

- -  m o - -  m O 

1 . 7 5  

1 .97  
2 -16  
2 -47  

- -  m o - -  m d 

0. 027 0- 047 
0. 028 0. 058 
0. 020 0. 037 
0 . 0 1 8  0 . 0 5 4  

- O. 072 
- 0 ' 0 5 9  
- 0 . 0 5 7  
- - 0 . 0 5 0  

O- 074 
O. 048 
O. 044 
O. 046 

A.R. = 1 .25  

h = 0 - 4  h = 0 .5  

M 

1- 75 
1 .97  
2 . 1 6  
2 . 4 7  

- -  m o - -  r n  d 

- - 0 . 0 1 1  0 . 0 9 0  
+ 0- O03 0. 059 
-- 0- 003 0. 063 
+ 0 . 0 0 8  0 . 0 4 9  

- -  ~ n  o - -  m b 

- 0. O89 0 . 0 8 4  
- 0 - 0 8 0  0 . 0 6 8  
- 0- 070 0 .051  
- 0- 060 0 .051  

14 



T A B L E  7 

Measured Vahws of the Derivatives - m o and - m o  for Tapered Wings of 
Symmetrical 5 % Double-Wedge Section with Blunt Streamwise Tips and adjacent 

to a Cylindrical Body with an Ogival Nose 

A.R. = 2 . 7 4  

h = 0 . 4  h = 0 . 5  

M 

1 . 7 5  

1 . 9 7  

2 . 1 6  
2 . 4 4  

0 .051  0 . 0 3 4  
0- 043 0 . 0 3 6  
0- 036 0 . 0 2 8  
0 . 0 2 4  0 . 0 3 9  

- -  m o - -  m 3 

- O. 057 O. 049 
- O. 053 O. 050 
- O. 049 O- 041 
- O. 046 O. 043 

A.R. = 2 . 0  

h = 0 - 4  h = 0 . 5  

M 

1 - 7 5  

1 . 9 7  
2 . 1 6  
2 . 4 7  

- -  m o - -  m 0 

0 . 0 2 8  0- 046 
0 . 0 2 6  0 . 0 4 8  
0 .021  0- 038 
0 . 0 2 0  0 .053  

- -  m o - -  m 6 

- 0 .065  0 .061  
- 0 .061  0 . 0 4 4  
- 0 . 0 5 6  0 . 0 4 3  
- 0 . 0 4 8  0 . 0 6 0  

A.R. = 1 .25  

h = 0 . 4  h = 0 . 5  

M 

1 . 7 5  

1 .97  
2 . 1 6  
2 -47  

- -  i n  o - -  m 6 

- 0 - 0 1 4  O. 082 
+ O. 004 O. 059 
- 0 . 0 0 3  . 0 .051  
+ 0. O06 0. 051 

m m o  _ ~n 0 

- O. 083 O. 079 
-- O- 067 O" 069 
-- O. 070 O. 065 
- O. 058 O. 048 

15 



T A B L E  8 

Measured Vahtes of the Derivatives - m o and - m 0 for Tapered Wings of 

Symmetrical 5% Double-Wedge Section, A . R .  = 2.74- and ~b = - 30 °, and adjacent to 

a Cylindrical Body f i t ted with either a 15 ° Cone or an Ogival Shape Nose 

(a) with b l u n t  trail ing side edges adjacent to a cylindrical body 

with a 15 ° conical nose 

A.R. = 2 .74,  ~b = - 30 ° 

h = 0 . 4  h = 0 .5  

M 

- m  o - m  O 

1 "75 
1 "97 
2-16 
2"47 

- m o  - - m O  

0"050 0"046 
0"036 0-039 
0 '037  0-037 
0"027 0"037 

- 0 . 0 6 3  
- 0 . 0 5 9  
- 0 . 0 5 1  
- 0 . 0 4 9  

0.057 
0 .046 
0.041 
0-037 

(b) with b l u n t  trai l ing side edges adjacent to a cylindrical body 

wi th  an ogival nose 

A.R. = 2.74,  ~ = - 30" 

h = 0 . 4  h = ' 0 - 5  

M 

- -  m o - -  m 6 - -  m o - -  m 6 

1 '75 
1 "97 
2"16 
2"47 

0.048 
0-042 
0-048 
0-027 

0 .067 
0 .047 
0.036 
0.031 

- 0 . 0 6 2  
- 0 . 0 6 0  

- 0 - 0 4 9  
- 0 . 0 4 3  

O. 055 
O. 054 
O. 042 
O. 041 

16 
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I" 8'/4' q-  6 '/4" . 

FIG. la. Reflection plate for Mach number 
1.35 < M < 1.7 used with plain wings only. 

| . . . . . . . .  .9 

; \  ,,'/e i= + '/¢' J - -  

IZ t/4* I ,  6 I/4"/ - 

Fro. lb. Reflection plate for Mach number 
1- 75 < M < 2- 5 used with plain wings and with 

wing-body combinations. 

I 

Or= . 

• - ~ ~ = 1 5 '  ~ 3 0 *  " ~ 4 5  ° ~ 3 0  ° 

1 I 
I -  2-si,,. +!+ , - S i . . . I , . 4 8 i n .  

t 
- -  = 0 " :OS  
C 

S C r A . R .  
2Q M o d • I ~ <t 2 ft  C"~ 

0 ° 0"193 0"333 2,74 

+30 ° 0-187 0.333 2.74 

+45 ° 0'182 0.333 ,2.74 

0 ° 0,163 0.333 2.00 

±30 o 0-146 0.353 2.00 

[ ~  0 ° 0 ,116  0-333 1,25 

+IS ° O.lOI 0.333 I 25 

FIG. 2. Details of plain wings 
tested. 



FIO. 3a. Model wing A.R. = 2.0, ~b -- 30 °, with blunt side 
edge and attachment flange for pitching about the h = 0.5 axis. 

Fro. 3b. Model wing A.R. = 2. O, ~ = 30 ° with sharp side 
edge and attachment flange for pitching about the h = 0 .4  or 

h = 0 .6  axis. 

18 



Cy l i nd r i ca l  
i- body 

f 

C r = 4  in. 

o, t I I 

- -  ~ ! ~ I I 

s 

1" I'2S in:.l 

W i n g - b o d y  
comb ino t l on  

S Cr A . R .  
tt  z f t  2 s  

Cr 

0 ° 0 '193  O 15 5 3 2,74 

0 ° !0 ,163 0-333 Z,00 

0 = 0"116 0 '333  I ' Z 5  

30 ° 0 '187  0"333 Z-74 

Fie. 4. Details of wing-body combina- 
tion tested. 
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Wind 

C y l i n d r i c a l  body wi th / / /  ~!_~ 

conlca~ nose ~ . .  ~ - ~  I I I  Ii Re f l ec t i on  
p lo te  

C.~oss-spr ing  blzor ings ~ 

Condenser  
gauge 

Torque 

Fro. 5. General arrangement of model and spring bearing 
(plan view). 



J 

FIG. 6. Photograph of model mounting and reflection plate. 
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Fie.  7. Dependence of - m o on M for plain tapered 
wings-of A . R .  = 2"74 with blunt  streamwise tips. 
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FIG. 8. Dependence of -- m o on M for plain tapered 
wings of A . R .  = 2.74 with b lunt  streamwise tips. 
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Fie. 10. Dependence of - m6 on M for plain tapered 
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FIG. 11. Dependence of -- m o on M f o r  plain tapered 
wings of A . R .  = 1" 25 with blunt spanwise tips. 
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Dependence o f  -- m o and - m 0 on M for  

plain tapered wings of A . R .  = 1.25 with blunt 
leading side edges (¢ = + 15°). 
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FIG. 14. Dependence of - m o and - mo on M for 
plain tapered wings of A . R .  = 1.25 with blunt 

trailing side edges (¢ = --" 15°). 
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