
NASA TECHNICAL 
MEMORANWM 

NASA TM X-62,207 

( 5 AS A- Ttt- X- 6 22 07 BN E XP ER I HENT A L x INVESTIGATION OP AN OBLIQUE-WING A Y E  BODY E C O ? 4 S X N A T I O N  AT HACH NUPIBERS BETWEEN 0.60 * A N D  1.40 (NASA) 371 P HC S 2 0 . 3 5  Unclas  
cn 
2 

N73-3L927 (d 

CSCL 0 1 A  G3/01 19878 a 

A N  EXPERlMENTAL INVESTIGATION OF AN OBLiQUE-WING wi&&&;>~, 
COMBINATION AT MACH NUMBERS BETWEEN 0.60 AND I .w 

' ,#- 4 

.. . 
hwrence A.  Graham Robert T. Jones and Frederick W. Boltz ; !:.-- 

\('.... r 
? 

M 
Ames Research ('enter \ *. 
Moffett Field. California 94035 

December 1972 

https://ntrs.nasa.gov/search.jsp?R=19730024194 2020-03-23T00:37:47+00:00Z



Page 

S i Y  ............................................................... 1 

mowcTION .......................................................... 1 
N-CTA'IURE .......................................................... -3 

TEST FACLLITY ......................................................... 4 

MODEL DESCRIPTION ..................................................... 5 

'I?!STING AND €'ROC= ................................................. 
REXJL!lS AN3 DISCUSSION ................................................ 
FLEEmENcEs ............................................................ 
!rA.mEs 

1 . MODEL G m Y  ................................................ 
2 . WING DIMENS:dYAL DATA ......................................... 
3 . MODEL BODY 3ATA ............................................... 
4 . !ESI! COlDI?UXIS ............................................... 
5 . RPDEI: OF DA'V . FIGURES ......................................... 

7 

8 

10 

15 

18 

.PI GURES 

1 . m s  Smfm .................................................. 13 

2 . OBLIQJE-VIW/BODY MODEL DFPAIIS AND PHO~WIRAPH ................ 20 
3 . DATA .......................................................... 27 





AN EXPERIMEHIIAL INVISTIGATION OF AN OBLIQUE-WING AND BODY 

CU4BINA'lTON AT MACH NUMBERS €%Th@XN 0.60 AND 1.40 

By Lawrence A. Graham, Robert T. Jones and Frederick Fr. Boltz  

Ames Research Center 

SUMMARY 

An experhen+& inves t iga t ion  was conducted i n  the  Ames 11-by 11-Foot 
Wind Tunnel t o  cietermine the  serodynamic cha rac t e r i s t i c s  of an oblique 
high aspect r a t i o  wing i n  combination with a high f ineness-rat io  Sears- 
Haack body. 
ta ined a t  wing yaw angles from 0 t o  60' over a test Mach number range from 
0.6 t o  i.k for angles of a t tack  between -6' and 9'. 
i n  Rey~01.d~ number, dihedral, and t ra i l ing-edge angle were studied along 
with the  e f f e c t s  of a roughness s t r i p  on the  upper and lower surfaces of 
the wing. 
the flow on the  wing surfaces. 

Longitudinal and l a t e ra l -d i r ec t iona l  s t a b i l i t y  data were ob- 

Ihe e f f e c t s  of changes 

Flow-visualization s tudies  v i e  msde t o  determine the  nature of 

With f ixed  or  natur;l boundary-layer t r ans i t i on  on the  wing-body coin- 
binat ion exceptionally high values of maximum l i f t - d r a g  r a t i o  vere obtained 
a t  a l l  Mach numbers tes ted  by employing the  proper amount of wing yaw. A t  
a Mach number of 0.98 with the  wing a t  45" t he  maximum l i f t - d r a g  r a t i o  was 
20 t o  1; a t  a Mach number of 1.4 with the  wing a t  60' t he  maximum lift- 
drag r a t i o  was approximatzly ll t o  1. These values a re  s ign i f i can t ly  high- 
e r  than those previously obtained with b i l a t e r a l l y  synanetric swept or  d e l t a  
wings. 

IN'J!ROIXICTION 

As i s  well known, the  most e f f i c i e n t  form f o r  l a w  speed f l i g h t  i s  a 
s t rb igh t  uswept  wing of high aspect ra t io .  
wing when s e t  a t  varying oblique angles t o  the  f l i g h t  d i rec t ion  should a l s o  
provide maximum aerodynamic e f f ic iency  a t  t ransonic  and low supersonic 
speeds. l h i e  prediction has recent ly  been t e s t ed  i n  the NASA-Ames Research 
Center 11-by 11-Foot Transonic Wind Tunnel and preliminary r e s u l t s  a re  
presented i n  the  following report without analysis. 

According t o  theory the  same 

Theory ind ica tes  that i n  order t o  achieve maximum ef f ic iency  the  
oblique angle of t he  wjng must be varied w i t h  the  Mach number i n  such a 
way that the component of veloci ty  normal t o  the  long a x i s  of the  wing 
r e m i n s  subsonic and below the  c r i t i c a l  Mach number of t he  sections. The 



sections taken i n  planeE perpendicular t o  the long e x i s  of the wing thus 
have a "subsonic" shape k i t h  a rounded leading edge and camber t o  produce 
a high lift coefficient a t  a high c r i t i c a l  Mach number. The wings of the 
models tes ted had a lesding edge r s d i u s  of 2$, maximum camber of 3$ and the 
thickness-chord r a t i o  of lo$. 
ure 2 )  with an axis r a t i o  of 10 t o  1, corresponding t o  an unswept aspect 
r a t i o  of 12.7. 

The planform was quas i - e l l i p t i ca l  (see f i g -  

Calculations a l s o  indicate  t h a t  t he  loading tends t o  shift toward t h e  

To compensate f o r  this e f f e c t  the model wings were constructed with 
downstream t i p  a s  the wing i s  pivcted r e l a t i v e  t o  the  body longitudinal 
axis. 
a cer ta in  amount of upward curvature i n  the unyawed position. 
"curvilinear dihedral" has an aerodynamic e f f e c t  similar t o  that of twist 
when the wing i s  yawed. The e f f e c t  i s  i o  increase the  angle of a t t ack  of 
tine forward t i p  ana reduce the angie of t i e  rearward t i p .  

Such a 

The axis system ar?d sign convention a r e  shown i n  figure 1. Lift and 
drsg are presented i n  the s t ab i l i t y -ax i s  coordinate system and a l l  other 
forces and moments are presented i n  the body-axis coordinate system. Be- 
cause the data were computer plot ted the corresponding p lo t  symbol, where 
used, i s  given together with the conventional symbol 

Symbol 

b 

c 

'root 

CD 

ce 
CL 

%I 

cn 
w 

Plo t  
Symbol 

CD 

CBL 

CL 

CIM 

CYN 

CY 

De f i n i  t i 0% 

wing PpBE 

wing nhcxd 

wing root-chord 

drag coeff ic ient ,  iirag/qS 

rolling-moment coeff ic ient ,  r o l l i n g  mment/qSb 

l i f t  coeff ic ient ,  l i f t / q S  

pitchiqg-moment coefficient, pitching moment/qS~,ot 

yawing-moment coefficient,  yawing moment/qSb 

side-force coefficient,  side force/qS 
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H 

H' 

L 

Y -In 

2-up 

2-LO 

2 

u 

B 

JTE 

maximum v e r t i c a l  distance from wing reference 
plane t o  wing base l i n e  a t  0 . 4 ~  fo r  Wl 

maximum v e r t i c a l  distance f'rom wing reference 
plane t o  wing base l i n e  a t  0 . 4 ~  f o r  W, - 
longitudinal distance along the  body from body 
maximum diameter 

L/D l i f t - d r a g  r a t i o  

MACH free-stream Mach number 

free-stream dynamic pressure 

u n i t  Reynolds number, mil l icn per foot RN/L 

wing area 

wing thickness 

body width 

longitudinal distance 

maximum distance from wing base l i n e  t o  wing 
upper surface measured per 2ndicular t o  the wing 
base l i n e  

maximum distance f'rom wing base l i n e  t o  wing 
lower surface measured perpendicular t o  the wing 
base l i n e  

v e r t i c a l  distance from wing chord t o  wing upper 
surface 

v e r t i c a l  distance from wing chord t o  wing lower 
surface 

Cartesian coordinate 

ALPHA angle of a t t ack  

BETA angle of s i d e s l i p  

t r a i l i n g  edge segment def lect ion 
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m a x  

5 

10 

LAMBDA angle betw ?n a perpendicular t o  the body longi- 
t ud ina l  ax i s  and t he  0.25 chord l i n e  of the wing 
measured i n  a horizontal  plane 

angle between v e r t i c s l  plane and the intersect ion 
of the c i r cu la r  portion of the body with the rec-  
tangular portion of the body 

Subs c r i p t  s 

m a x i m u m  va lue  

denotes ox i g i n a l  wing dihedral 

denotes reshaped ving dihedral 

zero t r a i l i n g  edge def lect ion 

5 degree downward t r a i l i n g  edge def lect ion 
measured reletive t o  zero t r a i l i n g  edge dcflention 

10 degree downward t r a i l i n g  edge def lect ion 

Configuration Code 

W wing 

F t r a i l i n g  edge segment 

B body 

TEST FACILITY 

The t e s t s  were conducted i n  the Ames 11-by 11-Foot Transonic Win6 
Tunnel which i s  a variable density, closed return,  continuous flow type. 
This tunnel has an adjustable nozz,le (two flexible wal ls )  and a s l o t t e d  
t e s t  section t o  permit transonic l,esting over a Mach number range con- 
t i n u o u s l y  variable from 0.4 t o  1 . f b .  
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MODEL DESCRIPTIQN 

The models consisted of an e l l i p t i c a l  planform wing mounted on top of 
a Sears-Haack body a s  shown i n  f igu re  2. 
invest igated and of t he  Sears-Haack body, which was common t o  a l l  configu- 
r a t ions ,  a r e  given i n  tab les  2 and 3 and f igure  2(a)  through (d). 
graphs of the  model a re  shown i n  figure 2(e). The wing was pivoted i n  the  
horizontal  plane about the  0.4 root-chord point t o  obtain oblique angles 
of O", 45", 50°, 55" and 60" r e l a t i v e  t o  the body longi tudinal  ax i s  as 
shown i n  f igure  2(a). 

Per t inent  dimensions of the wings 

Fhoto- 

A l l  wings had e l l i p t i c a l  planforms with a s t r a i g h t  25-percent chord 
l i n e  ( f igure  2(a)).  
2( f ) ) perpendicular t o  the  upswept chord l i ne .  

The basic  wing s?ctl.on was a NACA 3610-02,40 ( f igure  

Modifications t o  the  bas ic  wing for these t e s t s  (herein re fer red  t o  a s  
wing number 1, Wl) included removing the  anhedral; the r e su l t i ng  dihedral  
for the wing which w i l l  herein be r e fe r r ed  t o  as wing number 3,W3, i s  shown 
i n  f i , p e  2(c). The basic  wing, W1, was also modified for these tests by 
adjust ing the  t r a i l i n g  edge segments 5 and 10 degrees downward as shown i n  
f igure  2 k ) .  

The models were s t i n g  mounted through the  base of the  model body showr 
i n  f igures  2(a) and 2(d), and force  and moment data were obtained from an 
in t e rna l ly  mounted six-campcnent strain-gage balance. 
w a s  on the  body center l i n e  and longi tudina l ly  a t  the wing pivot  point 
(0.4crWt). 
million per foot. 
numbers of 4 m d  8 mil l ion per foot. 
for each configuration t o  always define m a x i m u m  l i f t - t o - d r a g  r R t i o ,  was 
nominally - + 8 degrees. 

The moment center 

Tests were conducted pr inc ipa l ly  a t  a Reynolds number of 6 
Limited data were obtained for the basic  wing a t  Reynolds 

Angle-of-attack range, selected 

Data were obtained for oblique angles of Oo, 45", 50°, 55", and 60" 
for t he  basic  wing ( f igure  2(a)). For the  other configuretions ( the  wing 
with the  t r a i l i n g  edge def lected 5 or 10 degrees downward; the  wing without 
anhedral, W3, and the wing with roughness s t r i p s )  data were obtained for 
oblique angles of O', 45', and 60". Roughness s t r i p s  1/8-inch wide were 
?laced on the  upper and lower surfaces of t he  wing without anhedral and 
around the  body nose. 
placed approximately *-inch downstream of the  wing leading edge and approxi- 
mately 2p inches  downstream from the  body nose. 

"he s t r i p s  were made of O.OOk5-inch diameter spheres 

The densi ty  of the  spheres within the roughness s t r i p s  was determined 
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using state-of - the-ar t  techniques (reference 1). Individual 0.0045-inch 
d i m e t e r  spheres were placed i n  a row, staggered spamise and chordwise, 
on the wing surfaces and flow visualizatLon techniques (fluorescent o i l  
and sublimation) were used t o  determine the ns tu ra l  boundary-layer t r a n s i -  
t i o n  point on t he  wing. The measured balance data were adjusted t o  a con- 
d i t i o n  corresponding t o  freestream s t a t i c  pressure on the base. 

Mach number range f o r  each oblique angle t e s t e d  i s  shown i n  t ab le  4. 

RESULTS AND DISCUSSION 

-4 complete index t o  t h e  dP5a figures i s  g iven  i n  t a b l e  5. 

A t  M = 0.98 and the wing a t  45" (L/D),, was 20 t o  1. 

The experi- 
ments have shown t h a t  an oblique wing of high aspect r 6 t i O  cari give excep- 
t i o n a l l y  h i g h  values of l i f t / & a g - r a t i o  a t  all Mach numbers from 0.60 t o  
1.40. A t  60. yaw 
and M = 1.4 (L/D)w3x was Zpproximately 11. 
higher than those previously obtained with b i l a t e r a l l y  synunetric swept or 
d e l t a  wings. 

Bese values are s ign i f i can t ly  

Upward curvature of the wing i s  e f f ec t ive  i n  reducing the t r i m  changes 
of t r i m  with yaw angle t o  very l o w  values within the cruising range. 
higher angles of a t t ack  s ign i f i can t  t r i m  changes occur, apparently because 
of s t a l l i n g  of the downstream t i p .  

A t  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field, California 94035 December 22, 1972 
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Sept. 1966. 

6 



TABLE 1. - MODEZ GFKMETRY 

Body (Sears-Haack) 

h c g t h  
Closed 
Cut-off 

M a x i m u m  diameter 

Wing 

Planform 1O:l e l l i p s e  about c/4 
span (reference ) 
Area (reference ) 
Root chord 
Aspect r a t i o  

Incidence 
0 . 2 5 ~  sweep 
Se cbion 
Maximum thickness, percent chord 
Leading-edge nose radius, percent chord 

Maximum t / c  

45.25 i n  
36.00 i n  
3.37 i n  

60.00 in 
278.00 i n 2  

6.00 i n  
12.7 
0.10 
00 
00 

0.40 
0.02 

NACA 3610-02,kO 
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TABLE 2. - WING DIMENSIONAL DATA* 

Semi - 
epan Chord 

.OOO 6.000 
1.000 5.997 
2.000 5.987 
3.000 5.970 
4.000 5.946 
5.000 5.915 
6.000 5.879 
7.000 5.834 
8.000 5.783 
9.000 5.724 

10.000 5.657 
10.986 5,583 
11.850 5.512 
12.635 5 .  +42 
13.356 5.373 
14.024 5.304 
14.645 5.237 
15.226 5.170 
15.772 5.104 
16.286 5.039 
16.772 4.975 
17.233 4.911 
17.671 4.849 
18.0L7 4.787 
18.483 4.726 
18.862 4.666 
19.224 4.606 
13.570 4,548 
19.902 4.490 
20.220 4.432 
20.977 4.289 
21.533 4.17C 
22.046 4.069 
2 2 . 5 ~ 3  3.963 
22.956 3.860 
23.379 3.760 
23.763 3.662 
24.123 3.567 
24.459 3.474 

Y-up 

.465 

.465 

.464 

.463 

.461 

.458 

.456 

.452 

.448 

.444 

.438 
,433 
.427 
.422 
.416 
.411 
.406 
.401 
.396 
.390 
.385 
.381 
.376 
.371 
.366 
.362 
.357 
.352 
.348 
.343 
.332 
.324 
.315 
.307 
.299 
.291 
.284 
.2 76 
,269 

Y-LO 

.179 

.179 

.178 

.178 

.177 

.176 

.175 

.174 

.172 

.171 

.169 

.166 
,164 
.162 
.160 
.158 
.156 
.154 
.152 
.150 
.148 
.146 
.145 
.143 
.141 
.139 
.137 
,136 
.134 
.132 
.128 
.125 
.121 
.118 
.115 
.112 
. lo9 
.lo6 
,104 

H 

. 000 
-.OOl 
-.005 
- .ow 
-.017 
-.025 
-.033 
-.042 
-.052 
-.061 
-.070 
-.078 
-.085 -. 090 
-.094 
-.098 -. 101 -. 103 -. 105 -. 106 -. 106 -. 107 -. 107 -. 106 -. 10s -. LO5 -. i J3 -. 102 -. 101 
-.099 
-.094 -. 090 
-.085 - . 380 
-.075 
-.070 
-,065 
-,060 
-.055 

H' 

. 000 

.ooo . 000 . 000 . 000 . 000 

.ooo . 000 . 000 
oc3 
.010 
.018 
.025 
.03@ 
.034 
.038 
.051 
.043 . 045 
.046 
.046 
.047 
-047 
.048 
.049 
,049 
.051 
.052 
.053 
,055 
.om 
.066 
.071 
.076 
.081 
.086 
,091 
,096 
.101 

* ' A l l  dimenrione ate  inches 
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TABLE 2. - WING DIMENSIONAL DAW - Soncluded. 

Semi-  
spa= 

24.773 
25.068 
25.344 
25.604 
25.848 
26.077 
26.293 
26.495 
26.686 
26.866 
27.036 
27.196 
27.347 
27.489 
2 7.624 
27.751 
27.870 
21.984 
28.091 
28.345 
28.524 
28.684 
28.825 
28.952 
29.064 
29.164 
29.254 
29.333 
29.405 
29.468 
29.529 
29.600 
29. /00 
29.800 
29.900 
30.000 

Chc :d 

3.384 
3.296 
3.210 
3.127 
3.046 
2 . 966 
2.889 
2.814 
2.741 
2.670 
2.600 
2,533 
2.467 
2.403 
2 . 340 
2.279 
2.220 
2 163 
2.106 
1.965 
1.859 
1.758 
1.662 
1.572 
1.487 
1.406 
1.330 
1.258 
1.190 
1.125 
1.064 

.977 
,846 
.692 
.489 . 000 

Y -UP 

.262 

.255 
,249 
,242 
.236 
.230 . 224 
.218 
.212 
.207 
.197 
.187 
.178 
.169 
.161 
.153 
.I45 
.139 
.129 
.I16 
.lo5 
.096 
.088 
.081 
.075 
.069 
.064 
,059 
.OS5 
,051 
.047 
.043 
.038 
.031 
.022 . 000 

Y -LO 

. l o 1  

.098 

.096 

.093 

.091 
,088 
,086 
.084 
.082 
.080 
.076 
.072 
.068 
.065 
,062 
,059 
.056 
.OS3 
.050 
.045 
.041 
.037 
,034 
.031 
.029 
.026 
,024 
.023 
.02 1 
020 
.O!R 
.017 
.014 
.012 . 008 
,000 

B H' 

-.050 . lo6 
-.045 .111 
-.040 .116 
-.035 . 1 2 1  
-.030 .126 
-.026 .131 
-.022 .137 
-.017 .142 
-.013 .146 
-.009 .150 
-.006 .156 
-.002 .160 

.002 .164 

.005 .167 

.008 .170 

. O l l  .173 

.014 .176 

.017 .17- 

.020 .IC 

.027 .;1S 

.031 .,43 

.036 .198 

.040 .202 

.043 .205 

.046 .208 

.049 .211 

.OS4 .216 
,056 ,218 
.OS8 .220 
.059 .221 
.061 .223 
.064 .226 
.067 .229 
.070 .232 
.073 .235 

. 0 5 1. .2 13 

* A l l  dimenofone are fnchee 
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TABLE 3. - MODEL BODY DATA * 

L 

. 00 

.LO 

.20 

.30 

.40 

.50 

.60 

.70 

.80 

.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
7.40 
3.50 
3.60 
3.70 

X 

22.62 
22.5Q 
22.42 
22.32 
22.22 
22.12 
22.02 
21.92 
21.82 
21.72 
21.62 
21.52 
21.42 
21.32 
21.22 
21.12 
21.02 
20.92 
20.82 
20.72 
20.62 
20.52 
20.42 
20.32 
20.22 
20.12 
20.02 
19.92 
19.82 
19.72 
19.62 
19.52 
19.42 
L 9.032 
14.22 
19.12 
19.02 
18.92 

D i a  

3.036 
3.036 
3.035 
3.035 
3.035 
3.034 
3.033 
3.032 
3.032 
3.030 
3.029 
3,028 
3,026 
3.025 
3.023 
3.021 
3.019 
3.017 
3.015 
3.013 
3.010 
3.008 
3.005 
3.002 
2.999 
2.996 
2.993 
2.989 
2.986 
2.982 
2.979 
2.975 
2 ,971  
2.967 
2.962 
2.958 
2.953 
2.949 

Area 

8.909 
8.909 
8.908 
8.907 
8.905 
8.903 
8.900 
8.896 
8.892 
8.888 
8.883 
8.878 
8.872 
8.865 
8.858 
8.850 
8.842 
8.834 
8.825 
8.815 
8.805 
8.794 
8.783 
8.771 
8.759 
8.746 
8.733 
8.719 
8.705 
8.690 
8.675 
8.659 
8.643 
8.626 
8.609 
8.591 
8.573 
8.554 

W 

3.036 
3.036 
3.035 
3.035 
3.035 
3.034 
3.033 
3.052 
3.032 
3.030 
3.029 
3.028 
3.026 
3.025 
3.023 
3.021 
3.@19 
3.017 
3.015 
3.013 
3.010 
3.008 
3.005 
3.002 
2.999 
2.996 
2.993 
2.989 
2.986 
2.982 
2.979 
2.925 
2.971 
2.967 
2.962 
2.458 
2.953 
2.949 

2 

. 000 

.ooo . 000 . 000 

.ooo . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . on0 

. G O  . 000 . 000 

.ooo . 000 . 000 . 000 

.ooo . 000 . 000 . 000 . 000 . 000 

.ooo 
,000 
,000 . 000 
,000 
,000 
,000 . 000 . 000 . r)oo . 000 

4 

90.0 
90.0 
90.9 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90 .o 
90.0 
?O.O 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90 .o 
90 .O 
90.0 
90.0 
90.0 
90.0 
50.0 
90.0 
90.0 
90.0 
90.c 
90.0 
90 0 
90.0 

* A l l  dimensions a r e  Inches except Areti, in', and @, degrees 
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TABLE 3 .  - MODEL BODY DATA - Continued. 

L 

3.80 
3.30 
4. OG 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4. a0 
4. m 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 

5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 
6.60 
6.70 
6.80 
6. W 
7.00 
7.13 
7.20 
7.30 
7.40 
7.50 

5.80 

X 

18.82 
18.72 
18.62 
18.52 
18.42 
18.32 
18.22 
18.12 
18.02 
17.92 
17.82 
17.32 
17.62 
17.52 
17.42 
17.32 
17.22 
17.12 
17.02 
16.92 
16.82 
16.72 
16.62 
16.52 
16.42 
16.32 
16.22 
16.12 
16.02 
15.92 
15.82 
15.72 
15.62 
15,52 
15.42 
15.32 
15.22 
15.12 

D i a  

2.544 
2.039 
2.934 
2.929 
L.924 
2.918 
2.913 
2.907 
2.902 
2.899 
2.896 
2 894 
2.891 
2 . 889 
2.886 
2.684 
2.882 
2 . 880 
2.877 

2.873 
2.872 
2.870 
2.868 
2.866 
2.8€4 
2.863 
2.861 
2.859 
2.857 
2.856 
2.854 
2.853 
2.851 
2 . 849 
2.848 
2.846 
2.854 

2.875 

Area 

8.535 
8.515 
8.495 
8.474 
8.452 
8.431. 
8.400 
8.386 
8 . 362 
8 . 338 
8.314 
8.289 
8.264 
8.239 
8.212 
8.186 
8.158 
8.131 
8.103 
8.074 
8.045 
8.016 
7.986 
7.955 
7.924 
7.893 
7.861 
7.829 
7.796 
7.763 
7.729 
7.695 
7.660 
7.625 
7.590 
7.5% 
7.518 
7.481 

W 

2.944 
2.939 
2.934 
2.929 
2.924 
2.918 
2.913 
2.907 
2.90c 

2.878 
2.867 
2.854 
2.841 
2.828 
2.813 
2.798 
2.782 
2.766 
2.748 
2.730 
2,711 
2.691 
2.671 
2.649 
2.627 
2.604 
2.580 
2 . 554 
2.528 
2.501 
2.473 
2.444 
2.414 
2.383 
2.350 
2.317 
2.282 

2 889 

z 

. 000 . 000 

.om . 000 
,000 
.Ooo . 000 
.OW 
-059 
.119 
.160 - 199 
.230 
- 262 
.2eC? 
.318 
A 346 
.372 
.397 
.423 
,448 
.474 
.f.99 
,523 
.547 
.571 . 596 
.619 .' 642 
.665 
.689 
.712 
.736 
.758 
,781 
.804 
.827 
,857 

Q 

90.0 
90.0 
90.0 
YO .o 
90.0 
90.0 
90.0 
90.0 
81.7 
85.3 
83.7 

80 -0 
79.6 
78.4 
77.3 
76.1 
75.0 
74.0 
72.9 
71.8 
75.2 
69.7 
68.6 
67.6 
66.5 
65.4 
64.4 
63.3 
62.2 
61.1 
60.1 
59.0 
57.9 
56.8 
55.6 
54.5 
53.1 

82.1 

* A1L dimensions are inches  except  Area, in2 ,  and #, degrees 



T m  3. - MODEL BODY DATA - Continued. 

L 

7.60 
7.70 
7.80 
7.90 
8.00 
8.20 
8.20 
8.30 
8.40 
8.50 
8.60 
8.70 
8.80 
8.90 
9.00 
9.10 
9.20 
9.30 
9.40 
9.50 
9.60 
9.70 
9.80 
9.90 
10 .oo 
10.10 
10.20 
10.30 
10.40 
10.50 
10.60 
10.70 
10.80 
10.90 
11.00 
11.10 
11.20 
11.30 

X 

15.02 
14.92 
14.82 
14.72 
14.62 
14.52 
14.42 
14.32 
14.22 
14.12 
14.02 
13.92 
13.82 
13.72 
13.62 
13.52 
13.42 
13.32 
13.22 
13.12 
13.02 
12.92 
12.82 
12.72 
12.62 
12.52 
12.42 
12.32 
12.22 
12.12 
12.02 
11.92 
11.82 
11.72 
11.62 
11.52 
11.42 
11.32 

Dia 

2.861 
2.867 
2.873 
2.878 
2.883 
2 . 888 
2.891 
2.895 
2.898 
2.900 
2.902 
2.903 
2.904 
2.905 
2.903 
2.902 
2.901 
2.899 
2.996 
2.892 
2 . 888 
2.883 
2.877 
2,370 
2.861 
2.P51 
2.840 
2.829 
2.819 
2,808 
2.796 
2.785 
2.774 
2.763 
2.751' 
2.739 
2.727 
2.716 

Area 

7.444 
7.406 
7.368 
7.330 
7.291 
7.252 
7.212 
7.172 
7.131 
7.090 
7.049 
7.007 
6.965 
6.923 
6.880 
6.836 
4.793 
6.749 
6.704 
6.659 
6,614 
6.568 
6,522 
6.476 
6.429 
6.382 
6.335 
6.287 
6.239 
6.191 
6.142 
6,093 
6.044 
5.994 
5.944 
5.893 
5.843 
5.791 

W 

2.245 
2.207 
2.168 
2.127 
2.085 
2 .om 
1.994 
1.946 
1.895 
1.843 
1.187 
1.729 
1.668 
1 . 603 
1.534 
1.461 
1.383 
1.298 
1.207 
1.106 
.992 
.863 
.707 
.502 . 000 

z 

.887 

.915 

.943 

.969 

.996 
1.022 
1.047 
1.072 
1.096 
1.120 
1 . 143 
1.166 
1.189 
1.211 
1.232 
1.254 
1,275 
1.296 
1.316 
1.336 
1.356 
1.376 
1.394 
1.413 
1.431 

6 

51.7 
50.3 
49.0 
47.1 
46.3 
44. Y 
43.6 
42.2 
40.8 
39.4 
38.0 
36.6 
35.0 
33.5 
31.9 
30.2 
28.5 
26.6 
24.6 
22.5 
20.1 
17.4 
14.2 
10.1 

.o 

* A l l  dimensions 8re inch-s  except Area, i n 2 ,  and # , degrees 
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TABLE 3. - M0i)EL BODY DATA - Continued. 

L 

11.40 
11.50 
11.60 
11.70 
11.80 
11.90 
12.00 
12.10 
12 . 20 
12 . 30 
12.40 
12 . 50 
1 2 . 6 ~  
12.70 
12.80 
12.90 
13.00 
13.10 
13.20 
13.30 
13.40 
13.50 
13.60 
13.70 
13.80 
13.90 
14.00 
14.10 
14.20 
14.30 
14.40 
14.50 
14.60 
14.70 
14.80 

X 

11.22 
11.12 
11.02 
10.92 
10.82 
10.72 
10 . 62 
10.52 
10 . 42 
10.32 
10.22 
10.12 
10 . 02 
9.92 
9.82 
9.72 
9.62 
9.52 
9.42 
9.32 
9.22 
9.12 
9.02 
8.92 
8.82 
8.72 
8.62 
8.52 
8.42 
8.32 
8.22 
8.12 
8.02 
7.92 
7.82 

14,90 - 7.72 
15,OO 7.62 
15.10 7.52 

Dia 

2.704 
. 2.691 

2.679 
2.667 
2 . 654 
2 . 641 
2.629 
2 . 616 
2.603 
2.589 
2.576 
2 . 563 
2.549 
2.535 
2.521 
2.507 
2.433 
2.479 
2.465 
2.450 
2.436 
2.421 
2.406 
2.391 
2.375 
2.360 
2 . 345 
2.329 
2.313 
2.297 
2.281 
2.265 
2.248 
2.232 
2.215 
2 . 198 
2.181 
2.164 

Area 

5.740 
5.689 
5.637 
5.585 
5.532 
5.480 
5.427 
5.373 
5 . 320 
5.266 
5.212 
5.158 
5.103 
5.048 
4.993 
4.938 
4.883 

4.771 
4'. 715 
4.659 
4.602 
4.546 
4.489 
4.432 
4.374 
4.317 
4.260 
4.202 

4.086 
4.028 
3.170 
3.912 
3.853 
3.795 
3.736 
3.677 

4.827 

4.144 . 

* All dimensions are inches except Area, i n 2  
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TABLE 3. - MODJ3L BODY DATA - Zontinued. 

L 

15.20 
15.30 
15.40 
15.50 
15.60 
15.70 
15.80 
15.9G 
16.00 
16.10 
16.20 
16.30 
15.40 
Lb. 50 
16.60 
16.70 
16.80 
16.90 
17.00 
17.10 
17.20 
l?. 30 
17.40 
17.50 
17.60 
1T.70 
17.80 
17.90 
18.00 
18.10 
10.20 
18.30 
18.40 
18.50 
10.60 
18.70 
10.8@ 
10.90 

X 

7.42 
7.32 
7.22 
7.12 
7.02 
6.92 
6.82 
6.72 
6.62 
0.52 
6.42 
6.32 
6.22 
6.12 
6.07. 
5.92 
5.82 
2.72 
5.62 
5.52 
5.42 
5.32 
5.22 
5.12 
5.02 
4.92 
4.82 
4.72 
q.62 
4.52 
4.42 
4.32 
4.22 
4.12 
4.02 
3.92 
3.82 
3.72 

Dia 

2.146 
2.129 
2.111 
2.093 
2.075 
2.057 
2.039 
2.020 
2.002 
1.983 
1.964 
1.444 
1.925 
1.905 
1.886 

1.845 
1.025 
1.805 
1.784 
1.763 
1.742 
1.720 
1.699 
1.677 
1.655 
1.637 
1.610 
1.587 
1.564 
1.541 
1.518 
1.494 
1.47G 
1.446 
1.421 
1.397 
1.372 

1.866 

n 

Area 

3.619 
3.560 
3.501 
3 . 442 
3.383 
3.324 
3.265 
3.200 
3.167 
3.088 
3.025, 
2.97C 
2.911 
2.055 
2.793 
2.734 
2.675 
2.616 
2.558 
2.499 
2.441 
2.382 
?. 324 
2.266 
2.208 
2.151 
2,093 
2.036 

1.922 
1.866 

' 1.753 
1.697 
1.642 
1.507 
1.532 
1.470 

1.979- 

' 1.809 

* A I S  dimensions a r e  inches except Area, ind 
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L 

19.00 
19.10 
19.20 
19.30 
19.40 
19.50 
19.60 
19.70 
19.80 
19.90 
20.00 
20.10 
20.20 
20.30 
20.40 
20.50 
20.60 
20.70 
20.80 
20.90 
21.00 
21.10 
21.20 
21.30 
21.40 
21.50 
21.60 
21.70 
21.80 
21,90 
22.00 
22.10 
22.20 
22.30 
22.40 
22.50 
22.60 
22.62 

X 

3.62 
3.52 
3 -42 
3.32 
3.22 
3.12 
3.02 
2.92 
2 .a2 
2.72 
2.62 
2.52 
2 -42 
2 -32 
2.22 
2.12 
2.02 
1.92 
1.82 
1.72 
1.62 
1.52 
1.42 
1.32 
1.22 
1.12 
1.02 
.92 

72 
62 

.52 

.42 

.32 
e 22 
e 12 
.02 . 00 

.82 

Ma 

1 346 
1.321 
1.295 
1.269 
1.242 
1.215 
1.188 
1.160 
1.132 
1. loa 
1.075 
1.G46 
1.017 
.587 
.956 .. 926 
894 
862 
a833 
797 
763 
.729 
694 
658 
-621 
583 

.545 
505 
464 
.422 
8 378 
-332 
a283 
e231 
175 
.111 
e029 
.ooo 

t All dimensions are  inches  except Aree, i n 2  

Area 

1.424 
1.370 
1.317 
1.264 
1.212 
1.160 
1.108 
1.057 
1.007 
.957 
.908 
.860 
.812 
.765 
.718 
.673 
.628 
.584 
.541 
499 
.457 
.417 
-378 
340 
303 

,267 
.233 
.zoo 
169 

.140 

.112 

.0b6 
,063 
.042 
.024 
.010 
0001 . 000 

TABLE 3. - MODEL BODY DATA - Concluded. 
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Figure 

3 

4 

5 

6 

TABLE 5. - INDEX OF DATA FIGORES 

Title -ge 

1 Effect of Reynolds number. -- 
Effect of trailing edge angle- 36 

Effect of dihedral. 127 

EPfect of sur face  roughness s t r i p s .  302 

18 





( a )  Model drawing 

Figure 2 .  - Oblique-wing/body model details and photograph 
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z-uR 1 r Camber l ine  

I 1 
t I - 

Chord line 

X 

Camber 2-up - t 
c C C 
- 

00008 

000195 
-00389 
.W58i’ 
000772 
.01144 
.O1498 
-02- 
.0262l 
e 0 2 9 2 5  
02995 
02785 
.or246 
.01?34 
000000 

.ooBOg 
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07275 
.06182 
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002461 
.moo 

2-ia 
7 

C 

-. 00594 - .01619 
-.0223O - .02671 
-.02864 
-002951 
-.02981 - ,0293 
- 0 0 3 3 7 9  -. 01899 - 02285 
-000613 - 0 000 38 

- 0 00300 

- : w715 

.m07 

( f )  W i n g  section h w i n g  and tabulate& airfoil section data 

Figure 2.- Continued. 
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