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A FLIGHT  INVESTIGATION OF TB3 TRANSONIC AREA RUI;E FOR 

A 52.5' SwEpTsA(=K WING-BODY CONFIGURATION 

AT MACE NUMBERS BETWEEN 0.8 AND 1.6 

By Sherwood Hoffmm 

An investigakion of the  transonic area r u l e  has been  conducted by 
zero- l i f t   f l igh t  tests of models of a 52.5' sweptback wing-body corfigu- 
ra t ion with esd wfthout a fuselage  irtdentetion  and of equivalent  bodies 
of revolution  through a renge of Mach  number frm 0.8 t o  1.6 and Reynolds 
number f ram 4 x lo6 t o  12 x lo6, based on wing mean aerodynemic  chord. 
The wing had an angle of  sweepback of 52.5O along the  qmrter-chord line, 
an aspect  ratio of 3.0, a taper   ra t io  of 0.2, end an NACA 6N004 a i r f o i l  
section  in  the  free-stream  directioa. The parabolic body had a fineness 
ratio of 10. 

Indenting  the  fuselage of the wing-body embination,  in  order t o  
reduce the normal cross-sectional area dis t r ibut ion t o  that of the origi-  
nal body alone,  reduced the  drag  r ise  between h c h  numbers 0.9 and 1.35 
and increased the drag rise above Mach  number 1.35. N e a r  Mach nmber 1.0, 
approxinakely  the same drag rise w a s  obtained from the  indented-body- 
wing combination end i ts  equivelent body  of revolution. The drag rise 
fron the equivalent body of revolution with the bump corresponding t o  the 
w i n g  was only 60 percent of that f o r  the  basic --body configuration a t  
the speed of sound. The eqdve1eE-k bodies did not indicate the pressure 
drag of the wing-body configuretions at  supersonic  speeds. 

INTRODUCTION 

The design of high-speed s i rcrefk f o r  minimum drag rise near the 
speed of sound has been greatly enhanced by the  concepts of the transonic 
area rule of reference 1. lrvestigations of the  area rule by wind-tunnel 
t e s t s  a d  rocket-model tests (refs. 1 t o  7) of research  configurations 
and airplane  configurations have shown tbt the drag rise new Mach num- 
ber 1.0 varied approximately with the  dis t r ibut ion of cross-sectional 
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area  of  the  configurations.  Tests  of  several  configurations  (refs. 2 
and 6, for example)  have  shown  that  by  nodifying  the  configuration so thak 
the  resulting  area  distribution was conducive to low pressure  drag,  it  was 
possible to reduce  the  drag  at  both  transonic  and low supersonic  speeds. 
Because  there is little  information  available  at  present  regarding  the 
Mach  number  limitations of this  design  concept,  additional  tesLs  are  being 
conducted  to study the  concepts  of  the  area  rule in more  detail. 

This paper  presents  the  results  of an investigation  of  the  applica- 
tion  of  the  transonic  area r u l e  for a basic  conPiguration  consisting of 
a 52.5' sweptback  wing of aspect  ratio 3.0 and  taper  ratio 0.2 on a 
parabolic  body. The fuselage  was  modified  with an axially  symmetrical 
indentation to reduce  the  cross-sectional  are8  of  the  basic  configuration 
to that of  the  parabolic  body alone. Tests a l s o  were  made  of  eguiwtlent 
bodies  of  revolution  of  the  basic  and  nodified  wing-body  combinations  to 
check  the  concepts of the  transonic area rule. 

The  flight  tests  covered  continuous  ranges of Mach  number  varying 
between 0.8 and 1.6. The  corresponding  Reynolds  numbers  varied  between 
approximately 4 x lo6 to 12 x lo6, based on the mean aerodymmic chord 
of  the  wing. 
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SYMBOLS 

cross-sectional  area, sq in. 

tangential  acceleration,  ft/sec2 

total  drag  coefficient,  based  on S, 

total  drag  coefficfent,  based  on Sf 

mean aerodynamic  chord  of wing, ft 

local  wing  chord, et 

acceleration due to gravity, 32.2 ft/sec2 

length of body,  in. 

free-stre-  Mach  number 

free-stream  dynamic  pressure,  lb/sq ft 

Reynolds  numker,  based on E 

. 
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sw 

Sf 

t o t d  plen-form area of w i n g ,  so_ f t  

fronts1 area of parabolic body, sa_ ft 

w weight of nodel C u r i n g  deceleration, l b  

X station measured from body nose, in. 

Y angle between fl ight  geth and horizontal, deg 

MODELS 

Details and dimensions of the models tested  are  given in figure 1 
and tables I t o  N. The noma1 cross-sectiond Ere= distributions and 
photographs of the models ere  presented  in figures 2 uld 3, respectively. 

The basic  configura%ion, model A, consisted or" a 52.5O sweptback 
wing on a parebolic body wlth fou r  stabiliziw fins .  me parebolic body 
was formed from two parabolas of revolution  joined st the Illaxinurn diameter 
(40-percent station) md had an overall f inezless r s t i o  of 10.0. The wing 
had an -le of sweegbzck  of 52.5O along  the  quarter-chord  line, an 
aspect  rst io of 3.0 (based on t o t a l  wiw plar-form area), a taper  r&tio 
of 0.2, and an NACA 65~00L ei-rfoi l  section in the free-stream  direction. 
The rakLo of t o t d  wing plan-form mea   t o  body frontal  area was 16.5. 
Model B, which consisted of the w i a g  on the body w i t h  an axially symmet- 
r i ca l  indentakion, had the sane distribution of cross-sectioml  area as 
the  parabolic body alone  or model C. Models D aad  E were designed t o  be 
equivalent bodies of revolution h&.vbg the same distribution of cross- 
sectionzl  area es the  basic wing-body conliguratior, made1 A. Model E 
was a 0.1538-scale model of the larger models  and w i l l  be referred -Lo as 
the small body w i t h  bmp. 

A l l  the noclels were tested a t  the Langley P i lo t l e s s  Aircraft Research 
Station at Wallops Island, Va. Models A t o  D were propelled from zero- 
le-h launchers by fin-stabilized 6-21~h ABL Deacon rocket motors 
(fig. 4) t o  supersonic  speeds. After burnout of the  rocket motors, the 
models separated f r a  the boosters end decelerated  through the test Mach 
number rm-ge. Velocity and trajectory  data were obtained from the 
Cd Doppler velocimeter and the NACA modified SCR 584 tracking radar unit, 
respectLvely. A survey of atrnosnheric coaditiors  including winds a lof t  
was made by radiosonde measurements  from zzt ascending balloon that W-ES 
released at the time of each  lamching. 
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The f l igh t   t es t s  covered continuous  ranges of Mach  number varying 
between Mach  numbers 0.8 and 1.6. The corresponding Reynolds numbers for  
models A t o  D varied from approximately 4 x 10 t o  about 12 x 10 , based 
on wing mean aerodynamic chord, as  i s  shown in  f igure 5. Since no tran- 
sonic  data were obtained from model D, a small-scale  configuration, 
model E, was flight  tested  at  transonic speeds t o  provide data   in  this 
speed range for  the body with bump.  Node3 E was tested  using the -ley 
helium gun (at the  testing  station  at  Wallops Island, Va. ) which is  
described in  reference 3 and covered a continuous Mach  number range from 
about 0.85 t o  1 . 3  with  corresponding Reynolds nwnber range varying from 
1.3 x 10 t o  2 x lo6 (fig. 5 ) ,  based on the scaled down mean aerodynamic 6 
chord of the wing. 

6 6 

The values of total .  drag coefficient, based on the t o t a l  wing plan- 
form area, f o r   a l l   t h e  models  were obtained  during  decelerating  flight 
with  the  expression 

where s was obtained by differentiating  the  velocity-time curve from 
the CW Doppler velocimeter. A more complete discussion of the method 
for  reducing the data is given in reference 8. 

The t o t a l  drag coefficient  for  the bodies of revolution, based on 
the  frontal  are.= of the parabolic body, was obtained from 

where  %/Sf = 16.5. 

The e r r o r  i n  t o t a l  drag  coefficient CD we6 estimated t o  be less 
than +0.0005 at  supersonic speeds and less t- B.001 a t  transonic speeds. 
The Ihch numbers  were deternir-ed  within 30.005 throughout the test range. 

€ESULTS ANI) DIS(=USSION 

%%e variations of t o t a l  drag  coefficient CD for the wing-body con- 
figurations and CQ f o r  the  equivalent  bodies of revolution with Mach 
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number ere  given in figure 6. A conperison of kf for  the two similar 
configurations wlth the bunp, nodels D anti E, is shown in  f igure 6(d). 
The adjusted curve in  figure  6(d) w s s  obtained by correcting  the  values 
of CDf from node1.E f o r  the  difference i n  Reynolds nmber between the 
two similar bodies, thus  giving the variations of Q+ w i t h  M fo r  
model D throughout the t e s t  r-e. Reference 9 was used t o  deternine the 
fr ic t ion  drag  coefficients of nodels D md E. 

In figure 7, the t o t a l  drag coefficients of a l l  the models axe based 
on the total plan-form area of the wing and are compared  between Mach 
numbers 0.8 and 1.6. The drag of the f in s  as obtained from reference 10 
is  presented also i n  this figure. In regerds t o  mdels A and B, it should 
be noted tkt p a r t  of the  difference  in  their subsonic drags a.&y be  due 
to  the  different  surface finishes (see  fig. 3) of the w i n g s  as is Mi- 
ceted in reference ll. Although the  identat ion reduced the t o t a l  drag 
of the  besic wing-body-fin combination throughout most of the  transonic 
ar-d supersonic Vach nmber renge, the  savings in drag due t o  indenting 
the body w a s  obtained at  the penalty of reduciag  the v o l m  of the body 
by 24 percenk or of the wing-body combirmtion by 19 gercent. The drag 
from the two bodies of revolution (models C and D )  were approxia&ely 
the sane at subsonic  speeds,  but model D wlth the bump had more drag et 
supersonic  speeds because of its body shzpe and lower finezess r a t i o  than 
m o d e l  C. 

In order t o  determine the  effectiveness of th transonk  mea rule 
f o r  determining or  reducing  the drzg r i s e  of the present  conXguretion, 
the drag rises of the m o d e l s  tested are presented in figure  8(a)  lor 
comparison with  the n o d  cross-sectioml area distributions of the 
models in figure 2. The transonic  area rule of reference 1 states tht 
the zero-lift  dreg rise of thin, low-aspect-ratio wing-body combinations 
near the speed of sound is prinarily dependent on the axial distribution 
of cross-sectioml area of the configuretion ard that the drag r i s e  of 
any such configuration is approximately the same as that of i ts  equiva- 
lent body of revolution a t  lkch number 1 -0. The resu l t s   in  f igu-re 8( a) 
show that a relatively  large  difference i n  dreg rise was obtained  near 
end above Mach  number 1 for  the basic  configuration (made1 A) and its 
equivalent body (node1 D ) .  The drag rise of m o d e l D  was about 40 percent 
lower than that of model A at Mach  number 1.0 and even lower at supersonic 
speeds. The agreenent between the  indented  configurstion model B and i ts  
equivalent body model C wss good at Mach nmber 1 w i t h  fncreesillgly  poorer 
agreemn-i as the Mach mmbr  ues increased t o  the limit of the tests. 
These results are similar t o  those  obtained from m earlier f l F g h t  t e s t  
investcgation  (ref 2) of the  transonic area ru le  fo r  a 45O sweptbaclc- 
wing-cylindrical-body configuration as is shown in figure  8(b) and also 
the sweptback-w33 test results of references 1 md 3. Tests of other 
wing-body configurations with delea wms and straight wings Fn refer- 
ences 1 md 3 show tht better egreemert between the drag r i ses  of the 
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configurations and their  equivalent  bodies of revolution may be obtained. 
Although the sweptback wings tested  herein were thin and had e low aspect 
r a t io  and ta?er  ratio,  as specified by the transonic  zrea rule, it appears 
that the area rule  does  not work as wel l   for  swept w i n g s  as it does f o r  
delta and straight w i n g s .  

O f  pmticular   interest  i s  the  effect  the indentatiom have on the  
drag rise of the  configurations a t  transonic and supersonic  speeds. By 
indenting  the body of the  basic  configuration  to  reduce  the normal cross- 
sectional  area  to that of the original body alone and Take the area 
di6tribution smooth, the  drag rise was reduced  between Mach numbers 0.9 
and 1.35 for   the  present   tes ts   ( f ig .  8(a))  and  between 0.95 and 1.18 f o r  
the tests in  reference 2, ( f ig .  8(b)). Although the drag rises of the 
equivalent  bodies did not match that of the i r  wing-body combinations, 
indentillg  the body according t o  the trensonic area rule  did give a good 
reduction i n  the drag rise a t  transonic  speeds. 

The coxparisons in   f igure 8 also show that the beneficial   effect  of 
the transonic  indentetion  decreased as the Mach nmber  increased and then 
the  drag rise exceeded that fron  the  original  configuration. A t  Mach 
number 1.5 f o r  the present  tests, the pressure  drag was increased by 
about 10 percent with the indentation. For the configuration of refer- 
ence 2, the  indentation  increased  the  drag rise by 25 percent Ebove 
M = 1 . 3 .  Tests of delta-wing  configurations with body contouring accordi-ng 
to  the  transonic area rule   in   referemes 6 and 12 also show that the  favor- 
able e f fec ts  from the  indentation  decreased w i t h  increasing Mach  number  up 
t o  Mach  number 2.0. These comparisons and unpublished dEta for   s t ra ight -  
wi-ng configurations  indicate that w h i l e  such  indentations  are  beneficial 
at transonic  speeds  they  can be harmful a t  higher  speeds. 

With the &id of the  supersonic area rule  of references 13 and 14, it 
is  possible t o  show that the  transonic  indentations have an undesirable 
effect  on the wave drag at supersonic  speeds. The supersonic  area  rule 
( ref .  14) i s  an  extension of Vne transonic  area  rule  in that it involves 
the  consideration of a series of cross-sectional  area  distributions 
instead of just   the normal &rea distribution. Each area  distribution of 
the  ser ies  i s  obtained  lrox  the  area  intercepted by para l le l  Mach planes 
a t  a given  angle of r o l l  of the configura2ion  with  respect t o  the Mach 
planes. According to  the comrention  used, the F&ch planes are perpen- 
dicular to tiie wing plane a t  Oo of r o l l .  For the  symmetrical models of 
this  investigation,  roll   angles from Oo t o  900 must be considered. For 
the present wing-body configurations, models A and S, the cross-sectional 
area  distributions have been determined fo r   ro l l   mg les  of Oo, 45O, and 
goo at M = 1.50, ar.d fo r  a r o l l  angle of 0' at  M = 1.38. These areas, 
including the average  ares for the t-ree r o l l  angles a t  M = 1.50, are 
presented  in  figure 9, except  for  the  areas a t  goo r o l l  angle. For this 
last case, it should be noted that the  areas a t  90' r o l l  angle  for  the 
synmetrical models A and 3 remain essentially the same for  the Yach  number 
range  considered and ere  show- i n  figure 2. -Also, i t  has been assumed that 
the body area distribution does not change with Wch number. 
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A conparison of the  area  distributions  at   the  three r o l l  angles f o r  
M = 1.50 in   f igures  2 end 9, show that the  srea  dfstributions of both 
models A and B improve 8s  the models are  rolled from 0' t o  goo. For the 
present  case, it is difficult t o  determine which collpigurztion hp,s the 
greater  pressure drag from either comparing the areas a t  the illdividual 
r o l l  angles o r  the average areas. In this regard, it would be necessary 
t o  cmpute the drag  coefficients of the  equivalent  bodies of revolution 
at each r o l l  -le (ref. 14) and average them to  obtain  the  total  drag. 

An indication of the  effect  of increasing Mach  nmnber or! the  drag 
is given in   f igures  2 and 9 by  comparing the area dis t r ibut ion  a t  Oo r o l l  
angle. It is clearly shown that the  ere&  distribution of the irdented 
configuration becorns worse as the Mach  number is increased t o  M = 1.3. 
A t  higher ltlach  numbers, the  dent in the area  distribution f o r  model B 
would becone even nore pronounced, indicating that the  indentation would 
event- produce a greater  pressure  drag f o r  nodel B then is obtained 
f r m  the unmodified configuration model A. 

CmCLUSIONS 

The results of an investigdxlon of the  transonic  mea ru le  by rocket- 
model t e s t s  of zero-lift models of a 52.3' sweptbsck wing-body combillation 
with and without a fuselage  indentation and of their corresponding  equiv- 
alent  bodies of revolution between Mech nunbers 0.8 end 1.6 indicate the 
following conclusions: 

1. Indenting the fuselage of the wing-body combimtion, in order t o  
recuce the normal cross-sectional  area  distribution t o  that of the  orig- 
izlEll body alone, reduced the drag r i s e  between Mach nuubers 0.9 and 1.35 
and increased tbe drag r i s e  above Mach  number 1.35. 

2. Near Mach nunber 1.0, approximtely  the sane drag rise was  obtahed 
from the wing-body combination w i t h  indentation Esd i ts  equivalent body of 
revolution o r  the original  fuselage alone. The drag rise frm the equiv- 
alent body of revolution  with the bump correspomiiog t o  the-swep-tback 
wing  wzs only 60 gercent of that for  the  basic wing-body configuration 
at the speed of sound. 

3. The IliaXZmn d-rag r i se  of the wing-body canbinations was not 
duplicated by their  equivalent  bodies of revolution. 

m u l e y  Aeronautical Laboratory, 
National Advisory Committee f o r  Aeromutics, 

Langley Field, Va. , August 2, 1954. 
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Station, 
percent  chord 
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TABLE I. - COORDINA!IXS OF NACA 6x004 AlRFOIL 

0 
a5 
75 

1.25 
2.5 
5-0 
7.5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 

Ordinate, 
percent  chord 

0 
311 
378 
.481 
.656 
877 

1.062 
1.216 
I. 463 
1.649 
1 790 
1.891: 
1.962 
1 996 
1 996 
1 952 
1.867 
1.742 
1.584 
1.400 
1 193 

.966 

.728 

.kg0 

.249 . 009 
L. E. radius: 0.102. 
T. E. radius: 0.010. 

1 
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TABLE 11.- COORDINATES OF PARABOLIC BODY 

[StatioDs measured from body nosel 
L 

Station, 
in. 

0 
1 
2 r: 
6 
10 
14 
18 
22 
26 
30 
34 
38 
42 
46 
50 
54 
58 
62 
65 

4 

Ordimte, 
h. 

0 
.245 
.481 
923 

1.327 
2.019 
2 9 558 
2.942 
3 173 
3 250 
3 233 
3.181 
3 093 
2 9 975 
2.820 
2.631 

1 857 
1.615 

2.407 
2.149 
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'TABLE 111.- COORDINATES OF BODY WITH LNDENTATION 

[Stations measured from body nosel 
L 

Station, 
in .  

(a 1 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
65 

Ordinate, 
in. 

(a 1 
3.246 
3 9 176 
3 073 
2 934 
2.748 
2.619 
2 -455 
2.91 
2.262 
2.243 
2.238 
2 9 297 
2.292 
2.251 

2.007 
1 857 
1.698 
1.615 

2.221 
2.149 

. 

%oordinates between stations 0 and 28 
are ident ical   to   those of the parabolic body. 
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Station, 
in. 

62 
64 
65 

Ordinate, 
in. 

(b 1 
3 287 
3 336 
3 394 
3.468 
3.478 
3 492 
3.468 
3.405 
3 -290 
3.144 
2.926 
2 - 733 
2.551 
2.341 
2.149 
2.007 
1 857 
1.698 
1.615 

3.246 

“Coordinztes  for the smell body with b m p  

bCoordinates between stations 0 ard 28 are 
are 0.1538-scale model of the abwe coordinates. 

identical to those of the perabolic  body. 



Vodol Churacf eristics 

Wing uspect ratJo. ................ 5.0 
\Vine taper r a t i o . . . . . . . . . . . . . . . . . .  0.2 
Wlng  mean aerodynamic chord, ft.. . 1.295 
Free stream nirroll.......... 9ACA h:k204 

Total wing planform area, sq ft.. 3.802 
Sweepbnck angle of quarter chord.. 52.5O 

Total exposed f i n  nrea, sq f t . . . . .  1.332 
Body f i n e n e s s   r a t l o . . . . . . . . . . . . . . .  10.0 
Rods front111 area, sq ft.......... 0.250 

. 

,*.,, f t==j - 

A - A  

(a) Wing-body  combinations.  Models A and B. 

Figure 1.- Details and dimensions of models  tested. All dimensions are 
in inches. 
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(b) Parzbolic body. lnodel C; frontzl &re=, 0.230 sa_ ft;  fineness 
ratio, 10. 

7 

(c) Body with bump. Model D; frontel  area, 0.266 sq ft; fineness 
ratio, 9.31. 

I-  

(d) Smll body with bump. Model E; frontel  zrea, 0.053 sq ft; fineness 
r a t io ,  9.31. 

Figure 1.- Concluded. 
. 



Figure 2.- Axial distribution of cross-sectional  areas of models at any 
roll angle at Mach number 1.0 or at 90' rotation of each model with 
respect to the Mwh planes  at supersonic h c h  numbers. 
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(a) Wing and body. Model A .  

-.. " .  

7- 
"" 

r- 

... .. 

L-83377.1 
(b ) Wing and indented body. Model B. 

Figure 3.- Photographs of models. 
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(c) Parabolic body. Moiiel C. 

_. ... 

(d) Body with bump. Model D. 

Figure 3.-  Continued. 

L-80460 .I. 
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L-81979 (e) S m l l  body w i t h  bmp. Model E. 

Figure 3. - Concluded. 



NACA RM L54Hl3a 

L-810 52 
Figure 4.- A model and booster on zero-length launcher. 
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S?~ll body with bump (?.?&el E) 

-~ 
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.8 .9 1.0 1.1 1.2 1.3 1.4 1.5 

M 

Figure 5.- Vzriatlon of ReyIlolds  number with Mzch nunber f o r  m o d e l s  
tested. Reynolds n&er i s  based on wing nesn aerodynamic chord. 
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-03 

.a? 

.01 

'.e .9 1.0 1.1 2.2 1.3 1.2 1.5  1.6 
H 

(a) Wing and  body. Model A. 

.c3 .. . . .  . .. 
. .  

.c2 

.Ol 

0 
-8 -9 1.0 1.1 1.2 1.3 1.A 1.5 1.6 

(b) Wing and iodented body. Model B. 

.3 

.2 

O h  

.1 

0 --* -9 1.0 1.1 1.2 1.3 l.& 1.5 1.6 
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(c ) Body zlone. Model C . 
.3 

.Z 

C h  

.1 

0 
8 -9 1.0 1.1 1-2 1.3 1.4 2.5 1.6 

Y 

(a) Body with bun?.  Models D and E. 

F igxe  6 .  - Variation of total drag  coefficient with Nach nmber f o r  models 
tested. 

A 



L I 

1.0 1.1 1.2 1.3 
M 

Figure 7.- Comparison of the  variations of to ta l  drag coefficient  with 
Mach number f o r  the models tested. 
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(b) Models of reference 2. 

Figure 8.- Coqarison of the beg-rise  coefficients for the models tested 
and the models of reference.2. 



4Q 

. 

. 
.w 
.om 

0 
0 

( E )  Roll angle of Oo ~t M = 1.50. 

(b) R o l l  engle of g0 at  M = 1.38 or  ro l l  angle of 45O at  M = 1.50. 

( e )  Average for   ro l l   angles  of Oo, 45', and goo at M = 1.50. 

Figure 9.- Cozqarison  of the area  distributions of the wing-body conbina- 
t ions with and without fndentetion E?S obtained by oblique are2 cuts at 
supersonic Mach nmkers. - NACA-Lang:ey - 11-19-54 - l a 5  
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Delete your  name from this slip when returning  material 
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