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AN EXPLORATORY  TIG GAT ION AT! A MACE NWBER OF 6.86 

By Jim A. Penlmd,  Herbert W. Ridyard, 
and David E. Fetteman, Jr. 

Aq inves-ligatior_ to determine  the l if t  , drag, and s ta t ic   longi tudinal  
stabil i ty  charracterist ics of an airglane  configuration having a trapezoidal 
w i n g  with nodified hexagonal a i r fo i l   sec t ion  and 5O semiangle wedge t a i l  
sections has been czsried out i n  the Lengley =-inch hypersonic  tunnel. 
Tine t e s t s  were m a d e  z;t a Mach  number of 6.86 and Reynolds numbers of 
343,000 and 566,000 based on will-g mean aerodyrmic chord.  Data were 
obtained fo r  angles of attack up t o  about 280 f o r  the complete airplane 
co-?r"igurztion and up t o  about 14O for the body alone, the body-wing  con- 
figuration, =-d the body-tail  configuration. 

The abcrafft  configurations  previously  investigated  experinrentally 
at hypersonic  speeds have beer- res t r ic ted  mainly to  missile  types which 
were not r eqdred  t o  be able  to land and which, thsrefore, had relat ively 
small w i n g s  or  wings of very low aspect  ratio. The purpose of the pres- 
ent  investigation was to   deterdne  the  character is t ics  of a configuration 
conf'orning more closely Lo a  piloted  Lrcraft   havips E wir!! area sufft- 
c i e r t  f o r  conventional  landing. O f  the  verious  possible  configurations, 
one was selected f o r  t h i s  explor&tory study w h i c h  was expected t o  have 
sat lsfectory low-speed characterist ics and satisfactory  transonic char- 
ac te r i s t ics .  This  configuration  (fig. 1) employs a trapezoidal wing and 
the arrangement, in  general, is similar t o  conventional  airplenes. T m  
pmticulm  features  vere  incoqorated which are  believed  to be desirable 
for hypersonic  operation - re lat ively  large feadFr?g-eCige radii f o r  both 
w i n g  m d  tai l ,  and wedge-shaped sections  for  the t a i l  surfaces. The large 
leadin&-edge radius is essent ia l   in   order   to  keep the  heat-transfer  r&es 
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witnilz feasible l inits ,  and the wedge t a i l  sections were selected  to  
provide the  desired t a i l  effectiveness With ta i l  surfaces of  conven-bional 
size  (ref.  lj. 

Six-comgonent deta have been obtained  both  for  the  coaplete  airplane 
configxmtion &mi f o r  the various components tested. This report   pesents  
the drag, and pitching-moment data w i t h  a x i n h u  of anelysis  in 
order t o  expedite  release of this information. 

SYMBOLS 

ikag coefficient , D/qS 

lift-drag ra t io ,  CL/$ 

Dttching-mment coefficient, nose-up mnent  gositive, ~ ' / q s E ,  
monent reference at 54 percent of the wing xean aerodynamic chord 

normal-force coefficient, N/qS 

dlstmce  fron nose 30 center of  pressure,  percent body lergth 

rzte of chenge of pitching-xoment coefficient with normal force 
coefficient 

l i f t  

drag 

pitching mmen-k 

n o m 1  force 

free-stream dynamic pressure 

t o t a l  w i n g  area  including body intercept 

body length, in. 

wing chord 

wi-ag  mean aerodyramdc chord 
P .  . . 

_ .  



3 

C t  t a i l  chord 

M Mach  number 

Y 

R Reynolds nmber  based on wing mean aerodynamic chord 

a angle Of attack measured between body center  l ine and r e h t i v e  
vind, deg 

Models 

The  znodels used for   the presen-i tests consisted of a complete 
model ( f i g  . 1) , e body alone,  a body-wi-r?g cmbinat  ion, end a body-tail 
conbinatioo.  Details  concerning the a”e model axe given in   the  
three-view  draving (f ig .  2), i n  the  sketches of tlrle a i r fo i l   sec t ions  
( f ig .  3) ,  and in the  table  of geometric cheracterlst ics  ( table I). The 
wing  znd ta i l  sections were designed  with  large  leading-edge redii because 
of heat”trans2er  considerations at :dgh Mach numbers.  The w i n g  leadirg- 
edge radius,   for exanple, would be  approximately 1.5 inches at the wing- 
fwel&ge intersect ion  for  a fu l l - s ize  airplane having a wing span of about 
28 feet .  Inasmuch as the  effectiveness of l i f t ing   sur races  having a r”1a-t 
plate  o r  conven’cional airfoil  sections  decreases  considerebly  wlth Mech 
nurber a t  high  supersonic  speeds  (ref. l), the  effectfveness of t a i l  sur- 
faces of conve”tiona1 size  uti l izi l?-g  these  airfoil   sections would be ram- 
g i n d  o r  insufficient at t’ne  Mach nunber of the  present  tests.  Several 
types of t a i l   a i r fo i l   s ec t ions   t he re fo re   a r e  being  considered ur-d the 
preseat  results were obtained with EL 5 O  semiangle wedge section. A photo- 
g r q h  of the complete model cor?figuration  installed  in  the  hngley l l - imh  
hy-personic tunnel (M = 6.86 nozzle) may be  seen in figure 4. 

Wind Tunnel 

The t e s t s  were conducted in the Langley 11-bch hypersonic blowdown 
tunnel.  This  tunnel is  equigped with a single-step two-dimensional nozzle 
constructed of Invm. The nozzle is designed by the  mthod of character- 
istics with  a  correction made for boundasy layer ami operates  at an average 
Mach  number of 6 .  %. The duration of’ each run was about 80 seconds,  and 
the  variation of t es t   sec t ion  Mach  number with time is negligible after 
the first 15 seconds oZ rwming t h e .  This  co-mtmt Mach  number ?low 
made it possible  to  obtain  forces  for  several  angles of atteck  during 
each run. The model was held at low angles of a t tack  for   s tar t ing an0 
stopping  the  runs  in  order to minimize shock loeds on the strain-gage 
balmce which supports  the model. Further  details concerning the  ll-inch 
tunnel  install&ioo may be  found in  reference 2. 
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Strain-Gage  Force  Balances 

NACA RM L54LOTo 

Six-coixponent force and moment neasurements were made by  neans of 
two strain-gage  balances.  Five  conponents,  including n o m 1  force,  side 
force , pitching nomect, rol l ing moxent,  and  yawing moment were measured 
on a balance mow-ted inside the model.  Tne s ixth coxponent, chord force, 

ob%ained on a t-m-coxgonent external  balance measuring  normal force 
sad chord force. The  model  was attached  to the balmce and the variation 
of angle of attack was accomplished by rotating  the  balance and nodel 
through tine desired  sngle,  thus keeping c o n s t a t  geoxetry between model 
&ad balance for all cocditions . 

Schlieren Systen: 

A n  off-axis,  single-pass, two-mirror, schlieren system u t i l i z i r s  
a xercury-vapor l igh t  source was used fo r  all tests.   Schlieren photographs 
were recorded on stazldmd  panchromatic film exposed f o r  approximately 
3 microsecocds. These photographs were obtained at each tes t   go in t  and 
were used t o  rteesu_re the a l e  of attack or' the model for e l l  t e s t s .  The 
accuracy w i t h  which the angles of attack were Eeasured was within O.lOo. 

TESTS 

Tests were made at  stagnation  pressures of 20 and 33 atmospheres 
absolute. The stagnation  terrper&ture was maintained at &n average  value 
of 675O F t o  avoid a i r  liquefaction  (rei'. 3 ) .  These conditions  correspond 
t o  Reynolcs numbers of 3k3,OOO and 566,000 based on the nean aerodynamic 
chord  of  the w i n g .  The absolute humiclity was kept t o  l e s s  enan 
1.87 x 10-5 poxnds  of water  vapcr  per gou-nA of dry a i r  f o r  a l l  tests. 
Because  of the load  limitations of the five-component balance  used, some 
of the  preseEt tests were conducted at the reduced stagnetion pressure. 
The -gitching-mor:.ent and center-of-pressure data therefore were obtained 
for   the cornplete airplaae and its cmponents a t   the  lower Reynolds num- 
ber of 343,WO. L i f t  and dra& deta xere  obtained for   the complete air- 
plm-e and its components at a Reynolds  nufiber of 566,000. L i f t  and drag 
data. were also  obtained  for  the corcplete airplane at a Reynolds number 
of 343,000 fo r  coxparison  purposes. 

L i f t ,  drag, and pitching moment were obtained fo r  angles of attack 
up t o  about 280 for the complete airplane  configuration and up t o  about 
14O for t i e  body-alone, body-wing, and body-tail  configurations. 
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The experimental aerodyndc   cherac te r i s t ics  of the models are 
tabulated  for each  angle of &tack  in  teble 11. The variations  vith 
-le of attack of  the aerodynsmic characterist ics,  a, CD, L/D, C,, 
md xcp f o r  the corzplete airplane  configuretion an& its components are 
presented in   f igure 5 at a Mech  number of 6.86 for  Reynolds nunbers 
of 343,006 and 566,000. As noted  previously, l i f t  and drag t e s t s  were 
mede et both Reynolds numbers only fo r  the comGlete airplane. The resul ts  
of these  tes ts  which are  presented in figure  5(a) show l i t t l e  effect  of 
Reynolds nmber on  and Q; however, a small increase in  maxima L/D 
with increasihm  Rep-olds number is  indicated.  In  figure 5 the  %est data 
show very l i t t l e   s c a t t e r ;  however, sone erratic  tendencies  me shorn f o r  
the  veristions of center of pressure  at  angles of attack lower thzn 5 O  
at which considerable  sca%ter  in  the  data  resulted iYom inaccuracies  in 
the measurement of the snell quantities. I n  figure 6 typical  schlieren 
photogrephs are shown of the complete model at various  angles of attack. 
Schlieren photogrEphs 03 the body-wing, body-tail, and body-alone con- 
figurations are s l ~ o ~ m  in   f igure 7. 

The er"fect of the compocents of the   a i rn lme on the aeroaynamic char- 
s c t e r i s t i c s  are presented in   f igures  8 t o  12. As expected et hypersonic 
speeds, a lmge  portion of the l i f t  of  the complete model (30 percent) is 
coctributed by the body alone.  (See f ig .  8.) The gceater  portion of the 
remaining l i f t  i s  contribcted  by  the wing. The lilt contributed by the 
t a i l  is considerably  greater at higher anrlgles of attack Then  Vie tdl is  
combined w i t h  the body than when the tsii is combined with tne body and 
wing. 

In  f igure 9 It nay  be seen tha t  E t  angles of attack  near  zero, the 
dreg of the body-wing and body-tail  configurations w e  the sane, indi- 
cating that the drag contributed by the wing md the t a i l  are  about equal. 
Furthemore, it appears that   the  drag of the body, t i e  -wing, and t h e   t a i l  
each contributed  approxhately <ne same proportion of t he   t o t a l  ninimum 

The rraxinm measured value of the  l if t-drag r a t i o  of t'ne comglete 
model was 2.36 at a Reynolds number of 566,000. Contributing  factors to 
this re la t ive ly  low lifi-drag r a t i o  were the blunt  leding-edges  md  high- 
drag wedge ta i l  sections. 

In   f igure ll the  curves  for  the complete model and b d y - t a i l  con- 
figurztion show a stable  variation of pitching-monent coefficient with 
angle of attack, whereas those  for  the body and body-wing configurations 
show an -astable  variation. 



The var ia t iors  of center of pressures  for the four  configurations 
(Pig. 12) indicate small reaward  mvenents  with  vlgle of Etteck,  with 
the complete nodel having the more nearly  constmt  trend  with a. 

The M g e  contribxkion of t2e  horizontal t a i l  surfaces t o   t h e   s t a t i c  
locgitudinal  stabil l ty  of  the  nodel  my be seen from the  curves of f ig-  
ure 13, which show the  variation of the pitching-monect coefficiect  with 
noml-force  coefficient  for the coiqlete meel md for  the body-wing 
combinstion. 

The m i a t i o n  or" the static-longitudinal-stabil i ty parameter ?3C,/aCN 
w i t h  normal-force coefficient  for  the complete Eodel and the  body-wi 
configuration i s  presented in   f igure 14. For the  conplete model aJaCN 
varies from about -0.14 at & = 0.1 t o  about -0.30 a t  CN = 0.8. Below 
c~ = 0.1 the curve elrqibits  the  unusual  tendency of beconring nore neg- 
a t ive with decreasing CN. Tats tendency  follows  fron  the  reversal of 
curvature or" the  pitching-=anent  variation w i t h  normal force shown i n  
figure 13. A comparison of the curves of figure 14 shows that; there i s  
a constznt  dif'ference bekween the curves of the body-wing configuration 
ana the complete nodel  equal t o  about 0.25 a&/a% for  values of cN 
above 0.1. T h i s  constant  difference  corresponds t o  a movement  of the  
neutral  poifit between the bofiy-wing configuration and the complete model 
O f  asproximately 25 percent of the wing mean aerodynamic chord md repre- 
sents the t a i l  contribution to   t he   l ong i tud iml   s t ab i l i t y  parame- 
ter  &',/a%. 

Laagley  Aeronautical  Laboratory, 
PJ&ional Advisory Cormittee for  Aeronautics, 

Langley Field, Va.,  December 1, 1954. 
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TABLF: I.- GEWTRIC CHABAC!T~ISTICS OF MODEL 

wing : 
Area (including  area submerged ir? fuselage). sq . i n  . . . . . . .  6.24 

Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . . .  1.713 . 
span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.33 

Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  2.53 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  0.354 
Airfoil  section . . . . . . . . . .  hexagonal  with round leading edge 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.140 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  3.00 
Sweep of leading edge. deg . . . . . . . . . . . . . . . . . .  38.83 
Sweep of c/4  line. deg . . . . . . . . . . . . . . . . . . . . . .  29 
Incidence at fuselage  center  line. deg . . . . . . . . . . . . . .  0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Geometric t w i s t .  deg . . . . . . . . . . . . . . . . . . . . . . .  0 

Horizontal and v e f i i c a l   t a i l s  : 
Area (including area submerged i n  fuselage). sq i n  . 
Span.in . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. i n  . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . . . . . . . . .  
Tip chord. i n  . . . . . . . . . . . . . . . . . . .  
Airfoil  section . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . . . . . . .  
Sweep :of leading edge. deg . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . .  

. . . . . .  2.06 . . . . . . .  2.69 . . . . . .  0.853 . . . . . .  1.214 . s 0.317 
50 semiangle wedge . . . . . .  0.261 
rn . . 3.52 . . . . . .  22.63 . . . . . . . .  0 

Fuselage : 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.50 
Maximum diameter. i n  . . . . . . . . . . . . . . . . . . . . . .  0 . 7 9  
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  9.50 
Base diameter. i n  . . . . . . . . . . . . . . . . . . . . . . .  0 . 7 9  
Distence frm nose t o  moment reference . . . . . . . . . . . .  3.950 
Ogive nose length. i n  . . . . . . . . . . . . . . . . . . . . .  2.29 
Ogive radius. i n  . . . . . . . . . . . . . . . . . . . . . . . .  6-85 
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TABU 11.-  AERODYNAMIC CHAFIA~I~ICS OF mE MODEL 

ITS CWONWTS KC M = 6.86 

F 

(a) !Pm-Cmponenl; Balance Data 

0.21 
1.36 
2.31 
3.56 
JI .40 
5 .11.1 
6.41 
6.43 
6.48 
" 

7.38 
8.40 
8.115 
0.46 
9.43 
10.115 
10.46 
12.61 
12.63 

0.0038 

.0381l 

.Oh55 

.0622 
,0020 .u1 
.110 
.mi 

3.31 
*313 
.385 
.382 
.I161 
.539 
*537 
,623 
,714 
.80 - 

0.132 
.154 
. g o  
A 3  
177 
.a2 
.201 
*a5 
.260 

0.03p 
039 .d+m 
.0440 
0473 

.a512 

.a629 

.&19 

.0616 

C q M e  mode: - 
0.30 
1.28 
2.25 
2.20 

.. . 

0.062 
.493 
.9%2 
.925 

1 1.118 
1.24 

40% 

6.33 
6.115 
7.35 

5.113 
0.15.15 

.1629 

.a67 

.2pn  
-3321 

0.0694 2.26 
.072h e.25 
.ogig 2.36 
.1164 2.32 
~ 4 5 6  2.28 

0.0365 
. O S 5  
. a22  
,0415 
A 6 8  
0507 

0.0023 
.01~g 
0309 

.058Jc 
a579 . om0 3.33 

4.35 

0.08 

4.06 
2.oa 

-0.oOoEl 
.0078 . ole1 

o.ol?g 
,0152 
.0166 

.OW 1 1.75 1 1  12.31 
0.0%~ 1.46 10.20 

.02% 1.91 14.20 

I = 566,000 
..I 

R Y 

0.0557 1.760 
.o664 1..860 
.m7 1.m 

0.13 

4.35 
2.23 

0.0041 
.032 .a506 
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TABU 11.- AERODYNAMIC CAARA(;TMIS.l!ICS OF THE M O D n  AND ITS 

CCMPONENTS AT M = 6.86 - Concl.uded 

(b) Five-Component Balance Data 

I" "" """ I1 I I r 

Complete model.; R = 343,000 

Body alone; R = j43,OOO 

-r--- 

46.3 
47.4 
48.2 
48 .a 
49.2 
49.7 - " " 

0.13&2 
.16@ 
.2003 
.2m 
.2621 
.3028 

- 
0.12 
1.08 
2.02 
3.03 
3-93 
4.98 

" 

0.0545 
0767 
.lo20 
.I290 
.1609 
.20  30 

-0.0~05 - 0285 - .03m 
-.mu 
-.0678 - 0897 

17.68 
19-55 
21.50 
23 & 
25 35 
27.30 

61.3 
61.2 

61.8 
62.3 
62.8 

61.4 

0.0002 
,0089 
.ox63 
.024 0 
0345 
.Oh38 

5.92 

11.87 
13.02 
15 70 

.- 
0 
0 
0155 

,0289 
0325 .&il 
.0117 

U.18 
14  .23 
16.03 
18.13 
20.12 
a -13 

0.0311 
0339 
.0348 
-034.8 
,0342 
-0263 

h9.2 
49.7 
50.2 
50-7 
51.0 
51.8 



L-86688 
Figure 1.- Photograph of complete modei. 
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Figure 2.- Three-view  sketch of wind-tunnel model. A 1 1  dimensionc; i n  
inches. 
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(a) Wing. 

.OO7 in. rzdius 

(b) Horizontal snd   ve r t i ca l  tails. 

Figme 5 .  - Wing end tA.1 a i r f o i l   s e c t i o n s  used on model. 
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L-86712 
Figure 4. - Installaxion of model in the Langley 11-inch hypersonic tunnel. 
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(a) Complete  model. 
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Figure 5.- Experimental  variations of the  longitudinal  chzracteristics 
the model and i ts  components with zngle of attack. M = 6.86. 
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hngla 32 attnck, C. dag. 

(b) Body alone. 

. 

Figure 5.- Continued. 
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( ci) Body-tail  co&igurat ion. 

Figure 5.- Concluded. - 
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L-86488 
Figure 6.- Typical schlieren photographs of coEplete-model codiguration. 
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J A 
Bociy-".ail coSigura'cion; a = LOo 

Bo@-dor?e configuration; a = 16O 

L-86489 
Figure 7.- Typical  schlieren photogrstphs of the body-wing, body-tstil,  and 

body-alox cor3igurctions. 

. 



Aqgle of attack, a, dag. 

* 
Figure 8.- The var ia t ions  of the lift coeff ic ient  with angle of attsck 

f o r  the  model end its cmponents. M = 6.86. 
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Angie of attack, a ,  de&. 

Figure 9.- The variations of the drag coefficient  with'  angle of a t tack 
for the model and its  components. M = 6.86. 



3.6 

3.2 

2.8 

2.4 

e GI 

.A 
0 

.la 
(d 
k 
M 
rd 

.L 2.0 

4 1.6 
I 
43 

rl 
Q 

GI 

1.2 

.8 

.4  

P-ngle of attack, a, deg. 

Figure 10.- Vzria-kion of lift-drag r a t i o  with angle of attack f o r  model 
and i ts  componezlts . M = 6.86. 
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Angle of attack, a, deg. 

Figure 11.- Variztion of pitching-moment coefficient  vith  angle of at tack 
f o r  model and its componer_ts. M = 6.863 R = 343,000. 
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Figure 12.- Variatiorr of center-of-pressure  location with engle of a t tack 
fo r  model and its components. M = 6.86; R = 343,000. - 
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Figure 13.- Variations of pitching-mment  coefficient with normal-force 
coefficient f o r  complete model and body-wing configuration. M = 6.86; 
R = 343,000.. 
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Figure 14. - Variation of the ststic-longitudinal-stability permeter - 
with  normal-force  coefficient f o r  cm-plete model and body-wirg configu- 
ration. M = 6.86; R = 343,000. 
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