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COlWARISON OF THE DRAG OF A 

FIN-S'iiILIZED BODY OF FEVOLUTION AND OF A C O M 2 U T E  

3y Robert I?. H m e l l  and Albert L. Braslow- 

A cmgarison of t i e  zero- l i f t   drag  coerf ic ients   a t  Mach numbers from 
0.81 t o  1.41 of a fin-s'talilized  parabolic Low of revolution  as measured 
S_n the Langley trznsonic ulmdown t-=el has been "de with  neasurenents 
0-btained i n   f r e e   f l i g h t  on a larger  but  geonetrically similar model. m-e 
absolute  values  of  drag  coefficient  ottaiEed  in the slotted.  vind tu-nllel 
were equivalent  to the free-flight  drag-coefficient  values cp to a Mach 
number of 1.4 when aqustments were made for   the   e f fec t  on viscous  drag 
of differences  in Reynolds number between the +x0 test conditions.  Excel- 
lent  agreerent was obtained between the two tests f o r  the pressure-&rag 
variation  with Mach number, regardless of whether the  scale   effect  on skin 
f r i c t i o n  w a s  considered.  Favorable agreement w a s  elso obtained between 
the  pressure-drag  increments due t o  the presence of the S t a L i l i z i a g  f i n s  
as d e t e m n e d   i n  the wine tunnel from fins-on and f in s  -off tests end as 
ob'tained  by a different  nethod  in free f l i g h t .  

Tests of a specific  airplane  configuration to  obtain an  indicatiozl 
of the problems involved i n  the construction and tests of  small-scale 
(approximately  7-inch  span)  complete  airplane  configuretiom  with  internal 
air flow indhated  that   re l izble   zero- l i f t   drag-coeff ic ient  rreasurements 
a t  Mach numbers up t o  I .k can ke  attained  k-ith  such models, provided  the I 

model i s  constructed vith a Mgh but  cot  an -wnreasonable degree of 
accuracy. 
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INTRODUCTION 

Direct  conparison of &ag characterist ics  heretofore  obtained  in 
s lo t t ed  wind tunnels w i t h  measurernats made i n   f r e e  flight have been 
limited by tine available Mach nunber racge  of  the wind tunnels used t o  
a Mach  number of about 1.15. Inasmuch as the Langley transonic blowdown 
tunnel  can  be  operated i n  the s lot ted  condi t ion  to  a Mach number of 
about 1.4, it was considered desirable to   obtain e. d i rec t  check of drag 
coefficients measured i n   t h i s  tunnel with  f ree-f l ight   resul ts ,   especial ly  
in   the  rznge of Mach nu?ber  betieen l.15 znd 1.4 because of tne r"oll0wing 
reasons.  First, it appeared  possible tht ref lect ions of model disturb- 
ances from the tunnel walls might  influence the nodel  characteristics 
a t  these Mach numbers even when the ref lect ions did not   d i rec t ly   in te r -  
sect  the mdel because of a possible  propagation of pressure  impulses 
ugstrem through the mo&l wake. Second, because a longitudiml  varia- 
t ion of Tree-stream Mzch  number e x i s t s   i n   t h e   h g l e y   t r a n s o n i c  blowdown 
tunnel a t  Mach numbers from zbout 1.15 to  1.4, it is  necesswy  to  apply 
a correction  to  the  drag dzta fo r   t h i s  buoyancy effect ,   the magnitude of 
which is dependent upon the model s i ze  and loca t ion   i n   t he  tumel. A 
nodel of a low-drag f in-s tabi l ized body of revolution w a s  used to  provide 
a careful  evaluation of the drag  characterist ics.   Zero-lif t  drag coeffi-  
cients of this body were measured i n  the Laq@ey transoncc blowdown tun- 
nel i n  the Mach  number r a q e  between 0.81 and 1.41 and the results have 
Deen compared with deta obtained on a larger   but   ident ical ly  shaged con- 
figuration in f r ee  f l i gh t .  

In addition,  consideration had keen given to  the  use of the  Lmgley 
transonic blowdown tunnel as a relatively  inexpensive,  quick, and reli- 
able mthod of obtaining  the  zero-lif t  pressure-d-rzg veriztion  with Mach 
number of specif ic  complete aircraft   configuretions.  Inasmuch es t h i s  
wind tunnel is only 26 inches between the flats of the octagoml test 
section, an investigation w a s  also =de to  determine  the  practical  prob- 
lems involved in   comtruct ion,  a t  the reqaired small scale,  of a typical  
a i rplzne  codigurat ion hav5n.g internal  sir flow a d  i n  d i n g  the  desired 
Eeasurements. These tests were Pade throl-igh a range of Mach  number from 
0.80 to  1.32. 

A area 

% t o t a l  d-rag coefficient,  Measured drag 

9Os 
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in te rnz l  drag coefficient,  
m(vo - vel (Pe - Po j -4, 
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net  drag  coefficient, CDT - f o r  body of revolution cDb 
or CW - CDi - CDb f o r  the  airplane  configuration 

pressure-drag  coefficient rise, CD - c%o=o .g 

increment i n  pressure-6rag  coefficient rise due to   the  fins, 

reference  area; maximm bo@- f ronta l  area for the 'OoQ of 
revolution (0.511 sa_ in . )   or  wing plm-fom zrea for   the 
airplane  codig-uration (13 sa_ in . )  

to ta l   l ength  of the b d y  of revolution 

loca l  nass flow, pVA 

mi mem i n l e t  mass-flow r a t io ,  
POVOAi 

Mach  number 

static pressure 

w m i c  pressure, 0 . 7 ~ ~ 2  

velocity 

body radius 

m s s  density 

Reynolds number based on length of body of revolution  or on 
wing nean aero-c chord of airplane model 

body longi tudinal   s ta t ion 
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MODELS, APPAMTUS, -4prD TESTS 

Models 

,he body.- The body shape tes ted is defined by t 

r = rrnax - a ( 0 . 6 ~  - 

where 

a = [  0.01097 per  in.; 0 C x C 0.01445 per  in. ;  0 . 6 ~  < 

A sketch of the body tested is presented as figure 1 where the  pertip-ent 
model  body and f i n  dimensions are sham. A photograph of the nodel is 
presented as figure 2. All of the  diltensions used in  constructing  the 
model were scaled down nlues of  those  gresented  in  reference 1 vhich 
contains a description of the model used for   the   f ree   f l igh t  tests. 

The i n i t i a l  model w a s  constructed of a polyester  resin  strengthened 
with glass   f ibers .  Tine f in s  were lost, however, d u r i q  t h e   i n i t i a l  test 
run Dresumbly due t o  f lu t t e r ,  End, subsequently, were reconstructed of 
a s t i f f e r  plastic material. 

Airplane model. - The airplane mckl tested was e. 1/52.6-scale model 
of 2. version of a specific  airplane, a configuration which would provide 
a c r i t i c a l  test of the  construction  problem  imolved. The ordinates 
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om.. used to  design the external shape of the model were scaled down frm 

mom- values measured on a Larger model of  the same airplane which was tested 

""m- Division. A l i n e  drawicz of  the  com"iguretion is presented i n   f i g u r e  3, 
om.. 

-m i n   f r e e   f l i g h t  a t  zero l i f t  by  tile  Langley Pilotless  Aircraft   Research 

and the  general dimensions are given i n   t a b l e  1. 
e 

e -  
m m- 
e m  
- m e  

The in te rna l   duc ts   a f t  of tlie twin air scoops were merged to  a com- 
mon duct of annular cross  section which exi ted a t  the base of the model. 
The dnh-utn  duct  area, which w a s  located a t  the base of  the model, 
amounted to  82.6 percent of t he   t o t a l   i n l e t  mea. 

The model was constructed ol" p las t i c  cast around steel i n s e r t s   i n  
the wing an-d tail and with steel ducting and  balance  shield  to  provide 
the required  s t i f fness  and strength  to  avoid  aeroelastic  deflection  end 
f l u t t e r .  Photographs of the a i n l z n e  model are presented as figure 4. 

Apparatus 

Both tine body of  revolution and the  airplane model were mounted t o  
single  -cmponent  inte-ml s train-gage  balances which were sting  supported 
i n  tne wind tunnel (f igs .  1 and 3 ) .  Tie body of  revolution was set at 
zero  angle of attack by use of a s e n s i t i v e   i n c l i n m t e r .  The a i r p l m e  
m d e l  was s e t  a t  close  to  zero l i f t  by adjusting  the  angle of a t tack 
until zero  vertical  aerodyr?anic momen-t w a s  recorded by a s t r a i n  gage 
attached to the sting some distance behigd the model. 

The base pressures  for  both m*ls were neasurred by imerting an 
open end  tube  through the center of the sting in to  zn open section of  the 
balame. In the case of the airplzne  configuration, a total-pressure 
r&e consisting of six total-pressure  tubes  (fig. 5 )  was used t o  masure 
the total   pressure of the  inter-ml flow as it exited from the model. The 
average  of these to ta l   p ressures   in   conjuc t ion   wi th   the  Eeesured s t a t i c  
pressure was used t o  determine the i n l e t  mss-flow rai;io znd the drag due 
to   the   in te rpa l  flow at  subsonic  speeds. At supersonic  sgeeds, the exit 
was choked, and the measured total   pressxres  determined  the s t a t i c   p re s -  
sure   that  w a s  used i n  the calculations. 

A 1 1  or" the measured pressure data were recorded  on  quick-response 
f l i g h t - t n e  pressure recorders. The drag  force  measurenents were recorded 
by photographing  self-balancing  potentiomters. 

Tests 

The tests were made i n  the Langley transonic blowdown tunnel. This 
tunnel has E. s lo t t ed   t e s t   s ec t ion  of octagonal  cross  section wi th  26 Cnches 
between f l a t s .  Previous  experience i n  tes t ing  models of tln-e sane s i z e   i n  
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.a . this wind tunnel has indicated  that  the model d r z g  forces are afTected 
- 0-0. by the  intersection of wall-reflected model disturbances  with  the  xodel .... i n   t he  Mach  number range between about 1.04 and 1-13.  Tcerefore, no 

0.. 0 I n  order t o  avoid  the  effect on drag due t o  a poss ib le   var ia t ion   in  

0 

o..... 
. a  

0 dmg &ta are presented  for this Mach  number  rannse.. 

0 .e 
.a 0 

location of the  bomdary-layer  transition  point,  both of the models were 
tested with  transit ion Tixed by rowhness   s t r ips .  These s t r i p s  were 
constructed by blowi-ng 0.001- t o  0.002-inch-diameter carborundum pa r t i c l e s  
on a s t r i p  of w e t  shellac.  For the body of revolutfon, a l/k-inch-wide 
roughness band was placed around the model 1 inch.behind  the nose  of the 
body. Tests were a l so  made w i t h  t h k  model snooth  to  determine  the  effect 
of roughn-ess on the  drag  level of the bo6y. For the  airplafie model, 
1/8-inch-wide  roughness s t r i p s  were placed on both wing surfaces 10 per- 
cent of the  local chord  behind  the wing leading  edge.  There was also a 
1/8-inch-wide band around the nose of the  fuselage  located 1/2 inch  behind 
the nose  boon-fuselage intersect ion  ( f ig .  3 ) .  No roughness s t r i p s  were 
applied to t i e  tail surfaces of either model. Lmsmuch ss t'se wetted  &rea 
of the tzil surfaces  influenced by possible  chmges  in  extent of l m i n a r  
flow w a s  small compsred to   t he   t o t a l  wetted area of the  entire  configura- 
t ion,   differences  in  the  extent of 1mim.r flow on tine tails would c w s e  
no s i g n i f i c m t   c b g e  io Vie viscous &rag of t'le models. 

The "jar portion of the   t es t s  of the fin-boOy coxbination was run 
at a reduced stagmtion  pressvre of 25 p s i a   i n  an effort   to  avoid  exces- 
s ive  f in   loads and  thereby  insure  retain?ent of the f i n s  for the  duration 
of the tests. After testic! was c m l e t e d  a t  25-3sia  stagnation  pressu-re, 
sme additional check test points were obtahed  a t  50-psia  stag-rlztion 
pressure. This higher  stagnation  pressure  afforcled better accuracy and E 
higher  ultimate test Mach number. A l l  the tests 02 the  bow wit'coLit f i n s  
were mde at  50-psia  stagnation  pressure. T!e tests of the eirplane con- 
figuration were made en t i re ly  a t  25-psia  s-lagrztion  pressure &s a result 
of the  s t ress   l imitat ions of the balm-ce used. 

The Reynolds number var ia t ion was between abollt 0.67 x 10 a d  
0.75 x 106 per   inch  for   the  25-psia   s tamtion-gressre   tes ts  and  between 
about 1 . 3  x 10 6 and 1 .4  x 10 6 per  inch for the  50-psia  stagmtion-pressure 
tests. Tne corresponding Mach nmker  ranges were between 0.74 an6 1.32 
for the 25-psia  stagration  gress-we an-d between 0.8 and 1.4 f o r  the 
50-psia  stagnation  pressure. 

6 

The drag dzta rneasured a t  Mach numbers greater  than  about 1.13 vere 
corrected  for buoyancy effects   resul t ing from longitudinal  gra6ients i n  
tes t   sec t ion  Mach nuTber. mis buoyancy correction was based 011 the model 
volume and the Mach  number gradients measured in   t he   t e s t   s ec t ion  wikh no 
Eodel present. 
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Eelow i s  e tabie of the  estimated maxinun overal l   error   in   the 
faired  curves f o r  the  indicated  permeters: 

CD f o r  - 
Eody or' revolution . . . . . . . . . . . . . . . . . . . . .  f O . O 1 O  
Airplane  configuration . . . . . . . . . . . . . . . . . . .  tO.0010 

M o a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.01 
C D ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to-0005 

C% f o r  - 

n?~/m, . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.01 

SoQ of revolution . . . . . . . . . . . . . . . . . . . . .  tO.005 
Airplane  configuration . . . . . . . . . . . . . . . . . . .  kO.0003 

liESuLTs -AND DISCUSSION 

Fin-Stabilized Body 

. 

The drag data f o r  the  f in-s tabi l ized body of revolution  are  pre- 
sen ted   in   coef f ic ien t   fom  in   f igure  6. Presented  are  total  drag  coef- 
f i c i en t ,  base &ag coefficient,  and net  drag  coefficient as a function 
of the  free-stream Mach nmber. The differences  in  drag  coefficient 
due to  placing  the roughness bar-d around the nose of the wind-tunnel 
model were mal1 and generally  within  the  scatter of t e s t  &ta. 

For  comparative  purposes, the  corressonding  drag  coefficients  as 
obtained from f r ee - f l i gh t   t e s t s   ( r e f s .  1 ma 2) are  also  presented  in 
figure 6 .  It should be pointed  out that the  f ree-f l ight  base  drag 
coefficients  presented  are  not those actual ly  measured on the  ?resent 
body shape. A cmparison of base  pressures  measwed 011 the  present 
body shzpe i n   f r e e   f l i g h t  w i t h  other  free-flight  base  pressure meas-me- 
nents  ilzdicated tha t  the  present  r"ree-flight  results were in   e r ro r ,  
probably due t o  the  er"fect on the  base  -pressure =as-urernents of an 
unintentiond  burning of e. residue of rocket  propellant. Hence, the 
bese pressure  drag  obtained from base  pressures measured in  f r e e   f l i g h t  
on anotlner body having an ident ical  afterbody a116 f in ,  and a different  
aose  but w i t h  no apparent  rocket  _Dropellant  residue in   the  model ( re f .  2) 
k s  bee=  used in  the  present  analysis. Th7-e differer-ce i n  base  drag 
measurements indicated  in   f igure 6 between the  wind-tunnel  and  free- 
f l i g h t   t e s t s  i s  believed  to be due primarily t o  the  effect  on the wind- 
t - m e 1   r e s u l t s  of the preserrce of the model support s t i n g .  This di f fe r -  
ence is not  considered  important,  hovever,  since i ts  magrdtude is 
generally small enough t o  be well  within  the combined accuracy of the 
two s e t s  of n;easu_red resu l t s .  

l" cozserison of the variation of the  pressure-drag-coefficient 
increment w i t h  Mach n-aiDer es obtaiaed from the txo t e s t  techniques i s  



gresented i n   f i g u r e  7 .  This incremnt,   as  presented, i s  tine drag- 
coefficient  increase a t  Mach numbers greater  than 0.8. As can be seen, 
very good agreement w a s  obtained between the  f ree-f l ight  and wind-tunnel 
resu l t s .  

The faired  net  cjr&g coefficients of the  fin-body  combination  as 
obtained from the basic data resu l t s  of the two tes t   t ecbdques   a re  
rep lo t ted   in   f igure  8. This figme indicates a Isrge  difference  in  the 
absolute  level of the  drag  coefficient  throughout  the Mach  number range. 
The Reynolds numbers  Tor the  f ree-f l igct  tests, however, were nuch 
larger  than  for  the  wind-twnel  tests - 30 x 106 t o  70 x 10' as cozgared 
with 6.8 x lo6 t o  7.6 x 10'. Inasmuch as the   f l igh t  Reynolds nunbers 
were large  enowh  to   resul t   in   turbulent  boundm-y-layer flow over  the 
rrajor pa r t  of tke  configuration  and  the  trEnsition  strips  insured tur- 
bulent  flow  over  the  wind-tunnel  model,  the  difference i n  drag  coeffi- 
c ient  is at t r ibuted  to   the  difference  in   turbulent   skin  f r ic t ion between 
the two tests. The wind-tumel  results,   therefore,  were adjusted by 
decreasing  the  drag  coefficients  an  mount  equivalent  to tl;e decrease i n  
turbulent  skin-friction  coefficient of the  cmponent parts of the con- 
figuration (body and f ins )   resu l t ing  from an  increase  in Reynolds number 
f rox the tunnel   to   f l ight   values .  The tu-rbulent skin-fr ic t ion data oI" 
reference 3 were used f o r  this edjmtnent  a t  each Y.hch n u b e r .  As indi-  
ca ted   in   f igure  8, tiie absolute  values of the  wind-tunnel &rag coeffi-  
cients  adjusted t o  the  f ree-f l ight  iieynolds cmbers  agree  very  well with 
f i e   f r ee - f l i gh t  measurenents . 

A further  indication of the correctness of the measured absolute 
level  of tne  wind-tunnel  drag  results  an5 t'nereby the  correctlzess of the 
Reynolds number adjustnent call be obtained from 8 cornparison of t'ne 
t o t z l  cirag c h r a c t e r i s t i c s  of the wind-tunnei model wi th  those of a very 
similar conf igura t ion   tes ted   in   f ree   f l igh t   a t  Iieynolds numbers about 
e q u l  t o  tl;e wind-tunnel  values  (fig. 9 ) .  This f ree- f l igh t  =ode1 (ref. 4) 
S f f e r e d  from the present  configuration by only a negl ig ib le   a f fe rence   in  
forebody  fineness  ratio. The nose f ineness   ra t io  was 7.50 for   the  wind- 
tunnel  Eodel and 7.13 for   the   f ree- f l igh t  mocel. No base  pressures were 
Eeasured on th i s   f ree- f l igh t  nodel, hence, the comparison of resu l t s  from 
the two test techniques can be ~2de on the besis of t o t a l  dreg  coefficient 
only. Eased on the  previous comcerison of base pressure  drags  (fig. 6 ) ,  
however, it would appear that the base pressure  differences  could be 
neglecte5  for  the  present  afterbody shape thereby  justifying  for this 
case  the direct comparison of  total   drag  coefficients.  It should be 
mentioned that  the  surface  condition of tine f ree- f l igh t  model w a s  such 
t h t  spa- difference i n  drag  coefficient due to  Possible l&nar f l o w  is 
believed  to be negligible. The comparison presented i n  figare 9 sub- 
s tan t ia tes   t i e   p rev ious   resu l t s   in   tha t  agreement was obtained  betveen 
the ebsolute  values of  drag  coefficient  neeswed FE free f l i g h t  znd i n  
the wind tunnel in   addi t ion  t o  agreement in   the  valws of pressure-drag 
coefflcient if the Beynolds number e f fec t  i s  accounted f o r .  



The increzent  in  pressure-drag  coefficient d E  t o  the presence of 
the fills LYZD~ is presented  in  f igure 10 as a function of Mach number. 

Presented  for  cmparison are sme unpublished resu l t s  as obtained i n  
f ree   f l ighc  by a somevhat d i f fe ren t  teclhrdque. This technique  involved 
xeasurexent of the  drag of fin-stabilized  cone-cylinder combinations sad 
calculations of the  pressure  dreg  associated with the cone. Excellent 
agreement was obtained  except i n  the  speed range near Mach number 1.0 
where sone small differences  in  f in  pressure  drags are indicated. 

Aimlane Model 

The results of the  investigation of the  1/52.6-scale  airplane model 
are  presented in   coe f f i c i en t   fom as a function of Mach  nuznber i n   f i g -  
ure II. Tne faired net-drag-coefficient  curve i s  reproduced i n   f i g - u e  12 
for  conparative p-uzrposes . Presented also are the subsonic  net  drag coef - 
f i c i en t s  of an  earlier  version of the  airplane as rnessured in   the  
Iangley  8-foot  transonic t m e l  and fn the   kn&ley low-turbulence  pressure 
zunnel. The low-turbulence  pressure--lunnel results hsve  been heretofore 
mpiblished. !ill tk wind-tunnel data have been  adjusted as previously 
described  for Reynolds nmber  effects  to  correspond  to  the  free-fl ight 
datE?, which are   a lso  presel l ied  in   the same f i g w e .  The configuration used 
in  these  previocs  wind-tune1 tests had essent ia l ly   the same wetted  area 
as the  present  configuration  but a somewhat different  longitudinal  area 
developnent. The subsonic  or  viscous  drags  should be comparable, there- 
fore,  whereas the  pressure-dreg  variatfons  with Mach  number should  not 
necessarily  correspond. 

A l l  %he wind-tunael  subsonic  drag  coefTicients  presented  appear t o  
be in   agrement .  The estimated value of subsonic  skin-friction drag 
coefficient based on a f l a t   p l a t e  mea equivalent t o  the cocyiguration 
wetted area is  s l igh t ly  lower thac the measured wind-turnel  values  as 
would be eqec ted .  The reason  for -L1e higher  values  of subsol.lic drags 
obtained i n  Tree f l ight   as   cmpered w i t h  the wind-tunnel and estimated 
results is not understood. 

A t  supersonic  speeds, the drag  coefficients  obtained frm t'ae wind- 
t m e l   t e s t s  and ad,justed to  the  free-fl ight  values of Reynolds number 
were greater  t b  those  obtained i n   f r e e   f l i g h t .  Mter the  wind-tunnel 
t e s t s  were complete,  measweTents were made t o  check the  area development 
of t he   emf igca t ion .  A corcparison  of tnese  EeasEercents  with the design 
area  develog%ent as ob-kined from measurements of the  f ree-f l ight  model 
i s  presented in   f i gu re  13. The indicated  increases  in  cross-sectional 
area of the  wind-tunnel model were foun15 t o  r e su l t  from increased  thick- 
ness of the wing and tail  surfaces as w e l l  as Tram a s l ight   oversize   in  
 elag age d ime te r .  -4n average  difference of 0.006 inch  in  the ordinates 
of the two xodels i s  the  error  required  to  account  for  the  xeasured dif-  
ferences ilz cross-sectional &rea. From a consideration of the  t rmsonic  
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pressure-6rag  correlation of reference 5 as w e l l  as the increzsed wing- 
end tzil- tr ickness  rs-i io,  it can be concluded that  the  differences  in 
Eodel ordimtes can- easi ly   accomt for  the  differences i n  sunersonic  drag 
levels  obtained between the wind-tun-n-el and free-f l ight  tes-LE. 

Taese results  therefore  icdicate "?!.e necessity  for  maintaining  the 
mociel ordinates  to a tolerance of less  than 0.006 inch. Such a tolerance 
zppears entirely  reasomble Cnrough the use of fenale  temglates  during 
the   f ina l  check of the model contour. It appears, then, that specif ic  
a i rp lme  niodels 'having  wing spans of about 7 inches can be constructed 
in   su f f i c i en t   de t a i l   t o  permit reliable determimtion  in  the Langley 
transonic blowdown t m n e l  of the  variation of zero-lif t   drag  coefficient 
with Msch  number  up t o  a Mach  number of about 1.4 w i t h  a re la t ive ly  low 
cost . 

A comparison of the  zero-lift  drag  coefficients a t  Mach numbers from 
0.81 t o  1.hl of a fin-stabil ized  pargbolic body of revolution as measured 
i n  the Langley transonic blawdm- tunnel h s  been -de w i t h  neasurements 
obtained i n   f r e e   f l i g h t  02 a l m g e r  b7-A geometrically  similar model. The 
zbsolute  values of drag  coefficient  obtained i n  the   s lo t ted  wind tunnel 
were equivalent  to  the  free-flight  &rag-coefficient  values  us t o  a Mach 
number of 1.4 when adjustments were =de for the   e f fec t  on viscous  drag 
of dLfferences i n  Reynolds number between the two test conditions.  Excel- 
lent  agrement w e s  obtained between the b - o  tests  for  the  pressure-drag 
m r i a t i o c  w i t h  Mach nunber regardless of whether the  scale   effect  on skin 
f r i c t i o n  WES considered.  Favorable  agreement w a s  also  obtained between 
the  pressure-drag  increments due to  the  presence of the  s tabi l iz ing  f ins  
as cietedrred  in   the wind tunnel from fins-on and f im-of f  tests and as 
obtained by a different  nethod i n   f r e e   f l i g h t .  

Tests of a speci.'ic airplane  configuretion t o  obtain  an  indication 
of the problems involved i n  the  construction and tests  of  smzll-scele 
(approximately  7-inch s p ~ )  complete airplazle configwetions  with  internal 
a i r  flow i d i c a t e d  t'ht reliable  zero-lif t   drag-coefficient measurements 



at  Mach nmbers up to 1.h can be et-kkined w i t h  such nodels, provided 
the model is constructed with a high but not an unreasonable degree Of 
accuracy. 

Langley Aeronautical Taboratory, 
National Advisory Camittee for Aeronautics, 

Langley Field, VEL.,  August I, 1955. 

Robert R. Howell 
Aeroneutical  Reseerch  Scientist 

Albert L. Braslow 
Aeronautical  Research  Scientist 

g/f$p-cBu+ E ene C. Dreley 

Chief of Pal-Scale Research Divisiok 
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Reor view 

Figure 1.- Diagrammatic skeLcl1 showing model as mounted i n  w i n d  tunnel. 
All dimensions a r e  in inches. 
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Figure 2.- Photograph of t he  :Fin-stabil.ized model. L-86628.1 
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FLg-ure 3. - Line drawing of the airplane con:riguration tes ted .  
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(a) Three-quarter view from above model. 

Figure 4. - Photographs of airplane model. 
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(b) Plan  view. 
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( c )  Side view. 

Figure h . - Concluded 
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Zigure 6 . -  *ro-lif% drag-cceffizient vzriation with fkch nunker f o r  a 
Fin-stzbilized body of revolution cs o-ateined from measurements in a 
slotted wind t unne l  a d  ir free flight. 
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Figure 7.- Comparison of drag rise as obtained from wind-tunnel and free- 
f l i g h t  data as a function of Mach number. 
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Figure 9 .  - Comparison of total. drag coefficient as obtained from wind- 
tunnel and free-fllght  tests.  Data unadjusted for base pressure 
differences. 
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Figure 10.- Drag rise of :rims and  fin-body  interference as a function  of 
Mach number. 





(3 Lpngley 8 -foot irarsonic tumel 

Lzgiey iow-tmbuience pressure tumel J 

X Estimated  free-flight skin-friction drag  coeffidext 

3 data adjmted to 
free -right R 
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Free-sirean Mach cumber, M, 

7 .  flgxe 12.- Corqarison of the net-drag-coefficient vzriation with  Mach 
naxber 03 the airplme configurrtion as o3tained w i t h  different test 
facilities. 
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I Measured area development 

Figure 15.- Design and  measured longitudinal  mea development of the 
airplane  configuration  tested. 
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Tail-Wing-Fuselage Cmbimtions 
Pdrplanes - Specific Types 

- Airplanes 

Number 

1 - 3  
1.7.1.1.3 
1.7.1.2 

Tne zero- l i f t  Ckag chzracter is t ics  of a f in-s tabi l ized body of' 
revolution and of a specif ic  aiqdm-e configuration es obtained i n   t h e  
Langley trensonic blowdown tunnel a t  Mach  n-umbers between 0.81 and 1.41 
hzve beerr compred  with  the  drag measurements of geometrically sMlar 
models obtaized i n  free f l i g h t .  Tre results  obtained 011 the body of 
revolution  indiceted that agreement  can  be  expected between the  absolute 
vzlues of drag  coeff ic ient   xeasured  in   f ree   f l ight  end i n  the wind tunnel, 
in   addi t ion  t o  agreement of the  values of pressure  drag i f  the  effect  on 
skin f r i c t i o n  of al?y difference i n  Reynolds number between the two t e s t  
methods i s  considered. The results also  indicated that the variation 
of zero- l i f t  cbag coefficient w i t h  Mach number or" specif ic  airplanes can 
be determined re l iab ly  i n  the Lagley  transonic blowdo-,, t m e l  if the 
small (approximately  7-inch  span) models required  are  constructed  with a 
high bGt not m u_nreasollzble degree of accuracy. 
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