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OF ROC-KET-PONERED MODELS AT "X NUMBERS 

BETWEEN 0.75 AXXI 1.78 

By Willard S. Blanchard, Jr. 

Low-lift drag end longitudinal trim date. ere presented  herein  for 
two versions of an interceptor-type  airplane,  the second of which had a 
slimmer nose  and E. thinner  tai l   than  the ffrst. "be data were obtained 
f ro= free-fligh-L t e s t s  of rocket-powered  Zodels a t  Mach nmibers  between 
0.75 and 1.78, end Reynolds nunibem between  about 5 x IO5 and 15 X 10 6 , 
respectively  (based on m e a  aero-c chord). %tE are  presented  for 
three models (co-lete,  wingless, end horizontal   ta i l less)  of the S i r s t  
version, and from one Eodel (complete configuretion) of the second 
version. 

I 

For both versions  tested,  the low- l i f t  longitudfcal t r i m  change was 
m i l d .  For t he   coq le t e  model of the first version  the  external drag 
coefficient  vEried f r o m  0.012 a t   s ~ s o n i c  sgeeds t o  about 0.043 a t  super- 
sonic  speeds. For the complete madel of the second version,  the  external 
drag  coefficient w c s  about the same as tbz t  of  the first version a t  sub- 
sonic speeds,  but wes 0.0035 loqer a t  M = 1.20, and 0.0080 lower rt 
M = 1.70. The drag rise f o r   t h e   c q l e t e  models of both  versions begcn 
a t  M = 0.93. 

Both the   coq le t e  and the horizontal-tail less models of  the first 
version  exhibited mild -wing f l u t t e r  a t  Mach nunhers  between  about 0.95 
and 1-10. T!he wing, ho-wever, did not structurally  duplicete  the  eirplane 
wing. The second  version,  vhich h d  E s t i f f e r  wing, exhi'oited no indi- 
cetions of f l u t t e r ,  and none of the mdels  reported  herein  exhibited any 
indication of bufffet during  these  tests. 
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INTRODUCTION 

The Langley Pilotless  Aircraft  Research  Division  has  conducted 
rocket-powered free-fl ight tests of models of two versions of an 
interceptor-type  airplane  configuration.  Tie  primry  purpose of these 
t e s t s  X B S  to  ascertain the drag and longitudinal t r i m  characterist ics a t  
low l i f t .  In  addition, however, some longitudinal  stabil i ty and pitch- 
damping data were obteined. 

The besic  configuration 'as conventioml i n  general  geonetry, and 
consistea  of a sk-ept vfng mounted l o w  on g. nose-inlet-type  fuselage. 
For the  purpose of the tests reported  herein, however, the nose i n l e t  
was faired  to  a point ahead of. the progosed inlet  location. The hori- 
zon ta l   t a i l  was nounted slightly below the  center  l ine of the fuselage 
base. The mdified  version  differed f r o m  the  or iginal   in  that the canopy 
WES sEller ,  the nose fafr ing w a s  slilnmer, and the  horizontal tail,  i n  
addition  to  being mounted lok-er on the fuselage, -vas on ly  half as thick, 
as vas the ve r t i ca l   t a i l .  Complete models of both  versions were tested; 
in  addition, e. wingless model and a horizontal-tailless rrodel of the 
first version were tested. 

SYMBOLS 

free-stream Mach nunber 

Reynolds rider based on =em serodynmic  chord 

mAel w e i @ t ,  lb 

ne= zerodynamic chord, 1.242 f t  

model  wing area (leading and t r a i l i ng  edges  extended t o  
fuselage  center  line), 4.56 sq f t  

chord force  coefficient, Chord force 
qs 

drag  coefficient, - Drag 
%S 

pressure-drag  coefficient 

r a t e  of chmge of drag  coefficient  with Mach number 
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normal-force  coefficient, Normal force 
qs 

CL lift  coefficient, - Lift 
qs 

cm  pitching-moment  coefficient  about the center of gravity, 
Pitching  moment 

qsE 

% pitching-moment  coefficient et zero lit 

% rate of change of pitching-moment  coefficient w i t h  angle  of 
attack, &&a,, Der  deg 

P period  of  the  short-period  longitudinal  oscilletion,  sec 

0 engle  between  model  reTerence  line  and  the  horizontal,  deg 

q = - - radians/sec, or dynanic  pressure, lb/sq ft 7 de 
57.3 at’ 

I 

6 = - - radians/sec 1 d a  
57.3 at’ 

cLa 

V velocity, ft/sec 

rate  of  change of lift  coefficient  uith  angle of attack, 
dCL/da,  per  deg 

t the, sec 

7 flight-peth  angle,  degrees  above  horizontal 

- per radia 

I A cross-sectional  area or aspect  ratio 
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2 model  length,  nose  to  fuselage  base,  in. 

X distance  measured  rearvrard  from nase, in. 

r radius,  in. 

=1/g  longitudinal-accelerometer  reading 

%/g normal-accelerometer  reading 

T1/2 time  required  for  the  short-period  longitudinal  oscillztion 
to danrp  to  one-half mplitude,  sec 

free-stream  static  pressure, lb/sq in. PO 

Pbase fuselage  base  pressure,  lb/sq h. 

MODELS 

Figures  l(a)  and l(b) are  three-view  drewings of the  complete models 
of' the first  and  second  version,  respectively.  Figures  2(a)  and  2(b)  show 
cross-sectional  areas of the  components of both  versions  plotted  nondinen- 
siomlly &gainst  fuselage  station.  Figure 3 shows  totel  cross-sectional 
are= of both verslons  plotted  dimensionally  against  fuselage  station  for 
direct  comparison.  Figures 4 to 7 ere  photographs of the  models,  and 
tcble I includes  geometric  dimensions  of the models of both  versions. 

As stated  previously,  the  models hed no  duct  inlet; t'ne fuselage  lines 
were  faired  to a point  ahead of the  proposed  inlet  location. Xach fuselage 
was  built  around a % - inch-diameter  steel  tribe wMch served  to  house  the 
sustainer  rocket  n;otor  and to secure  the  nose,  wing,  and  tail.  Each  fuse- 
lage  was of mahogmy with  the  exception of the nose, which was of fiber 
glass  with a heat-resistant  plastic  used  as EZ bonding  agent, ar,d the 
extrene  zfterbody,  which was an aluminum  casting.  The  sustainer  motors 
were  solid-fuel  rockets  developing  about 3,700 pocnds thrust  for 1 secocd. 

Each  Eodel was equipped  with  two smell rocket motors which  were  used 
to  disturb  the  model  in  pitch  at  preset  times  during  flight.  These  pulse 
rockets m y  be  seen  in  figure 5. 

The  vings  and  the horizontd and vertical  tails  were  svept 45O at 
the  quarter  chord  on  both  versions  of  the  model  tested, and were  mounted 
at  zero  incidence  with  respect.to  the  model  center l ines.  The  wingless 
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model vas equipped  with a 45°-SWePt, 3-percent-thick  stabilizing veatrsl 

es teb l i sh   l e te ra l   s teb i l i ty .  
.I f i n  of double-wedge section,  as  des'cribed in reference 1, i n  order t o  

On i3ne three models tes ted of the f irst  version, the wings and tzils 
were of mahogmy construction w i t h  aluminum spars. On the model of the 
secood version  tested,  the wing was so l id  aluminum, and the  horizontal 
and v e r t i c e l   t a i l s  were so l id  steel. 

For each of the models tested,  instrumentation  consisted of a  four- 
cbm-nel  telenieter.  In the complete  znd horizontal-tzil less models of  the 
first version, q w t i t i e s  Eeasured  vere  free-stream t o t a l  pressure,  nor- 
mal acceleratiQn,  1ongitudLnal  acceleration, and fuselage base pressure. 
In the  wingless  Eodel, a horizontel-tailvibrometer -vas substituted fo r  
the fuselzge  base  pressure. I n  the complete model of the second version, 
a horizontal-tzil  normal ecceleroaeter was substituted f o r  t he  fuselage 
bese pressure. 

TEST P R O C E D U ~  

The xodels were boosted t o  about M = 1.30 (except  the  wingless 
rn model, which w a s  boosted t o  about M = 1.80) by solid-fuel Dezcon rocket 

motors develophg  ebout 6,000 pouads average thrust  f o r  3 seconds. The 
sustainer motors  Eccelerated the models from about M = 1.30 to about 
M = 1.80, except  the  wingless model,  which had EO s u s t a h e r  motor. 
Throughout the  f l ights,  continuous  records  of a l l   quan t i t i e s  measured 
were recorded by two independent ground receiving  stetions. The models 
vere  tracked  in flight by two r a h r  sets, one recording  position  in  space 
and the  other  recording  velocity. 

A radiosonde was released  imnediately  following  each  flight, and 
transmitted  continuous  records of. atmospheric  density,  pressure, and  tem- 
perature  throughout  the  altitude  ranges  treversed by the model flights. 
The radiosonde  balloons were tracked by a rader set  and position data 
obtained  thereby were u t i l i zed  t o  deternine wiEd velocity  ard  direction 
throughout the altitude  ranges of the tests. 

METHOD OF AWYSIS 

All dztz. reported  herein were obtained from the  decelerating  portions 
of the flights where the models were separated from the  boosters and the 

number were determined  fro=  telemetered total  pressure,  radar  velocity 
date, a d  radiosonde  dzta. 

susteiner  rocket  no%ors.were not thrusting. Dynzslic pressure and Mach 

a - 
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Drag 

Total drag was determined  by two independent  methods. The first 
consisted of differentiation  with  respect to time  of  the  velocity  (as 
determined from radar  tracking,  and  corrected for line-of-sight) and 
calculation of total-drag  coefficient  by  the  relationship 

= -(E + 32.2 sin W CDtotal 

where q was besed on velocity  from  radar,  corrected  for  line of sight 
and for winds. 

The  second  method  consisted of calculation of the  total-drag coef- 
ficient  by  the  relationship 

There a l/g 'as determined  directly f r o m  telemetered  data  and C D ~ ~ ~ ~ ~  

was assumed eqml to CC since  the  model flex near  zero  lift. 

Externd drag was calculated  from the relationship 

wbere 

c - " *base - Phase 
%ESe S 9 

and  There ?base was measured  on  the  complete and horizontal  tzilless 
models of the  first  version, aad where (applicable 

only  to  the  wingless  model) was detemimd f r o m  reference 1. 
%tabilizfng  fin 
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Lift 

Lift WES determined  from  the  relationship 

where  Zn/g 'as obtzined  from  telemetered  data,  and CL was assumed 
eqml to CN since  the mdels flew  neer  zero  lift. 

Static  locgitudinal  stability  and  pitch  d-ing  were  determined  by 
the  methods  used  in  reference 2. . 

Accuracy 

Mach  nunber  Ioeasurements  are  felt  to  be  accurate  within 20.02; drag 
coefficient  within fO.OO1O; lift  coefficient  within kO.OO3O. The  figures 
quoted  are maximum probeble values, and in  generel  the  errors  &re  zppre- 
crably smller than  the  quoted  vzlues. 

DISCUSSION OF RESTILTS 

Fieynolds  number  for  the  tests  reported  herein  varied  from  about 
5 x lo6 at M = 0.75 to  about 15 x 10 6 at M = 1.78, as  shown  in  fig- 
w e  8. For the  complete,  wingless,  and  horizontal-tailless  models  of 
the  first  versi-on,  the  center of gravity  was  located 19.6, 16.7, and 
8.8 percent,  respectively,  behind  the  leeding  edge of the Eeen aerodynamic 
chord.  For  the  second  versioll  (complete model), the  center  of  gravity 
we6 20.6 percent  behind  the  leading  edge of tie  me811  aerodynamic  chord. 
Mess moments  of  inertia  in  pitch  were 7.42, 4. b7, and 6.75 slug-feet2 
for  the  comglete,  k-ingless, znd horizontel-tailless mdels of  %he  first 
version,  and 8.40 slug-feet*  for  the  complete  model  of t'le second  version. 

Longitudinal Trim 

Figures 9 end 10 present  data f r o m  the  present  tests  showing  the 
variation of the  trim  lift  coefficient  with  Mach  nulTiber for tine first 
and  second versiom tested. In figure 10, trim lift  coefficient is shown 
for the complete  models of both  versions in order  to  facilitate  direct 
conprison. For both  versions  the  law-lift trfh lift  coefficient  indi- 
cates  with  increesing Mach nuniber a trh change  consisting  of a noderate 



. 
nosing-szp tendency  between M = 0.90 and M = 1.00, a gentle nosing-up 
tenciency between M = 1.00 and M = 1.30, and e. gentle nosing-dovn 
ten&er-cy  from M = 1.30 t o  t9e highest Mach nunibers tested. It should 
be  noted tha t  e t  larger t a i l  deflections, the shape  of the t r i m  chmge 
mzy very drast ical ly  due tc changes in control  effectiveness aqd s t ab i l i t y  
w i t h  Pkch n d e r .  It is interesting  to  note  thzt  throughout the tested 
Mmh number renge,  an  increnent of rbout 0.04 exis ts  between the trim 
l i f t  coefficients  for  the two versions (c-lete models). The center- 
of-gravity  location m s  approxinately  the same for  these two models 
(19.6 percent  man aerodynamic chord for  the first and 20.6 percent  for 
the second  version, 8s noted  previously). This increment in  trim-lift 
coefficient is probably  caused par t l s l ly  by the  vertical  location of the 
horizontal   ta i l .  For the second version,  the  horizontal t a i l  vas located 
near the bottom or" the Fuselage, snd  heme 7,ras probsbly  sffected by upwash 
&ro-u& the bottom of the convergent  afterbody; the f i r s t  version had i t s  
horizontzl tail Located near  the  center  line of the afterbody. Another 
probable factor is the difference  in body nose slspe between the first 
and  second  versions. 

I 

Shovn 13 figure 9, in addition  to  data *om the present tests, are  
uqublished trim date  for complete and horizontal-tailless  sting-momted 
models of  the first version,  as  obtained  in wind-tunnel tests. Agree- J 

ment between the test   resorted  herein and these tu-me1 data is  f a i r  a t  the 
loxer Mach nrmbers, and good a t  the higher speeds, as can be seen in   f ig -  
ure 11. The tunnel-tested models were smaller than  the models of  the - 
t e s t  re;?orted  herein. 

Drag 

Total drag and chord-force  coefficients  are shown i n  figure 11 for  
a l l  three models of the first verslon. The dztz for  the model with no 
horizontal t a i l  (shoxn faired by Bashed l i n e )  are f e l t  t o  be questionable 
quantitatively  because of an apparent  longitudinal  zccelerometer shift ,  
End Ere presented  primgrily t o  give a qualitative  indicetion 02 drag 
increment  caused by the hor5zontal tai l .  Figure 12 shows base drag which 
is Epplicable t o  a l l  three models 02 the f i r s t  version,  and  stabilizing 
ventral-fin  drag, which is  appliczble  only  to  the  wingless model. Fig- 
ure 13 shovs drag  coefficrent  for a l l  three mdels or" the f i rs t  version 
as obtained from the  present tests, and in addition  unsublished data 
obtained from vind-tunnel tests of comparable models are  also shorn-. 
Agreenent  between the present  tests znd the tunnel data is fair. The 
present tests indicate tht  at subsonic speeds, increments  of drag coef- 
f i c i en t  czused by ei ther  the wing or   hor izonta l   t a i l   a re  &bout 0.0030; 
a t  sugersonic speeds, the incremnts ere about 0.0070 f o r  the horizontel 
tall, and &aut 0.0130 for  the wing. . L  



Sno-m i n  figure 14 are  total-drag uld chord-force  coefficients  for 
.. the complete  nodel of t'ne second version. Bzse dreg i s  shown i n  f ig-  

ure 15. Figure 16 shows dreg coefficient  for this model end fo r  the con- 
plete  model of the f irst  version, i n  order t o  facilitate direct compari- 
son. As cen be seen i n  figure 16, both models have 8 s ~ s o n i c  drag  level 
of  ebout 0.0120. The drag rise for  both  mdels,  besed on dCD/dM = 0.10, 
begins a t  K = 0.93. At El = 1.20, the  dreg of the second version i s  
0,0395 es compared t o  0.043 for   the first version. At M = 1.70, the 
values ere 0.035 and 0.043, respectively. Thus the  increnent in drag 
coefficient  indicates tha t  the second version has 0.0035 less dreg et  
M = 1.20, and 0.0080 less drag a t  M = 1.70. The increnent of 0.0035 at  
M = 1.20 is substantiated by figure 17(a), vhich shows both  calculated 
end meesured pressure h a g   l o r  the complete mdels of both  versions.  Fig- 
ure l7(e)  shows thet while the method presented in  reference 3 f o r  calcu- 
leting pressure drag does  not  yield a true indication oI" the magnitude of 
the pressure drag for  an  airplane of this  type, it does predict  the  incre- 
~ e n t  czused by sraz~ll changes,  such as those existing between the first and 
second versions  reported  herein. This occurrence i s  also noted i n  refer- 
ence 4. A s  shown i n  figure 1-7, agreement  between the increxent from the 
present   tes ts  and the increment  fro=  calculated  values is  excellent a t  
M = 1.20. Also show  in   f igure l7(a) i s  pressure &rag measured (see 
ref .  4) on a tested Sody of revoLution  having  area  distribution  eguiva- 
l en t  to t h a t  of the first version repor'ted here*. -Agreement between 

M = 1.20; the  calculated  value is  low by E. factor  of  about 15 gercent. 
In&ications similar to  those  discussed above (i.e., t h a t  the method of 
re f .  3 w i l l  predict changes in pressure drag brought  about by relat ively 
smll chvlges in   area  dis t r ibut ion)  have  been  observed on other similar 
(swept--ding) c o a f f ~ e t i o ~ ~ s .  It is interesting  to  note,  hovever, thst 
i n  the case of the tests  reported  herein, the increnent of pressure drag 
betveen the complete  nodels of the first end second versions a t  14 = 1.20 
crn also be e t t r ibu ted   d i rec t ly   to  the difference  in the thickness of the 
t e i l  swfeces af the two versions. The horizontal and v e r t i c a l   t a i l s  

- the bo*-of-revolution model end the calculeted pressure dreg is fair a t  

were 7 percent  thick on the first version, and 3$ percent thick on the 
second  version. 

Figure l7(b) shows celculated and masured pressure  drag  of the corn- 
plete  and wingless models of the first version,  along w i t h  uap&lished 
date   for  the ving  alone,  obtained  fro=  rocket-model tests of wings mounted 
on slim "spike" bodies. A s  c8n be seen i n  figure l7(b) ,  cdcula t ions  (by 
the method of ref. 3) do not  predict  the  pressure  drag  of either the com- 
plete  model or  the viagless model. However, it should be noted thet the 
pressure drag i s  more nearly  predicted  for the wingless mdel then  for 
the co-lete  Eodel. It is also sho-an i n  fi,we l7(b) that there i s  

since the nersured increment  of pressure drag between the comglete model 
and the wingless  nodel is  apgreciably less than the  neaswed  pressure  drag 

.. Eppsrently  sone  favorable  interference  effect between the wing and body, 

- of the ving  alone. 



10 

Longitudinal  Stability 

Sho?m i n  figure 18 is  the perfod  of the short-period  pitch  oscilla- 
t i on  of the four models tested. Figure 19 shows the longitudinal sta- 
b i l i t y  parmeter f o r  the models tested. Shown in  figure 20 is  the 
estimted lift-curve  slope  for  each  of the models. These values of l i f t -  
curve  slope  are  Sased on wind-tunnel tests of r igid models of the first 
version,  corrected by the method of  reference 5 for   the   f lex ib i l i ty  of 
the rcodels i n   t h i s  test. 4 s  can be seen i n  figure 20, the l if t-curve 
slope  for the complete model of the second version is some-xhat higher 
than that for  the comglete model of the f i rs t  version.  This i s  8 result 
of  the greater   f lexibi l i ty  of the wings and t a i l s  of the first version 
as conqzred t o  the second - a result of  the  different types of  construc- 
t ion employed, as discussed on previous sages. 

Shown i n  figure 21 is  aerodyndc-center  locetion  for the models 
tested, based on from figure 19 and C b  from figure 20. Also 
included i n  figure 21 sre tunnel  data from complete models of the first 
version  for comparison. Comparison of the date from the con$lete wdels 
of  the first and  second versions show that the second version has i t s  
aerodynamic center  located  farther a f t  than tha t  of the f irst  version. 
Tnis i s  f e l t   t o  be due la rge ly   to   the   s t i f fe r  teil (solid steel) on the 
second  version. 

Ffgure 22 shows time required  for the short-period  gitch  oscillation 
to dzmp t o  1/2 zmplitude. These velues were used along with the  values 
of lift-curve  slope shown in  figure 20 to calculate  the pitch-damping 
prrmeter ,  Cq + C%, sho-m i n  figure 23. Also shown i n  figure 23 is 
a w i n g  calculated  for both of the c q l e t e  models by the method of ref- 
erence 6, using  estimated downwash obtained from reference 7. A s  shown 
in  f iga-e  23, damping from the tests reported  herein is lower  than the 
calculated  values a t  the  lover  supersonic  sgeeds  tested, end higher a t  
the higher  s?eeds,  than the calculated  values. 

Figure 24 shom Cmo for  the complete models of both  versions  as 
obteined using figures 10 and 21. A s  can be seen i n  figure 24, C,, 

does  not show r&?id change vit'n Mach  number over  any  portion of the 
flights f o r  waich these deta were obtained. Between M = 1.25 and 
M = 1.72, the  values ere sbout 0.02 higher fo r  the f i rs t  version than 
for  the second. 

Flut ter  end B u f f e t  

Both the colcplete and the horizontal-tailless models of  the f i r s t  
version  exhibited  indications of mild wing f l u t t e r  a t  Mach numbers between 
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=bout 0.95 and 1-10 a t  a frequency  of 50 cycles  per second. F i r s t -  and 
second-bending  frequencies of the wings of these models were about 30 and 
LOO cycles per second. The w l i t u d e  of the osci l la t ion was about O.3g 
in  both  cases, as measured by the normal acceleroneter which wzs located 
5 inches  outborrd of the f’uselsge center   l ine a t  about midchord. The 
other models tested (the wingless model of the first version, d the 
c o a l e t e  model of the second version)  exhibited no Wdication of flutter. 
Firs t -  and second-bending frequencies of the wing of the second version 
were 55 and l g 0  cycles  per second. 

None of the models reported  herein exhibited my  indication of buf- 
f e t  during  these tests, which were a t  low lift coefficients. 

CONCLUSIONS 

F r o m  the flight tests a t  lov  l i f t  of  rocket-pawered models of b o  
versions  (the second of which had a s l imr  nose  and  a  thinner t s i l )  of 
an interceptor-t-e  airplane a t  Mach nmibers  between 0.75 and 1.78 and 
Reynolds nmibers  bet-deen  &bout 5 x 10 6 uld 15 x 105, respectively  (bssed 
on mezn aerodynanic  chord), the following  corclusions  are  indicated: 

1. For both  versiom, the loogitudinal t r i m  change was mild. 

2. For the complete model of the first version, the external drsg 
coefficient  varied fram 0.012 a t  M = 0.80 to about 0.043 e t  supersonic 
sgeeds . 

3. The external  drag  coeZficient  for the complete model of the 
second version was about the same as  that of the ffrst version a t  sub- 
sonic  speeds,  but wes 0.0035 loxer a t  M = 1-20, and 0.0080 lower a t  
M = 1.70. 

4. For the complete  nodels  of  both  versions, the drag rise, based 
on dcD/dM = 0.10, begm at  M = 0.93. 

5. Both the complete  and the horizontal-tail less models of the first 
version  exhibited mild -&ng flutter a t  Mach numbers between about 0.95 
znd 1.10. Tsle complete model of the second  version, which had a s t i f f e r  
wing, exhibited no indications 03 f lu t t e r .  



6. There was no indication of buffet  &.ring  any portion of the   t es t s  
reported  herein. 

Ungley  Aeronautical  Wioratory, 
Nztional Advisory Committee f o r  Aeran&utics, 

Ungley  Field, Va.,  August 25,  1954. 
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Firs t   vers ion 
Wing : 

Total  area, sq f t  . . . . . . . . . . 4.56 
Exposed area, sa_ f t  . . . . . . . . . 3= 54 
Aspect r a t io  . . . . . . . . . . ... . 3.56 
Sxeepback (quzrter  chord), deg . . . . 45 
Taper r a t i o  . . . . . . . . . . . . . 0.30 

Horizontel  tail: 
Total  area, sa_ f t  . . . . . . . . . . 1.20 
Exposed are&, sq f t  . . . . . . . . . . 0.85 
Aspect r a t i o  . . . . . . . . . . . . . 3- 56 
Sweepback (quarter  chord), deg . . . . 45 
Taper r a t io  . . . . . . . . . . . . . 0.30 
Dihedral,  deg . . . . . . . . . . . . 2.00 

Vert ica l   t a i l :  
Total area (to center l ine) ,  sq f t  . . 0.60 

Aspect r z t io  . . . . . . . . . . . . . 1.76 
Sweepback (qErter  chord),  deg - . . . 45 

a Exposed Ere.=, sa_ f t  . . . . . . . . . 0.46 

- Taper r a t i o  . . . . . . . . . . . . . 0.28 

Fuselage : 
Frontal  area, sq ft . . . . . . . . . 0.32 
Length,f t  . . . . . . . . . . . . . .  *3.25 
Base area, sq f t  . . . . . . . . . . . 0.054 

Fuselage  nose t o  wing leading edge 
(center  l ine),  f t  . . . . . . . . . . 1.725 * 

Fuselage  nose to  horizontal-tail   leading 
edge (center   l ine) ,  f t  . . . . . . . . "4.135 

Wing chord  plane to  fuselage  reference 
l ine,  f t  . . . . . . . . . . . . . . . 0.104 

Tail  chord  plane to  fuselage  reference 
l ine,  f t  . . . . . . . . . . . . . . . 0.058 

Wing e i r fo i l   s ec t ion ,   f r ee   s t r em . . . NACi 64AOO7 

Horizontal- End ver t i ca l - t a i l   a i r fo i l  - sections,  free  strean . . . . . . . . MCA '64~~007 

"Includes faired nose (no i n l e t ) .  

Second version 
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8 1. go 

"4.14 

0.104 
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NACA 64A007 

NACA 64~003.5 
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Figure 1.- Three-view drawings. A l l  dkensions are in-inches unless 
otherwise noted. 
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(b) The second version. 

Figure 1.- Concluded. 



16 NACA RM L54H3I 
. 

I I 

$ 
c 
"" " 

I 
I 

\ 
0 .I .2 .3 .4 -5 ~~ ,- .6 .7 .8 .9 1.0 1.1 

.020 

.016 

.OE 

N, .005 

2 
,004 

0 

Equlvalent body o f  revolution(ccm?lete moCelJ x/ L 

0 .1 .2 .3 .h -5 X f L  - 5  *7  .5 .9 1.0 1.1 

3reakZom of areas of the co=por.ants 

(z) The first version. 

Figme 2.- Nondiaensional  erea  distribution. 
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Figure 2.- Concluded. 
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Figure 3.- Dimensional area distribution of the complete  models of both 
versions; zero station i s  that of thc second vcrsion. 
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Figure 4.- Photograph of the wingless model of the first version showing 

the stabilizing ventral f in .  U J  
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Figure 6. - Three-quarter front view  of the complete model OP the first 
version. 
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Figure 7.- Three-quarter front view of the second version (complete model). 
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Figure 8. - Variation of Reynolds number with Mach number. 
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Figure 9. - Trim l i f t  (f irst  version), 

.8 .9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 

I I I . 



" . 

I 8 

I 

.06 

0 
0 

n 

* 7  b 8  1.0 1.2 M 1.3 1.4 1.5 1.6 1.7 1.8 

Figure 12. - Base drag and stabilizing-f in drag (first  version). 
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FiRulr: 13. - Drag coefficient (first versJ.on), corrected to zero base drag. 
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Figure 14.- Total drag and chord force (second version,  complete model). 
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Figure 15. - Base drag (second version). a 
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Figure 16.- Drag  coefficient  (complete models of both versions), corrected 
t o  zero base drag. 
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Second version 
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dy of revolution(f irst   version)  

/Calculated pressure  drag,flrst  verslon 
(Method of ref. 3)  

Calculated pressure  drag,second  version 

-Increment between calculated  values 

rement between first and second versions 
(Method of ref. 3) 
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(a) First and second versions, complete confj.gurations. 

Figure 17.- Pressure drag. 
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(b) Firs t  version, complete and wingless codigurations. 

Figure 17.- Concluded. 
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Figure 18.- Period of thc short-period  pitch  oscillation. 
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Figure 19.- Longitudinal 
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stability  parameter. 



" - 

I I I 

.%- el r 

.12 

0 

Figure 20.- Lift-curve slope from unpublished tunnel data, corrected for 
flexibility of the models tested.. 
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(a) ~ h c  first version. 

(b) The complete models oP both versions. 

Figure 21.- Aerodynamic-center location. 
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Figure 22.- Time required f o r  the  short-period  pitch  oscil lation  to damp 
t o  one-half amplitude. 
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Figure 23. - Damping i n  pitch;  center of gravity  located 19.6, 8.8, and 
16.7 percent  behind  the leading edge of the mean aerodynamic chord 
for the complete , wingless, nnd tailless models of the f i r s t  version, 
respectively, andl 20.6 percent for the complete model of the second 
version. w w 



Figure 24. - Pitching-mment coefficient at zero lift f o r  the complete 
models of both versions. 
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