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~T OF WINGTAIXK LOCATION-ON DRAG AND TRIM OF A 

SWEPT-WING MODEL AS MEASUKED IN FLIGHT 

AT TRANSONIC SPEEDS. 

By Clement J. welsh and John D. Morrow 

Results  of an exploratory  free-flight  Investigation at zero lift 
of  several  rocket-powered drag research models equipped with wing tanks 
are  presented  for a Mach number range from about 0.50 to 1 .l5. The 
t a n k s ,  which  were  Blender bodies of  revolution,  were  mounted on, 
34' sweptback, nmtapered wbgs of 2 -7 aspect  ratio. The tanks were 
directly  attached  to  the winge in such a w q  that their center lines 
were  positioned on or vertically  displaced frcm t he  --chord plane 
for  tip and inboard spanwlse locations. The tanks positimed on the 
chord plane were a l s o  located  more  forward than were  the  vertically 
displaced tanlrs . 

These  data ahow that the test  caufiguration  with tanks located 
inboard on the chord line and In the  forward  position  gave the &st 
drag of the  four  configurations  tested. The drag rise for  this v d e l  
followed  very  closely the drag rise  of  the tankless model. The strut- 
tank m o d e l  from a previous paper (NACA RM L-la) had a higher drag and 
a drag rige occurring at a lower M a c h  number than any of t h e  d e l e  
tested in this  investigation. The results  of t h i s  investigation 
indicate  that the tank location  ha8 a large effect on the t o W  drag of 
the  configuration.. The  data. also indicate that t he  uneymaetrfcal models 
experienced a trim  change Fn the Mach number range from 0 .e to 1 .MI. 

INTRODUCTION 

A need exists  for experimental data in the  transonic w e d  region 
for the  prediction  of drag characteristics  of  general wing-nacelle and 
extemd-stores combinations. The Langley Pilotless  Aircraft  Research 
Division has completed a preliminary program wing rocket-powered 
research  models fran which the drag and rate  of ro l l  (a measure  of trim 
change)  resultfng from various  tank  locations were recorded.  This paper 
contains  information  obtained  from investiwtions of models having 
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mtapered, 34' sweptbek win@ of 2.7 aspect ratio with bodies of 
revolution mounted a t  different  positicme m the wings. Canfiguration8 
were teated with the tanks located a t  the t i p  and inboard, on and 
displaced from the chord plane. The tanks an the chord plane were 
located farther forward than that& which were d iq laced  from the 
chord plane. The data a r e  presented a0 plots of drag  coefficient and 
wing-tip hellx angle against Mach nmber.  From these data. the drag and 
an indication of trim changes reeultlng fran the addition of the tank8 
can be determined. The resu l t s  of thi8 Fnveetigatian &e compared with 
data obtained I n . &  previous  investigation which used similar model8 with 
and wlthout  etrut-mounted  bodies of  revolution  (reference I-). 

The average Reynolds number variation  for the mode16 teeted in t h i B  

Investigation  covers a ran@ of  from 2.9 x 10 a t  a Mach number of 0.5 
t o  8.69 X 10 at  a M a c h  number of 1.m. 
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SYMBOLS 

E wing-tip helix angle, radians 
2v 
I? rolling velocity,  radiane per eecond 

b t o t a l  span of 25.73 Fnchee 

v velocity  along fliefit path, f ee t  per second 

cD total-drag coefficient based on axposed wing Etrea of 
200 square inches 

drag  coefficient of tanks based on frontal area of two tank8 
of  13.2 square inches 

M Mach nmbr 

A b* aspect ratio, 9 

S total w i n g  area t o  center  line of body, 248.22 equase Fnchea 

R Reynolds number based on w i n g  chord of 9.647 inches 

. 
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The genera  arrangement of the drag research  vehicles ueed in the 
presant  investigation is ahown in  ffgures I and 2 and photographs of 
the models a m  shown in figure 3 .  !I!he basic model cmstruction, 

and 104 A and B models by the substi tution of spinsonde noses, 
reference 3, f o r  the ordinary wooden nosee. The tanks were located on 
a 34O meptback w i n g  w i t h  RACA 65-009 a i r f o i l  section normal t o  the 
1e-g edge. The tanks, of wooden fabrication, were  of sfmilar d e s i a  
t o  those wed cm fighter-type  aircraft  and were attached to the wing in 
the relative  positions Lndicated in figurea l-and 2. The tanks had a 
constant f inmeas r a t i o  of 7.44 and the r a t i o  of tank diameter t o  body 
diameter wa8 0.582. For  convenience, the table in figure 1 ahowe the 
different tank locations f o r  the four  different ~ a n g e m e n t s .  

. described in reference 2, has been altered in the 102 B, lo3 A and B,. 

Eigh t  models were used ip the inveetigation. Two models (102 A 
and B) had their -tanks located at  the wing t i p s  w i t h  the chord line of 
the wing coincidhg with the center line of the tank and w i t h  the ends 
of the  tanks being f lu& w i t h  the t ra i l ing  edge of the wing; two other 
models (120 A and B )  had their tanks located a t  an inboard position with 
the ends of  the tanks b e i n g  flu& with t h e  trailing edge of the w h g  and 
w i t h  the center line of the tank colncidfng w i t h  the chord line of the 
Mng (these models w i l l  be referred to in  this paper ae  the inboard- 
forward symetr ica l  models); two models (103 A and B )  had the i r  tanks 
located a t  the wing t i p s  with the tanks located on oppoefte surfacee of 
the wing and w i t h  the trail- edge of the t a k e  extending  behlnd the 
trailing edge of the wing; the final models (104 A and B)  had t he i r  tanks 
located a t  an inboard positim with the tanks located on opposite surfaces 
of the w i n g  and w i t h  the trailing edge of the tanks extending  behind the 
t r a i l i ng  edge of the wing. The tanks, which were mmted on opposite 
m r f a c e s ,  were located in that manner in order that the models would 
maFnta5n strai&t-line f l i&t  paths despite any trim changee that migh.t 
be induced by t he  tanks and in order  to allow a debmination of the 
trim-change tendencies by the simple measurement of rolling velocity. 

The models were propelled by 3.25-inch aircraf t   rocket  motors which 
were conta lned w i t h i n  the fuselage. A t  a preignition  temperature of 69' F, 
t h e  rocket motors furnished approxfmatelg '2200 pounds of thrust f o r  about 
o .8~ second. 

The models were flown at  the Langley Pilot lees   Aircraf t  Research 
Station, W ~ J - ~ O ~ S  I s h a ,  va. The test- technique ~ e r e b g  wag- 
coefficient data &re obtained has been adequately  described in reference 4. 
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The  accuracy of t h e  drag  coefficients is  estimated to be HI .002 at  Mach 
numbers above 1.0 and k0 .OO3 at  Mach nmbers below 1 .O . The accuracy 
of t h e  Mach  number is estiwxted t o  be within fo.01. 

The  rolling  velocity  of  each d e l  and t h e  reeulting wing-tip helix " 

=@e * 2-v were  determined  by t h e  technique  described In reference 3 .  . 
.. 

The accuracy of the quantity is e s t w t d  to be with- ,005 
radian throeout t h e  Mach  number  range. The erratic  variation in $$ 
above 0.9 Mach nmber in model 102 is  not  clearly  understood. 

2-v - 

The average  Reynolds-number of t h e  eight  models based on wing chord 
(9.647 inches)  parallel  to  the body center l ine  varied f r o m  2.92 x 10 
at a Mach  number of 0.5 up  to 8.69 X 10 at a Mach nmber of 1.20. A 
plot of Reynolds nmbr againet  Mach  number is ahown in figure 4. 

6 
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Drag 

The  total-drag  coefficiant CD and wing-tip  helix a n g l e  

a re  presented in figure 5 plotted against Mach number M for the malela 
investigated. No drag data w e r e  obtained  for me of the 104 models nor 
were  there any data for either of t he  120 models. ~ r e v ~ o u e  data 

have been obtained for  the  strut-tank model, a M e s s  model, and a 
wlngless model; these data have been preeented. In reference 1 and are 
included in thie paper f o r  compazison . The cmea .  f m the. etrut- tmk 
model and "ikless mode l  have been Bliatly modified by we of a later, 
more  precise method of  reducing.flight-teat data, The .total-drag- 
coefficient curve for t h e  wingleas model has barn included in figure.? 
In order that the  percent  of  wing-tank-combination  drag  which  could be 
expected to be due to  the wing alone may be estimated. 

The curves ahown in figure 5 Indicate that the presence of t h e  tanker 
cawed the drag rise to occur  at  approximately 0.03 Mach number lower 
than the drag  rise  of the tankless model in all of the canfiguratione 
Fnvestigated  except t he  inboard-forward  symmetrical  caee. For thie 
configuration, the drag  rise  occurred  approximately at the same Mach 
number as t h e  drag rise of t h e  tankless model. Reference8 5 and 6 may 
p a r t i a l l y  explain why t h e  Inboard-forward symmtrical model  gave  the  more 
favorable  effect  of the configurations  tested. The results of those- 

. 
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references  indicated that locating  the ning aft of the maximum diameter 
of a body gave lees drag than a forward location. 

An estimated  tank-drag-coefficient  curve  for 6.n isolated  tank  is 
presented In figure 6 ,  mch was  obtained frm a drag c m e  f o r  a body 
of  revolution,  reported in reference 7, similar to that of the test 
tanks. The body in reference 7 was a fin-stabilized  parabolic body of 
revolution  with a cut-off stern. Its fineness  ratio waa 6, and its 
maximum diameter was located at &I percent  of body langth. m e  fin and 
base  drag was subtracted f r m  the total drag of this body leaving the 
dr& curve ahom. It ie  believed that t h i s  curve  repreeents a body 
'which  is  sufficiently similar to the  test tanke for  comparative purposes. 

The tank-drag coefficient  dug to the  addition  of the tanks, which 
included  interference  effects, waa determined by the drag differences 
between the tank-on and tank-off configuratians  and  is a lso  &own in 
f i v e  6. This coefficiant is based on the frontal  area  of two tadka. 
The variation  of the drag-coefficient  increment w i t h  the different 
mdels indicates  the  imporLance of tank locatim with respect to the 
wing  and body in order to minimize tank drag. The inboard-forward 
sgmmetrical  model tanks gave the most favorable drag increment  of the 
four  configurations  investigated. The favoralole  effects  of  this  tank 
location might not be realfzed if used in conjunction w-ith another typ 
body or wfng . The drag  increments  for the mdels tested were much 
lower than that obtained frh the strut-tank model from  reference 1. 
The tanks were  located on eh"Ut8 at  approximately midspan; however,  the 
tank-drag-coefficient  curve  of the strut-tank model  Included the -drag 
due t0 the strut. 

T r i m  C h a n g e  

An indication  of  the  trim changes due to the tanke is given by the 
variations  of  with ~ a c h  nmber presented  figure 5 .  The 2v 
variatione  of e with Mach number for the unsymuetrical models 
indicated -that they experienced a trim  change in the Mach nmber range 
from 0 .@ to 1 .OO . The r o l l  obtahed at M < 0.9 for t h e  spmetrically 
located tanlre of model Lo2 is  believed due to accidental  aaynmetriee in 
the d e l ;  however, the erratic  vaxiation in at M > 0.9 for  this 
model is  not  clearly  understood. 
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An exploratory rocket-powered flight inmetigation of drag research 
models with nlpg tanks has been conducted near zero lift f o r  a Mach 
number range from 0.50 t o  1 .l?. The tanPEe, which were slender  bodies 
of revolution, were  mounted on 34' sweptback, nmtapered w i n g s  of 2.7 
aspect  ratio in  varied positions. The additian of the tanks to t he  " 

models increased-the  drag  coefficimt; however, the tanks an the inboard- 
forward symmetrical model produced the leaet Increase in drag. Attachent  
of the tanks also caused the drag  r iee  to occur at 0.03 lover Mach nimraer 
in all models except the inboard-forward symmetrical model. The drag 
r i s e  of this model followed very closely the drag r i s e  of the M e s s  
model. The data indicated that the location of  the tasks hae a marked 
effect  on the total drag and a lso  M tbe point at  which the drag r i s e  
occurs in the Mach numker range covered in thia investigation. Although 
the Inboard-forward eymmetrical model gave the lowest drag of the con- 
figurations tested, it is quite poesible t .hat.aaue.akbr tank-wing-body 
combination would give even lower drag. The data also showed that the 
unsymmetrical models experienced a trim change in tha Mach number range 

. .  

of 0 .@ to 1.00 

Langley Aeronautical Laboratory " -. " 

National Advisory Carmnittee for Aeronautics 
Langley Air Force Base, Va . 
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Figure 1.- General arrangement of drag research vehicle xith wing tanka. All dimeneione in inches. 
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SECTION A- A 

' Figure 2.- Detalls of utng-tank installation on model. Tank flneness ra t io  7.44. Table shows 
different tank locations. A l l  dimensions In inchee. 
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Figure 3. -  Plan and rem view o f  model conflguratians teated. - ww- 
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Figure 5.- Variatim of total-drag coefficient and t i p  helix angle with 
Mach number. Wing of 200 s v e  inches, aspect ratio = 2.7 and eweep- 
back angle = 34O. - .  
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No  (pb/2V) data  were obtained on t h i s  model 
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Figure 5. - Continued. 
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Tonkless model 
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( c )  Model tO3. 

Figure 5 .  - Continued. 
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Figure 5 .  - Concluded. 
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Figure 6.- Cmparison of tank drag coefficiente. The coefficients m e  baeed on area of two tanka e@ 
t o  13.2 square inches. Tank fineness ratio = 7.44. 
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