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An experimental investigation of f l o w  surrounding afterbodies 
behind blunt nose shapes has been made a t  a Mach number of 2 and a free- 
stream Reynolds number based on 1 f o o t  of about 14 x 106 in the 27- by 
27-inch preflight j e t  of the Langley P i lo t less  Aircraft  Research Stat ion 
at Wallops Island, Va.  
the afterbodies for  each configuration. Pressures are shown t o  vary 
only s l igh t ly  with nose shape. Shadowgraphs of each configuration were 
made and indicate that separated f l o w  surrounds the en t i re  afterbody for 
a l l  configurations tes ted with a wake angle varying from about.5' con- 
vergent t o  10' divergent. 

Pressure measurements were made on and around 

INTRODUCTION 

A blunt nose with a converging afterbody i s  a shape being considered 
f o r  the reentry body of long-range b a l l i s t i c  missiles. Extensive tunnel 
and free-f l ight  t e s t s  have been made t o  determine the f l o w  and heating 
characterist ics of various blunt nose shapes. L i t t l e  data axe available, 
however, fo r  the afterbody where large regions of separated flow exis t .  
Reference 1 gives limited heating data fo r  such a shape at  Mach numbers 
of 2.0 and 6.9. Chapman, Kuehn, and Larson have made extensive studies 
of flow-separation phenomena, i n  which separated regions on forward- 
facing steps were considered primarily ( r e f .  2 ) .  Investigations i n  which 
separated flow behind bodies w a s  considered have been mostly concerned 
with base drag. A summarization of experimental information and existing 
methods for  predicting base pressures behind bodies of revolution i s  B r e -  
sented in  reference 3. 

Prior t o  conducting free-f l ight  t e s t s  t o  study heating and pressures 
on the afterbodies behind blunt nose shapes, a preliminary study of the 
flow pattern around afterbodies has been conducted i n  the 27- by 27-inch 
pref l ight  j e t  of the Langley P i lo t less  Aircraft Research Stat ion a t  



Wallops Island, Va. Six blunt noses with the same afterbody configura- 
t i on  were tes ted  a t  a Mach number of 2.0. The resu l t s  of these t e s t s  as 
determined by measuring pressures on and making shadowgraphs of the 
various configurations are presented i n  this  report. 

n 

M Mach number 

P pressure, lb/sq in.  abs 

q dynamic pressure, lb/sq in.  

D maximum nose diameter, in. 

r radius, in. 

T temperature, OR 

X afterbody surface distance, in. 

2 axial length f’rom nose t i p ,  in. 

22 - Po0 
pressure coefficient,  4 

¶. s, 
- 

Subscripts: 

7 4  l o c a l  

t t o t a l  

. W  undisturbed free stream 

MODEL5 AND TESTS 

Scaled d r a w i n g s  of the models tes ted are shown i n  figure 1. The 
blunt noses or  forebodies had a maximum diameter of 10 inches. The a f te r -  
body which approximated a truncated cone had a maximum diameter of 
8.39 inches, leaving a n  0.8-inch step where the afterbody and forebody 
were joined. 
f igure 1. 

The s ix th  model w a s  a modification of model A, as shown i n  e) 

The models were bodies of revolution constructed of mahogany 



J 

i n  such a manner that the nose shape could be changed and the  afterbody 
would remain fixed t o  the s t ing support. 

A detai led drawing of the instrumentation of the afterbody i s  shown 
i n  figure 2. A l i n e  of seven static-pressure pickups was  located on a 
single ray on the afterbody. 
attached t o  an Inconel p la te  1/52 inch thick and 2 inches wide. 
thermocouple ray w a s  located 180° from the  pressure or i f ices .  

Six iron-constantan thermocouples were 
The 

Tests were made on six different  models. D u r i n g  each test ,  tempera- 
tures  and s t a t i c  pressures were measured on the afterbody. 
were tes ted at 0' angle of attack. Model A ( f ig .  1) w a s  a l so  tes ted  at  
5 O  angle of a t tack with the pressures and temperatures measured both 
windward and leeward. Total-pressure probes ( f i g .  2) were in s t a l l ed  i n  
the separated-flow region around the afterbody for model E. 
temperature measurements were made, pressure data  only are  presented in 
quantitative form i n  t h i s  report ,  as is  explained in the section en t i t l ed  
"Results and Discussion." 

A l l  models 

Although 

The t e s t s  were conducted i n  the pref l ight  j e t  f a c i l i t y  of the Langley 
P i lo t less  Aircraft  Research Stat ion a t  Wallops Island, Va.; the  27- by 
27-inch nozzle w a s  used. 
are shown as figure 3. The t e s t s  fo r  a free-stream Mach number. of 2 and 
a free-stream Reynolds number based on 1 foot of about 14 x 10 6 were at 
sea-level static-pressure and temperature conditions. The pref l igh t  j e t  
i s  more f u l l y  described i n  reference 4. 

Photographs of a typ ica l  model i n  t e s t  posit ion 

Free-stream t o t a l  pressure and stagnation temperature of the tunnel 
were measured for each t e s t .  
inch absolute, w a s  obtained by means of a s ix-ce l l  recording manometer 
and w a s  the same within 3 percent for a l l  t e s t s .  The stagnation tempera- 
ture  measured by thermocouples varied with time and increased s l igh t ly  
as the t e s t  proceeded, with a maximum variation from gooo t o  980° R f o r  
a single t e s t .  

The t o t a l  pressure, 113 pounds per square 

The en t i r e  model w a s  located within the Mach l ines  of the j e t  fo r  
a l l  t e s t s ,  which l e t  the model r e s t  i n  a free-stream flow f i e l d  f r e e  of 
any shocks except those originating from the model i t s e l f .  
presented herein were made a f t e r  the j e t  flow had become steady; t h i s  
condition w a s  reached in about 5 seconds. 
constant flow conditions could be maintained fo r  about 6 seconds. 

Measurements 

The air supply w a s  such tha t  

Shadowgraphs were made during the t e s t s  fo r  a l l  configurations. 
The shadowgraph camera was mounted on the r igh t  side of the nozzle with 
the spark source about 30 f ee t  t o  the le f t  of the model. 
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RESTJLTS AND DISCUSSION 

Shadowgraphs w e  shown i n  f igure 4 fo r  each t e s t .  The basic observa- .a 

t i o n  from these shadowgraphs is  the absence of reattachment on the a f te r -  
body. 
convergent t o  10' divergent. 
bow-shock- jet-boundary interference which i s  noted in f igure 4( a) and 
appears i n  a l l  the shadowgraphs. 
shown a t  5' angle of a t tack i n  f igures  4(g) and 4(h).  
change i n  the flow pat tern is indicated i n  the shadowgraphs. 

Measurements from the  shadowgraphs show wake angles from about 5' 
The models were not i n  contact with the 

The configuration i n  f igure 4(a) is  
N o  s ignif icant  

Pressure measurements along the surface of the afterbodies are pre- 

The pressure r a t io s  

x/D, where x 

sented i n  figures 5 and 6 as the r a t i o  of l oca l  pressure t o  measured 
free-stream t o t a l  pressure pl/pt.,m for  a l l  tests. 

are plot ted as a function of the nondimensional parameter 
i s  the distance along the surface from the afterbody-forebody juncture 
and D is  the max imum nose diameter. The measurements from a l l  the pres- 
sure or i f ices  remained constant f o r  the en t i r e  tes t ing  period for  a l l  
models; therefore, the pressures are  presented fo r  only one time after 
the steady flow and.sea-level conditions at  Mach number 2 had been 
reached. 

Figure 5 shows the pressure r a t i o  fo r  t he  f ive  d i f fe ren t  b l u n t  nose 
shapes. The accuracy of the pressure-ratio measurements is  within 
k0.0023. Within t h i s  accuracy the afterbody s t a t i c  pressures indicate d 

l i t t l e  pressure change fo r  d i f fe ren t  forebody shapes with model A having 
the lowest measured loca l  s t a t i c  pressures and modelE having the highest. 

Model A ( f ig .  1) was tes ted  a t  5 O  angle of attack and pressures were 
- measured both windward and leeward. The r a t io s  of l oca l  s t a t i c  pressure 

t o  free-stream t o t a l  pressure fo r  model A at  angles of attack of Oo and 
5 O  are  shown i n  f igure 6. The windward 5' angle-of-attack measurements 
are s l i gh t ly  lower than the Oo angle-of-attack measurements; t h i s  signi- 
f i e s  that the flow on the windward side of the afterbody i s  accelerated 
but s t i l l  separated. Likewise the leeward measurements indicate a s m a l l  
deceleration of the  flow. 

Figure 6 also shows the pressure r a t io s  fo r  model A modified as shown 
i n  figure l ( a ) .  
afterbody again remains completely within the sepmated flow region. 

The pressures were lower f o r  the rounded corner, but the 

Four total-pressure measurements were made i n  the area surrounding 
the afterbody for  model E. (See f i g .  2.) 
from the static-pressure or i f ices  and were located 1 inch behind the  
s tep a t  a ve r t i ca l  distance of 0.44 and 0.88 inch from the surface. 
The other two probes were 270' from the afterbody-static-pressure or i f ices  

Two of the pro.bes were 90' 
*d 

il 



ray and were located 4 inches behind the s tep at  a ve r t i ca l  distance of 
0.96 and 1.92 inches from the surface. 
total-pressure probes and measured afterbody loca l  pressures are  shown 
i n  f igure 7 along with the location of each measuring s ta t ion.  
sures are  equal f o r  a l l  s ta t ions and the same as those measured on the 
afterbody, fur ther  indicating the existing dead-air region. 

The pressures measured by the 

The pres- 

Pressure coefficients 4 / q  on the afterbodies of the f ive  nose 
shapes are presented i n  figure 8. 
f i c i e n t  for  a cyl indrical  body of revolution from reference 3. 
ence 5 gives the  e f fec ts  of sting-support interference on base pressures 
f o r  bodies of revolution. 
The measured pressure coefficients are l e s s  than the base pressure coef- 
f i c i en t s  predicted by reference 3 but are close t o  the predictions of 
reference 5.  This indicates t ha t  the afterbodies may be acting the same 
as a large s t ing  behind the blunt noses. 

Also shown is  a base pressure coef- 
Refer- 

This information i s  also shown i n  figure 8. 

Temperature measurements were made on the afterbody i n  the manner 
described i n  the section en t i t l ed  "Models and Tests. 'I  

coefficients calculated from the measured temperatures showed a variation 
with time which w a s  greater than could be estimated because of losses 
through conduction, radiation, and so for th .  Therefore, these measure- 
ments were not considered of a quali ty sui table  fo r  presentation in  
quantitative f om. 

The heat-transfer 

Qual i ta t ively the measurements appeared t o  agree favorably with the 
afterbody heating presented i n  reference 1. 

CONCLUDING RENAFKS 

Pressures were measured on and around afterbodies behind various 
b l u n t  nose shapes at  a ach number of 2 and a Reynolds number based on 

l i t t l e  e f fec t  on the afterbody pressures. These pressure measurements 
along with the shadowgraphs indicate tha t  the separated-flow region com- 
p le te ly  surrounds the afterbodies for  a l l  blunt nose shapes tes ted  for  
both Oo and 5 O  angle of attack. 
convergent t o  10' divergent. 

1 foot of about 14 x 10 t . The variation of the shape of blunt noses had 

The wake angle varies approximately 5' 
The pressure coefficients (measured on the  



afterbodies) can be approximated by base pressure coefficients corrected 
fo r  the e f fec t  of a s t ing  as given i n  University of I l l i n o i s  ME Technical 
Note 392-2. 

Langley Aeronautical Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley Field, Va., September 27, 1957. 
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Pressure Distance from 
or f i ce  nose- af t erbody 

juncture 

Thermocouple 

P 

(a) Surface pressure and temperature pickup locations. 

Tot  a1 Vertical distance 
Dressure from af terbodg 

(b )  Total-pressure probe locations used for  model E only. 
Sketch i s  rotated 90' from sketch i n  figure 2 (a ) .  

Figure 2.- Afterbody instrumentation. All dimensions are i n  inches. 
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