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PREFACE 
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Development Center (AEDC), Air Force Systems Command (AFSC), at the 
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Babish III, AFFDL/FER, Wrlght-Patterson Air Force Base, Ohio. The results 

of the test were obtained by ARO, Inc. (a subsidiary of Sverdrup Corporation), 

contract operator of AEDC, AFSC, Arnold Air Force Station, Tennessee, under 

ARO Project No. V41B-G2A. The author of this report was J. D. Corce, ARO, 

Inc. The test was conducted from August 4 to August 9, 1976, and data 

reduction was completed on September 2, 1976. The manuscript (ARO Control 

No. ARO-VKF-TR-76-137) was submitted for publlcatlon on November 19, 1976. 
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1.0 INTRODUCTION 

Supersonic deployable aerodynamic decelerators, such as Supersonlc-X 

parachutes, operate in the wake of and provide drag and stability for Air 

Force re-entry and test vehicles, special and conventional weapons~ and 

aircraft crew escape modules that are moving through the atmosphere at 

supersonic speeds. The aerodynamic and thermal performance characteristics 

of trailing supersonic decelerators are influenced by the Mach numbers and 

total temperatures of the forebody wake ahead of the decelerators. These 

wake flow properties are characterized by Mach numbers from 1.0 to 3.5 

and total temperatures from 100 to 700°F. 

Results from a previous experimental investigation (Ref. I) conducted 

in the yon K~rm~n Gas Dynamics Facillty (VKF) Hypersonic Wind Tunnel (B) 

shbwed that reasonable approximations of these flow properties could be 

achieved in the near wake core of a cone forebody immersed in a Mach 

number 8 free stream at wind tunnel total temperatures of 860 and 1,220°R. 

The present test objectives were to determine the aerodynamic and 

thermal performance characteristics of model nylon, Kevlar 2~, and 

Bisbenzimldazobenzophenanthrollne ® (BBB) Supersonlc-X type parachutes In 

four configurations. The decelerators were tested at several axial loca- 

tions in the wake of a strut-mounted cone forebody. All the configurations 

were tested at simulated pressure altitudes from 130,000 to 145,000 ft, 

corresponding to free-stream dynamic pressures from 2 to I psia. The 

free-stream unit Reynolds number was varied from 1.1 to 3.6 million per 

foot~ The investigation was made at wind tunnel stagnation temperatures 

both above and below that required to prevent air liquefaction in the test 

section. The lower temperature was required because of the nylon and 

Kevlar 29 material temperature limits. Wake survey data were obtained at 

several locations downstream of the forebody to determine local wake condi- 

tions, strut effects, and verification of wake survey data obtained in 

Ref. I. 

5 
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Wake s u r v e y  p i c o t  p r e s s u r e ,  s t a t i c  p r e s s u r e ,  and t o t a l  t e m p e r a t u r e  

r e s u l t s  and s e l e c t e d  a v e r a g e  d rag  c o e f f i c i e n t s  of  t h e  v a r i o u s  c o n f i g u r a t i o n s  

showing t h e  e f f e c t s  o f  l o c a t i o n  i n  t h e  wake and f r e e - s t r e a m  dynamic p r e s s u r e  

a r e  p r e s e n t e d .  D e c e l e r a t o r  s t a b i l i t y  pe r fo rmance  i s  p r e s e n t e d  i n  t h e  form 

o f  a r e l a t i v e  dynamic p a r a m e t e r  (RDP). 

2.0 APPARATUS 

2.1 WIND TUNNEL 

Tunnel  B i s  a c l o s e d - c i r c u i t  h y p e r s o n i c  wind t u n n e l  w i t h  a 5 0 - t n . - d t m a  

t e s t  s e c t i o n .  Two ax i s3~ane t r t c  c o n t o u r e d  n o z z l e s  a r e  a v a i l a b l e  to  p r o v i d e  

Hath numbers o f  6 and 8, and t h e  t u n n e l  may be o p e r a t e d  c o n t i n u o u s l y  ove r  

a r ange  o f  p r e s s u r e  l e v e l s  f rom 20 to  300 p s i a  a t  H = 6, and 50 to  900 

p s i a  a t  H = 8, w i t h  a i r  s u p p l i e d  by t h e  VKYmatn compressor  p l a n t .  S t a g n a -  

t i o n  t e m p e r a t u r e s  s u f f i c i e n t  t o  avo id  a i r  l i q u e f a c t i o n  i n  t h e  t e s t  s e c t i o n  

(up t o  1,350°R) a r e  o b t a i n e d  t h r ough  t h e  use  o f  a n a t u r a l - g a s - f i r e d  combus- 

t i o n  h e a t e r .  The e n t i r e  t u n n e l  ( t h r o a t ,  n o z z l e ,  t e s t  s e c t i o n ,  and d i f f u s e r )  

i s  c o o l e d  by i n t e g r a l ,  e x t e r n a l  w a t e r  J a c k e t s .  The t u n n e l  i s  e q u t p p e d ~ r £ t h  

a model i n j e c t i o n  sys t em,  which a l lows  removal  o f  t he  model from t h e  t e s t  

s e c t i o n  w h i l e  t h e  t u n n e l  r ema ins  i n  o p e r a t i o n .  A d e s c r i p t i o n  o f  t h e  t u n n e l  

may be found i n  Ref .  2. 

2.2 TEST ARTICLE 

The f o r e b o d y  cone suppor t  sys tem and a Super son ic -X type  p a r a c h u t e  

a r e  shown i n s t a l l e d  i n  t he  t u n n e l  in  F ig .  1 and s c h e m a t i c a l l y  p o r t r a y e d  

in  F ig .  2. Two d e s i g n s  o f  d e c e l e r a t o r s  ( d e s i g n s  2 and 5) were  t e s t e d  

w£th 5- and 8 - i n .  d i a m e t e r s  ( s e e  F ig .  3) a t  v a r i o u s  X/D l o c a t i o n s  down- 

s t r e a m  of  t h e  f o r e b o d y  b a s e .  Three  m a t e r i a l s ,  n y l o n ,  Kev la r  19, and 

Bfsbenztn~Ldazobenzophenanthroline (BBB) were  i n v e s t i g a t e d .  The t e m p e r a -  

t u r e  l imCts  of  t h e s e  m a t e r i a l s  ( t h e  t e m p e r a t u r e  a t  which o n l y  20 p e r c e n t  

of  t he  s t r e n g t h  of  the  m a t e r i a l  a t  room t e m p e r a t u r e  i s  r e t a i n e d )  a r e  

n y l o n ,  8600R; Kev la r  29, 1,210OR; and BBB, 1,410°R. 

6 
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The forebody cone and support system for this test entry was the 

same as that used in an earlier Tunnel B test (see Ref. I). The forebody 

was a 10-deE, half-angle cone with a 6-in. base diameter. The decelerators 

were attached to a slx-component moment-type balance mounted in the 

forebody. Both the balance and the cone support system were water cooled. 

A wake survey rake (see Fig. 4) with pitot pressure, cone static 

pressure, and total temperature probes was used to determine local flow 

conditions downstream of t h e  cone. 

2.3 INSTRUMENTATION AND PRECISION 

Tunnel B stilling chamber pressure is measured with a 100- or |,000-psid 

transducer referenced to a near vacuum. Based on periodic comparisons with 

secondary standards, the uncertainty (a bandwidth which includes 95-percent 

of residuals) of the transducers is estimated to be within ±0.1 percent of 

reading or ±0.06 psi, whichever is greater, for the 100-psid range, and 

±0.1 percent of reading or ±0.5 psi, whichever is greater, for the |,000-psid 

range. Stilling chamber temperature measurements are made with Chromel ~- 

Alumel @ thermocouples which have an uncertainty of ±(I.SOF + 0.375 percent 

of reading) based on repeat calibrations. 

Model forces and moments were measured with a six-component, moment- 

type, strain-gage balance (Balance No. 4.06-Y-36-014) supplied and cali- 

brated by VKF. Before the test, static loads in each plane and combined 

static loads were applied to the balance to simulate the range of loads 

and center-of-pressure locations anticipated during the test. The following 

uncertainties represent the bands of 95 percent of the measured residuals, 

based on differences between the applied loads and the corresponding values 

calculated from the balance calibration equations included in the final 

data reduction. The range of check loads applied and the measurement 

uncertainties follow. 
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Balance  Ranse Of 
D e s i s n  Check 

Component Loads Loads 

Normal f o r c e ,  l b  ± 400 ~ 300 ±15 

P i t c h i n g  moment ,*In ,  lb ±1,386 ~1,386 .±46 

Side f o r c e ,  lb ~ 200 ± 150 ±15 

Yawing moment ,* in ,  lb  ± 693 ± 693 ±46 

Rolling moment, in. Ib ± 50 ~ 50 ± 0 

Axial force, lb 0+50 0+50 0~-50 t 

C a l i b r a t i o n  
Load Range 

Measurement 
U n c e r t a i n t y  

±0.50 

~1.00 

±0.25 

Zl.00 

±0.24 

±0.16 

*About b a l a n c e  fo rward  moment b r i d g e .  

' B a l a n c e  was mounted backwards  i n  f o r e b o d y  cone .  

No moment c a l c u l a t i o n s  were  i n c o r p o r a t e d  i n  t h e  d a t a  r e d u c t i o n  s i n c e  

o n l y  f o r c e s  were  o f  i n t e r e s t  f o r  t h i s  t e s t .  

The wake s u r v e y  t e m p e r a t u r e  measurements  were  made w i t h  a Chromel-  

Alumel t he rmocoup le  p r o b e ,  w i t h  a p r e c i s i o n  o f  measurement  e s t i m a t e d  to  be 

±0.4 p e r c e n t  o f  r e a d i n s .  The p i t o t  p r e s s u r e  was measured w i t h  a 1 5 - p s i d  

t r a n s d u c e r ,  r e f e r e n c e d  t o  a n e a r  vacuum, which has  an e s t i m a t e d  p r e c i s i o n  

o f  measurement  o f  ~0.003 p s i  o r  ~0.15 p e r c e n t  o f  r e a d i n g ,  wh icheve r  l s  

g r e a t e r .  The cone s t a t i c  p r e s s u r e  was measured  w i t h  a 5 - p s i d  f a s t - r e s p o n s e  

t r a n s d u c e r ,  r e f e r e n c e d  t o  a n e a r  vacuum, and c a l i b r a t e d  to  1 - p s i a  f u l l  

s c a l e .  The p r e c i s i o n  o f  t h i s  t r a n s d u c e r  i s  e s t i m a t e d  to  be  ~0.002 p s i  o r  

±1.0  p e r c e n t  of  r e a d i n g ,  wh icheve r  i s  g r e a t e r .  

The p a r a c h u t e  b e h a v i o r  in  t h e  a i r s t r e a m  was r e c o r d e d  w i th  two h i g h - s p e e d  

16-mm m o t i o n - p i c t u r e  cameras  and two s t i l l  cameras f o r  b o t h  shadowgraph and 

d i r e c t  pho tog raph y .  

8 
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3.1 TEST CONDITIONS 

The test was conducted at a nominal Mach number of 8 (variations 

listed below are from tunnel calibrations) and free-stream unit Reynolds 

numbers fro m 1.1 to 3.6 million. A summary of the test conditions at 

each dynamic pressure is given below. 

M po,pSia  

7.94 210 

7.95 265 

7.96 320 

7.97 370 

7.98 425 

T O, oR 

860*. 1,220 

Re= x 1 0 - 6 , 1 / f t  

To,°R 
q= ,ps i a  p= ,ps i a  86__O0 1,220 

1.00 0.022 1.8 1.1 

1.25 0~028 2.2 1.3 

1.50 0.034 2.7 1.6' 

1.75 0.039 3.1 1.9 

2.00 0.044 3.6 2.1 

*Temperature below that required to prevent air liquefaction in the 

test section. 

A test summary showing all configurations and conditions tested along 

with the variables for each is presented in Table I. 

3.2 TEST PROCEDURE 

Parachutes made of nylon and Kevlar 29 materials would not withstand 

the temperatures encountered in the normal operation of Tunnel B. For this 

reason, the wind tunnel was often operated at a reduced stilllng-chamber 

temperature below that required to prevent air liquefaction in the test 

section. 

9 
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The f i r s t  t e s t  phase  was t he  c a p t i v e  p a r a c h u t e  t e s t i n g .  The 

p a r a c h u t e  was a t t a c h e d  to  t he  b a l a n c e  i n  t he  fo rebody  cone by means o f  a 

r i s e r  l i n e  which p o s i t i o n e d  the  d e c e l e r a t o r  a t  a s p e c i f i e d  X/D d i s t a n c e  

from t h e  base  o f  t h e  cone .  The t e s t  p r o c e d u r e  used  was to a l l o w  t h e  

c h u t e  to  hang f r e e  f rom the  b a l a n c e  when i n j e c t e d  i n t o  t he  t u n n e l  f low.  

Upon i n j e c t i o n ,  h i g h - s p e e d  movie  cameras  and a v i s i c o r d e r  which r e c o r d e d  

t h e  d rag  i n p u t  from the  b a l a n c e  were  run  f o r  a d e s i g n a t e d  l e n g t h  o f  t ime .  

I f  t h e  p a r a c h u t e  had no t  f a i l e d  a f t e r  r e a c h i n g  t h e  c e n t e r l i n e  o f  t he  

t u n n e l ,  s e v e r a l  seconds  o f  c o n t i n u o u s  f o r c e  d a t a  were  t a k e n .  S t i l l  p i c t u r e s  

were  t a k e n  when t h e  f o r c e  d a t a  were  o b t a i n e d .  

Wake s u r v e y  d a t a  were  a l s o  o b t a i n e d d o w n s t r e a m  of  t h e  f o r e b o d y  cone 

by use  o f  t h e  VKF X-Y-Z overhead  probe  d r i v e  mechanism which p e r m i t t e d  t h e  

probe  to  be moved i n d e p e n d e n t l y  o f  t h e  f o r e b o d y  and s u p p o r t s .  The wake 

s u r v e y s ,  a t  v a r i o u s  X/D l o c a t i o n s ,  were  made i n  f o u r  v e r t i c a l  p l a n e s  

p a r a l l e l  t o  t h e  f o r e b o d y  a x i s  o f  symmetry a t  l a t e r a l  d i s p l a c e m e n t s  of  0 . 0 ,  

1.15, 2.25 ,  and 4 .0  i n .  

3.3 DATA REDUCTION 

Main b a l a n c e  f o r c e  d a t a  were  r e du ced  i n  t h e  body a x i s  sys tem.  Drag 

was c a l c u l a t e d  by the  e q u a t i o n  

Drag= [(FN)2 + (Fy) 2 ] + (FA) 2 0.5 

which i s  t h e  r e s u l t a n t  f o r c e  a long  the  r i s e r  l i n e s  of  t h e  p a r a c h u t e s  

measured by the  b a l a n c e .  

A s t a t i s t i c a l  method was used  to  a n a l y z e  t h e  d e c e l e r a t o r  d rag  d a t a  

which were r e c o r d e d  a t  a r a t e  o f  a p p r o x i m a t e l y  800 samples  pe r  second .  

The method p r o v i d e s  a means o f  e v a l u a t i n g  t h e  drag  dynamics o f  each  d e c e l e -  

r a t o r  t e s t e d  by c a l c u l a t i n g  Gauss ian  d i s t r i b u t i o n  p a r a m e t e r s  from each 

group o f  d a t a  ( s ee  ~ f .  3) .  The c a l c u l a t e d  p a r a m e t e r s  a r e  a v e r a g e  d rag  

c o e f f i c i e n t  (C D ) ,  s t a n d a r d  d e v i a t i o n  (DEV), skewness ,  and k u r t o s i s .  
o 
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The average drag coefficient is the most probable value in the drag 
coefficient distribution and is determined by the equation 

N 
C D =(1IN) ,7., C 

o i = l  

~tandard deviation measures the spread of the distribution and is 

calculated by 

[ 
i = l  

Skewness is a measure of the asymmetry of the distribution determined by 

Skewness = 1/N (DEV) Z ( ~  - % 
i = l  

Kurtosls is a measure of the peakedness of the data and was found by the 

equation 

Kur t°si s = [I/N (DEV)4] ~ i = l  (CDi - CDo)4 

The value of N is the total number of drag coefficient data samples in a 

group of data. This value decreased from approximately 1,600 to 700 

samples per group as the test progressed, and on-line evaluation of the 

parachute drag dynamics showed the sample size could be reduced. 

To compare drag dynamics of one decelerator with those of another, 

it is necessary to determine a relative dynamic parameter (RDP). This 

value is calculated by determining a 95-percent probability interval and 

dividing this interval by CDo. In equation form, RDP ffi (Z I + Z2) (DEV)/CDo 

where Z I and Z 2 are parameters derived from the skewness and kurtosls 

values (see Ref. 3) representing a factor of the 95-percent probability 

interval limits (see Appendix II, Ref. 4 for additional information con- 

cerning this method). 

The significance of the relative dynamics parameter (RDP) can be 

readily understood by explaining the drag dynamics of a decelerator 

when values of zero, unity, and two are assigned to the RDP. A value of 

zero implies no dynamics, a value of unity implies that the magnitude of 

dynamics abou~ the average is equal to 50 percent of the average drag 
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c o e f f i c i e n t ,  and a v a l u e  o f  two i m p l i e s  t h a t  t h e  m a g n i t u d e  o f  dynamics  

a b o u t  t h e  a v e r a g e  d rag  c o e f f i c i e n t  v a l u e  i s  e q u a l  t o  100 p e r c e n t  o f  t h e  

a v e r a g e  d rag  c o e f f i c i e n t .  The r e l a t i v e  d r a g  p a r a m e t e r s  o f  t h e  v a r i o u s  

p a r a c h u t e  c o n f i g u r a t i o n s  t e s t e d  a r e  p r e s e n t e d  i n  Tab le  1. 

3A DATA PRECISION 

An e v a l u a t i o n  o f  t h e  i n f l u e n c e  o f  random measurement  e r r o r s  i s  

p r e s e n t e d  i n  t h i s  s e c t i o n  to  p r o v i d e  a p a r t i a l  measu re  o f  t h e  u n c e r t a i n t y  

of the final test results presented in this report. 

3.4.1 Test Conditions 

U n c e r t a i n t i e s  i n  t h e  b a s i c  t u n n e l  p a r a m e t e r s  Po and T O ( s e e  S e c t i o n  2 . 3 )  

and t h e  two-s igma  d e v i a t i o n  i n  Mach number d e t e r m i n e d  f rom t e s t  s e c t i o n  

f l ow  c a l i b r a t i o n s  were  u s e d  t o  e s t i m a t e  u n c e r t a i n t i e s  i n  t h e  o t h e r  f r e e -  

s t r e a m  p r o p e r t i e s ,  u s i n g  t h e  T a y l o r  s e r i e s  method  o f  e r r o r  p r o p a g a t i o n .  

U n c e r t a i n t y  (± ) ,  p e r c e n t  

H H Po To Po P= q® R e  

7.94 0.4 0,1 0.4 1.7 2.4 1.7 1.2 

7.95 0.4 0.1 0.4 1.7 2.4 1.7 1.2 

7.96 0.3 0.1 0.4 1.2 1.6 1.1 1.0 

7.97 0.3 0.1 0.4 1.2 1.6 1.1 1.0 

7.98 0.3 0.1 0.4 1.2 1.6 1.1 1.0 

3A.2 Test Data 

The b a s i c  p r e c i s i o n  o f  t h e  wake p a r a m e t e r  and d r a g  c o e f f i c i e n t s  

was computed  u s i n g  t h e  measurement  p r e c i s i o n  v a l u e s  l i s t e d  i n  S e c t i o n  

2 . 3  w i t h  t h e  a s s u m p t i o n  t h a t  t h e  f r e e - s t r e a m  f low n o n u n i f o r m i t y  i s ' a  

b i a s  t y p e  o f  u n c e r t a i n t y  which  i s  c o n s t a n t  f o r  a l l  t e s t  r u n s .  

12 
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Precision (±) Measured Values 

Hm PtlPo PslP® TTIT o C D 

7.94 0.017 0.122 0.006 0.008 

7.95 0.017 0.110 0.006 0.007 

7.96 0.012 0.081 0.006 0.005 

7.97 0.012 0.076 0.006 0.005 

7.98 0.012 0.072 0.006 0.004 

The uncertainty in forebody angle of attack, as determined from 

tunnel sector calibrations and consideration of the possible errors in 

model deflection calculations, is estimated to be 0~| deE. No estimate 

has been made to take into account strut and cone deflection attributable 

to heating from the tunnel flow. 

Estimates of precision of measurement as given above are normally 

considered a measure of the repeatability to be expected in the test 

results. For these parachute data, however, two factors which can greatly 

influence the results and hence the data repeatability should be noted. 

These are (I) the degree of similltude achieved in the parachute models 

each of which is Indlvldually hand made and (2) the initial behavior 

(dynamics) of the model during the injection sequence which could have an 

unobservable effect upon the material properties and structural integrity 

before data taking begins. 

4.0 RESULTS AND DISCUSSION 

Surveys of the forebody wake were made to determine the local flow- 

field conditions in which the parachutes were tested. These vertical 

surveys consisted of pitot and static pressure and total temperature 

profiles, and these are presented in Figs. 5 through 7. All wake survey 

data were obtained at T = 1,220°R. 
o 
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The p r e s e n t  d a t a  o b t a i n e d  a long  t h e  v e r t i c a l  p l a n e  o f  symmetry o f  

t he  f o r e b o d y  (Y/D = 0) a t  q~ = 1.0 p a l a  a r e  compared w i t h  s i m i l a r  d a t a  

frmn a p r e v i o u s  t e s t  (Ref .  I)  i n  F ig .  5. The d a t a  i n  Ref .  1 were  

o b t a i n e d  a t  T = 1,220 and 860°R u s i n g  t h e  same f o r e b o d y  and suppo r t  
o 

sys t em;  t h e  d a t a  f o r  b o t h  t e a p e r a t u r e s  a r e  p r e s e n t e d  i n  t h e  f i g u r e .  

The p i t o t  and s t a t i c  p r e s s u r e  p r o f i l e s  were  i n  good agreement  w i t h  t he  

p r e v i o u s  d a t a  (F ig .  5a and b ) ,  and t h e  t o t a l  t e m p e r a t u r e  p r o f i l e s  

a g r e e d  w e l l  a t  X/D = 3 .0  and 4 .0  (F ig .  §c ) .  At X/D = 2 .0 ,  t h e  t e m p e r a t u r e  

p r o f i l e s  were  i n  good ag reemen t  o u t s i d e  t h e  wake shock (Z/D > 0 . 3 ) ,  bu t  

d i f f e r e n c e s  were  e v i d e n t  a t  Z/D < 0 .3  f o r  a l l  t h r e e  s e t s  o f  d a t a .  These 

d i f f e r e n c e s  were  a t t r i b u t e d  to  t h e  e f f e c t s  o f  Reynolds  number on t h e  

t e m p e r a t u r e  p robe  r e c o v e r y  c h a r a c t e r i s t i c s  (p robes  were  n o t  c a l i b r a t e d )  

which were  n o t  e v a l u a t e d  i n  e i t h e r  t e s t ;  f u r t h e r m o r e  a d i f f e r e n t  probe  was 

used  i n  t h e  p r e s e n t  t e s t s .  

The e f f e c t s  o f  v a r y i n g  dynamic p r e s s u r e  on t h e  wake s u r v e y  p r o f i l e s  

a r e  i l l u s t r a t e d  i n  F ig .  6 f o r  Y/D = 0. The p r e s s u r e  p r o f i l e s  were  

u n a f f e c t e d  as  shown i n  F i g s .  6a and b. S l i g h t  changes  i n  l e v e l  of  t he  

t e m p e r a t u r e  p r o f i l e  i n s i d e  t h e  wake shock  were  obse rved  (F ig .  6 c ) . .  These 

l e v e l s  i n c r e a s e d  w i t h  q~, which a g a i n  i s  an i n d i c a t i o n  o f  Reynolds  number 

e f f e c t  on t h e  probe  r e s p o n s e .  

P r e s s u r e  and t e m p e r a t u r e  p r o f i l e s  o b t a i n e d  a t  v a r i o u s  l a t e r a l  s u r v e y  

s t a t i o n s  a r e  p r e s e n t e d  i n  P ig .  7. The p r e s s u r e  p r o f i l e s  (F ig s .  7a and b) 

a t  Y/D = 0 .38  and X/D - 3 .0  showed a d i s t u r b a n c e  n e a r  Z/D = O, which 

i n d i c a t e s  t h e  wake shock l o c a t i o n  i n  t h e  h o r i z o n t a l  p l a n e .  The d i s t u r b a n c e s  

a t  Y/D = 0 .67 ,  X/D = 2 .0  and 3 .0 ,  and Z/D - 0 .5  were caused  by f low d i s -  

t u r b a n c e s  from t h e  top  r i g h t  s t r u t  (view l o o k i n 8  ups t ream)  s u p p o r t i n g  t h e  

f o r e b o d y .  

S e l e c t e d  r e s u l t s  o f  t h e  p a r a c h u t e  t e s t s  a r e  p r e s e n t e d  i n  F igs .  8 

t h rough  11 i n  t e rms  o f  a v e r a g e  d rag  c o e f f i c i e n t  (CDo) and r e l a t i v e  dynamic 

p a r a m e t e r  (RDP). A comple te  summary o f  t h e s e  d a t a  i s  p r e s e n t e d  i n  Table  1. 

14 
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The d rag  and dynamic c h a r a c t e r i s t i c s  o f  v a r i o u s  Kev la r  29 p a r a c h u t e  

c o n f i g u r a t i o n s  a t  X/D = 5.0 a r e  p r e s e n t e d  i n  F igs .  8a and b,  r e s p e c t i v e l y .  

Data a r e  shown f o r  two d e c e l e r a t o r  d e s i g n s  w i t h  two canopy d i a m e t e r s .  

Generally, the smaller parachutes developed a higher drag coefficient over 

the dynamic pressure and axlal location ranges, and the drag coefficients 

did not vary as much with qm as did the results for the 8-in. parachutes. 

All configurations approached similar drag coefficient levels at the higher 

dynamic pressures. Figure 8b shows the high dynamic instabilities en- 

countered on the 8-1n. parachutes near q= = 1.25 psia. 

The drag and dynamic characteristics of Kevlar 29 parachute configu- 

ration 250-777 at several X/D locations are illustrated in Fig. 9 for 

T = 860°R. In general, the drag coefficient (Fig. 9a) was maximum at 
O 

the most aft trailing distances (X/D ~ 4.5), where the effects of q® 

were also minimal. At all X/D locations, increasing q® generally increased 

CDo. The dynamic characteristics tended to decrease with increasing X/D 

and q~ as shown in Fig. 9b. 

Results at the two free-stream temperature conditions for a Kevlar 29 

configuration are given in Fig. 10. The limited wake survey data available 

(see Fig. 5) showed little effect of temperature (increase in Re at 

reduced T ) on the pressure profiles, and the differences obtained in the 
o 

parachute characteristics may have been caused by temperature effects on 

the parachute material properties. 

The effects of varying the material, and hence the stiffness and 

porosity, of a configuration 250 parachute at X/D = 4.0 and T = 860°R are 
o 

shown in Fig. ii. For these conditions, the Kevlar parachute had the 

highest drag coefficient and slightly higher dynamics. The BBB parachute 

had the most uniform variation of CDo and RDP with q~ and produced about 

the same drag level as nylon at the higher q~ values. This figure also 

shows a comparison between the present drag data and corresponding da~a 

from Ref. I for the nylon parachutes. These data were in good agreement 

15 
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in trend, and although the CDo was lower for the present data at the 

higher q® values, the agreement was within the data repeatabillty 

o b s e r v e d  i n  Ref .  I .  

I t  s h o u l d  be  n o t e d  t h a t  26 p a r a c h u t e s  were  u sed  i n  t h i s  t e s t  and 

t h a t  o n l y  f i v e  o f  t h e s e  s u r v i v e d .  P h o t o g r a p h s  o f  two t y p i c a l  p a r a c h u t e  

f a i l u r e s  (280 c o n f i g u r a t i o n s )  a r e  p r e s e n t e d  i n  F i g .  12. Some models  were  

l o s t  d u r i n g  t h e  i n j e c t i o n  s e q u e n c e  b e c a u s e  o f  i n i t i a l l y  h i g h  dynamics .  

The l a r g e r  ( 8 - i n . - d i a m )  p a r a c h u t e s  were  p a r t i c u l a r l y  v u l n e r a b l e ,  and 

t e s t i n g  on t h e s e  was r e s t r i c t e d  t o  t h e  more  a f t  t r a i l i n g  d i s t a n c e s  (X/D > 

4 . 0 ) .  T y p i c a l  shadowgraphs  w i t h  p a r a c h u t e s  i n  t h e  f o r e b o d y  wake a r e  shown 

i n  F i g .  13. 

5.0 CONCLUDING REMARKS 

The r e s u l t s  o f  t h e  wake s u r v e y  and d e c e l e r a t o r  i n v e s t i g a t i o n  may be 

summarized as  f o l l o w s :  

. For  t h e  most  p a r t ,  t h e  wake s u r v e y  p r e s s u r e  and 

t e m p e r a t u r e  p r o f i l e s  a g r e e d  w i t h  t h e  p r e v i o u s  d a t a  

o b t a i n e d  i n  R e f .  1 u s i n g  t h e  same f o r e b o d y  cone and 

s u p p o r t  s y s t e m .  

. G e n e r a l l y ,  d e c e l e r a t o r  d r ag  i n c r e a s e d  w i t h  i n c r e a s i n g  

a x i a l  l o c a t i o n  a n d / o r  i n c r e a s i n g  f r e e - s t r e a m  dynamic  

pressure. 

3. T y p i c a l l y ,  p a r a c h u t e  d e s i g n  2 d e v e l o p e d  s l i g h t l y  

more  d r a g  t h a n  d e s i g n  5,  o v e r  t h e  X/V and q~ r a n g e s .  

16 
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Configuration 250 

b. 

Configuration 550 

Parachute configurations 250 and 550 
Figure 3. Continued. 
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Configuration 280 

C. 

Configuration 580 

Parachute configurations 280 and 580 
Figure 3. Concluded. 
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Figure 7. Continued. 
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NOMENCLATURE 

C D 

CD i 

C D 
0 

D 

Drag c o e f f i c i e n t ;  drag fo rce /q®( , )  

Each i n d i v i d u a l  C D in  a group of da ta  

Average drag c o e f f i c i e n t  

Forebody cone base d iameter  (6 i n . )  

Total axlal force, ib 

Normal f o r c e ,  lb 

Fy Side f o r c e ,  lb 

M 
o ~  

Free-stream Mach number 

N Total number of drag coefficient data samples in a group 

Po Free-stream stagnation pressure, psla 

po Calculated total pressure behind a normal shock, psia 

Ps Measured cone static pressure, psla 

Pt Measured pltot pressure, psia 

P® Free-stream static pressure, psla 

q. Free-stream dynamic pressures psia 
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RDP • R e l a t i v e  dynamic  p a r a m e t e r  

Re 

S 

Y r e e - s t r e a m u n i t  Reyno lds  number ,  1 / f t  

P a r a c h u t e  r e f e r e n c e  a r e a ,  i n . 2 ;  f o r  5 - i n . - d t a m  c a n o p y ,  

S ffi 19.635 i n . 2 ;  f o r  8 - t n . - d i a m c a n o p y ,  S = 50 .265 i n .  2 

T 
0 

Free-stream stagnation temperature, °R 

T T Measured  p robe  t e m p e r a t u r e ,  °R 

X/D Prob~ p o s i t i o n  i n  a x i a l  d i r e c t i o n  d i v i d e d  by f o r e b o d y  

cone  b a s e  d i a m e t e r  (6 i n . )  

Y/D Probe  p o s i t i o n  i n  l a t e r a l  d i r e c t i o n  d i v i d e d  by f o r e b o d y  

cone  b a s e  d i a m e t e r  (6 i n . )  

P robe  p o s i t i o n  i n  v e r t i c a l  d i r e c t i o n  d i v i d e d  by f o r e b o d y  

cone  b a s e  d i a m e t e r  (6 i n . )  

ZlJZ 2 P a r a m e t e r s  d e r i v e d  from skewness  and k u r t o s t s  v a l u e s  
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