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I 

ABSTRACT 

A tes t  was  conducted in the P ropu l s ion  Wind Tunnel,  Superson ic  
(16S), to de t e rmine  deployment  c h a r a c t e r i s t i c s  and a e r o d y n a m i c  p e r -  
f o r m a n c e  of Superson ic  X p a r a c h u t e s  having g e o m e t r i c  po ros i t i e s  of 
13.4,  26 .0 ,  and 5g. 2 percen t .  Deployments  we re  m a d e  f r o m  a 
cy l indr ica l  fo rebody  having a f l a r ed  aft sec t ion  at f r e e - s t r e a m  Mach 
n u m b e r s  of 2 . 1  and  4 . 0  at a nominal  f r e e - s t r e a m  dynamic  p r e s s u r e  of 
80 psf. All of the p a r a c h u t e s  t e s t ed  fa i led  shor t ly  a f t e r  deployment ,  
and no da ta  w e r e  obtained at Mach n u m b e r s  o ther  than the deployment  
Mach number s .  
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SECTION I 
INTRODUCTION 

Supersonic  a e r o d y n a m i c  d e c e l e r a t o r s  a re  scheduled for  r o c k e t -  
powered f r e e - f l i g h t  and capt ive s led deve lopment  t e s t s  by the Nat ional  
Aeronau t ics  and Space A d m i n i s t r a t i o n  (NASA), Lang ley  R e s e a r c h  
Center  and the  AFFDL,  r e s p e c t i v e l y ,  to d e t e r m i n e  op t imum d e c e l e r -  
a tor  conf igura t ions  fo r  spec i f ic  d e c e l e r a t o r  s y s t e m  appl icat ion.  P r i o r  
knowledge of the effect  of va r ious  d e c e l e r a t o r  des ign  p a r a m e t e r s  on the 
p e r f o r m a n c e  c h a r a c t e r i s t i c s  of va r ious  d e c e l e r a t o r  types  would p ro -  
vide the data n e c e s s a r y  to l i m i t  the s e l ec t i on  of d e c e l e r a t o r s  to be 
inves t iga ted  in f r e e - f l i gh t  and captive s led  deve lopment  t e s t s .  The 
effect of va r ious  des ign  p a r a m e t e r s  on the p e r f o r m a n c e  c h a r a c t e r i s t i c s  
of t h r e e  types  of d e c e l e r a t o r s  will be inves t iga ted  in a t h r e e - p h a s e  t e s t  
p r o g r a m  conducted in Tunnel  16S of the P ropu l s i on  Wind Tunnel  F a c i l i t y  
at Mach number s  f r om 2.0  to 4 .5 .  The purpose  of Phase  I t e s t s ,  r e -  
por ted  he re in ,  was to d e t e r m i n e  dep loyment  c h a r a c t e r i s t i c s  and a e r o -  
dynamic  p e r f o r m a n c e  of Supersonic  X pa rachu te s  having g e o m e t r i c  
po ros i t i e s  of 13.4,  26.0 ,  and 59.2 pe rcen t .  The pa rachu te s  were  
deployed at Mach number s  of 2.1 and 4 .0  at a nomina l  f r e e - s t r e a m  
dynamic  p r e s s u r e  of 80 psf. The purpose  of Phase  H t e s t s  will  be to 
d e t e r m i n e  p e r f o r m a n c e  c h a r a c t e r i s t i c s  of D i sc -Gap -Band  pa r achu t e s  
and towed ba l lu tes .  The purpose  of Phase  HI t es t s  will be to d e t e r m i n e  
p e r f o r m a n c e  c h a r a c t e r i s t i c s  of a t tached inf la tab le  d e c e l e r a t o r s .  

SECTION II 
APPARATUS 

2.1 TEST FACILITY 

Tunnel  16S is a c l o s e d - c i r c u i t ,  continuous flow wind tunnel  that  
p r e s e n t l y  can be opera ted  at Mach number s  f r o m  1.70 to 4 .75.  The  
tunnel  can be opera ted  over  a s tagna t ion  p r e s s u r e  range  f r o m  200 to 
app rox ima te ly  2300 psfa.  The tes t  sec t ion  s tagna t ion  t e m p e r a t u r e  
can be con t ro l l ed  th rough  the range  of 100 to app rox ima te ly  620°F. 
The tunnel  spec i f i c  humidi ty  is con t ro l l ed  by r emov ing  tunnel  a i r  and 
supplying condi t ioned makeup  a i r  f r o m  an a t m o s p h e r i c  d rye r .  

A ske tch  showing the model  l oca t ion  and s t ru t  suppor t  a r r a n g e m e n t  
in Tunnel  16S is p r e sen t ed  in Fig. 1, Appendix I. A m o r e  comple te  
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desc r ip t i on  of the wind tunnel and its opera t ing  c h a r a c t e r i s t i c s  is con-  
ta ined in the Tes t  F a c i l i t i e s  Handbook. 1 

2.2 TEST ARTICLES 

2.2.1 Model Forebody and Deployment System 

The pa rachu tes  t e s t ed  during th is  inves t iga t ion  were  deployed f r o m  
a s t r u t - m o u n t e d  cy l ind r i ca l  forebody having a f l a r ed  aft sec t ion .  Dimen-  
s ions  of the forebody a re  p r e s e n t e d  in Fig. 2, and a wind tunnel  i n s t a l l a -  
t ion photograph of the model  is shown in Fig. 3. 

The parachu te  pack was placed in the fo rebody  s towage c o m p a r t m e n t  
agains t  a sp r ing - loaded  plate.  Four  r e s t r a i n i n g  s t r aps ,  connected  to -  
ge ther  by a r e l e a s e  pin, were  used to hold the parachu te  pack agains t  the 
sp r ing - loaded  plate.  The parachu te  r i s e r  l ine  was affixed to the f o r e -  
body through a swivel  and load  cel l  a r r a n g e m e n t .  A s h e a r  pin, des igned 
to p ro tec t  the load  cel l ,  connected the r i s e r  l ine  to the swivel .  The 
purpose  of the swivel  was to prevent  twis t ing  of the pa rachu te  suspens ion  
l ines .  A ske tch  showing the model  forebody de ta i l s  and the a t t achment  
of the r i s e r  l ine  to the fo rebody  is p r e sen t ed  in Fig. 4, and a photograph  
of the forebody with a stowed pa rachu te  pack is shown in Fig. 5. Also 
shown in Fig. 5 is the pyro techn ic  r e l e a s e  pin m e c h a n i s m  that  was used 
to in i t ia te  pa rachu te  deployment .  

2.2.2 Parachute Details 

A d imens ioned  ske tch  of the Superson ic  X pa rachu te  is p r e s e n t e d  in 
Fig. 6, and the cloth gore  d imens ions  of the Superson ic  X-2, X-3,  and 
X-4 pa rachu tes  t e s t ed  a re  p r e sen t ed  in Fig. 7 in t abu la r  fo rm.  The 
pa rachu te s  were  cons t ruc ted  of a r e l a t i v e l y  nonporous  cloth with a s ing le  
exit opening that  con t ro l l ed  the a i r f low through  the canopy. The p a r a -  
chutes had a m a x i m u m  pro jec t ed  d i a m e t e r  of 3 .5  ft and were  loca ted  
9.428 ft aft of the forebody base  plane. The g e o m e t r i c  p o r o s i t i e s ,  based  
on the canopy en t r ance  and exit  a r e a s ,  of the Supersonic  X-2, X-3,  and 
X-4 pa rachu tes  were  13.4,  26.0 and 59.2 percent ,  r e spec t i ve ly .  

1Test  F a c i l i t i e s  Handbook (7th Edit ion).  " P r o p u l s i o n  Wind Tunnel  
Fac i l i ty ,  Vol. 5. " Arnold Eng inee r ing  Development  Cen te r ,  Ju ly  1968. 

2 
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2.3 INSTRUMENTATION 

A 5000-11~ capaci ty ,  doub le -e l emen t  load cell ,  i n s ta l l ed  in the mode l  
forebody,  was used to m e a s u r e  the drag  fo rce  of the pa rachu te s  within 
an accu racy  of +10f. Four  m o t i o n - p i c t u r e  c a m e r a s  and two t e l e v i s i o n  
c a m e r a s ,  ins ta l l ed  in the t e s t  sec t ion  wal ls ,  were  used to document  and 
mon i to r  the tes t .  

The outputs f r om the load cel l  were  digi t ized and code punched on 
paper  tape fo r  on- l ine  data r educ t ion  and were  r e c o r d e d  on magne t i c  
tape by a h igh- speed  digi ta l  r e c o r d i n g  s y s t e m  at a sampl ing  r a t e  of 
1000 per  second fo r  of f - l ine  data  reduct ion .  These  outputs were  a l so  
cont inuously  r e c o r d e d  on d i r e c t - w r i t i n g  and f i lm pack osc i l l og raphs  for  
mon i to r ing  pa rachu te  drag dynamics .  

SECTION III 
PROCEDURE 

The parachute pack, which consisted of a parachute enclosed in a 
deployment bag, was packed in the forebody stowage compartment 
before wind tunnel test operation was initiated. Once the prescribed 
test conditions were established, a countdown procedure was used to 
sequence data acquisition during parachute deployment. The deploy- 
ment procedure consisted of activating the recording oscillographs, 
test section cameras, and the high-speed digital recording system, 
followed by firing a pyrotechnic squib in the release pin mechanism. 
Upon completion of the parachute deployment sequence, steady-state 
drag loads were calculated by averaging the analog outputs from the 
load cell  over  1 - sec  i n t e rva l s .  Drag d i s t r ibu t ion  p a r a m e t e r s ,  such 
as ave rage  drag  coeff ic ient ,  s t anda rd  deviat ion,  skewness ,  and k u r -  
tos i s ,  of the dynamic  drag  data  r e c o r d e d  by the h igh - speed  digi ta l  
r e c o r d i n g  s y s t e m  were  ca lcu la ted  by us ing a s t a t i s t i c a l  ana lys i s  p ro -  
g r a m  (Appendix II). 

One Superson ic  X-2 parachute ,  one Superson ic  X-3 pa rachu te ,  and 
two Supersonic  X-4 pa rachu te s  were  t es ted .  The Superson ic  X-2 and 
X-3 pa rachu te s  were  deployed at Mach number  4 .0 ,  and the Superson ic  
X-4 pa rachu te s  were  deployed at Mach number  2.10 at a nomina l  f r e e -  
s t r e a m  dynamic  p r e s s u r e  of 80 psf. The model  forebody angle of a t tack  
and angle of s i de s l i p  were  ze ro  deg at all  t e s t  condi t ions .  

S 
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SECTION IV 
RESULTS AND DISCUSSION 

4.1 PARACHUTE DYNAMIC CHARACTERISTICS 

D r a g - t i m e  h i s t o ry  t r a c e s  of the pa rachu te  dep loyments  a r e  p r e s e n t e d  
in Fig.  8. Ana lys i s  of the mot ion  p ic tu re  f i lms  of each  p a r a c h u t e  deploy-  
ment  sequence  showed that  the canopies  of the Superson ic  X-2 and X-3 
p a r a c h u t e s  were  not ful ly inf la ted at the deployment  Mach n u m b e r  of 4 . 0  
and that  the canopies  of the Supersonic  X-4 p a r a c h u t e s  w e r e  poor ly  in-  
f la ted  at the deployment  Mach n umber  of 2 .1 .  Pu l s ing  of the p a r a c h u t e  
canopy was obse rved  for  all  of the p a r a c h u t e s ,  and the a v e r a g e  pulse  r a t e  
fo r  all p a r a c h u t e s  ove r  an 8 - s e c  in t e rva l  was  a p p r o x i m a t e l y  4 . 5  pu l ses  
pe r  second.  All of the p a r a c h u t e s  exhibi ted negl igible  t r a n s l a t i o n a l  
motion,  and the canopy ro ta t ion  r a t e ,  al though s p o r a d i c  fo r  each  p a r a -  
chute, v a r i e d  f r o m  0 to a p p r o x i m a t e l y  60 r p m .  All of the  p a r a c h u t e s  
t e s t ed  fa i led  shor t ly  a f t e r  deployment ,  and no da ta  w e r e  obtained at 
Mach n u m b e r s  o ther  than  the deployment  Mach number  t e s t  condit ions.  

The dynamic  d r a g  c h a r a c t e r i s t i c s  of each  p a r a c h u t e  t e s t ed  were  
d e t e r m i n e d  f r o m  a s t a t i s t i c a l  ana lys i s  p r o g r a m  (Appendix II). Dynamic  
d rag  coeff ic ient ,  d i s t r ibu t ion  plots fo r  each  pa rachu te  at the deployment  
Mach number  t e s t  condit ion a r e  p r e s e n t e d  in Fig.  9. D r a g  d i s t r ibu t ion  
p a r a m e t e r s ,  a v e r a g e  d rag  coeff ic ient ,  s t a n d a r d  deviat ion,  s k e w n e s s ,  and 
k u r t o s i s ,  a r e  t abu la ted  on each  plot. Also shown on each  plot is the 
95 -pe rcen t  confidence leve l  in t e rva l  ca lcu la ted  f r o m  the va lues  of the 
d rag  d i s t r ibu t ion  p a r a m e t e r s .  This  in t e rva l  can be i n t e r p r e t e d  as r e p r e -  
sent ing  a qual i ta t ive  m e a s u r e m e n t  of the pa rachu te  d rag  dynamics  at a 
95 -pe rcen t  confidence level .  Each  of t he se  plots  s u m m a r i z e s  the  i n f o r m a -  
tion obtained f r o m  a p p r o x i m a t e l y  16,000 da ta  s a m p l e s  f o r  each  p a r a c h u t e  
tes ted .  In g e n e r a l ,  t he se  plots  show that  a d r a g  coeff ic ient  va lue  l e s s  
than the a v e r a g e  d r a g  coeff ic ient  va lue  o c c u r r e d  m o s t  often. A s u m m a r y  
of the  pa rachu te  dynamic  s t a t i s t i c a l  ana lys i s  r e s u l t s  is  p r e s e n t e d  in 
Table  I (Appendix HI). 

4.2 PARACHUTE STEADY.STATE PERFORMANCE 

The v a r i a t i o n  of p a r a c h u t e  a v e r a g e  d r a g  coeff ic ient  with f r e e - s t r e a m  
Mach n u m b e r  is shown in Fig.  10. The da ta  p r e s e n t e d  in Fig.  10 w e r e  
obtained by ave rag ing  the analog output of the load  cell  ove r  1 - s e c  i n t e r -  
va l s ,  and these  da ta  a g r e e  with the a v e r a g e  d r a g  coeff ic ient  va lues  d e t e r -  
mined  f r o m  the s t a t i s t i c a l  ana lys i s  p r o g r a m  (Table  D. As shown in 
Fig. 10, the d r a g  coeff ic ients  of the  Superson ic  X-2 and X-3 p a r a c h u t e s  
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are  in c lose  a g r e e m e n t  even though the g e o m e t r i c  po ros i ty  of the Super -  
sonic  X-3 pa rachu te  was 94 pe rcen t  g r e a t e r  than that  of the Superson ic  
X-2 parachute .  The drag  coeff ic ient  va lues  of the two Superson ic  X-4 
pa rachu te s  ag ree  well ,  which is indica t ive  of good da ta  r e p e a t a b i l i t y  
at Mach number  2.1.  

SECTION V 
CONCLUDING REMARKS 

Tes t s  were  conducted to d e t e r m i n e  deployment  c h a r a c t e r i s t i c s  and 
a e r o d y n a m i c  p e r f o r m a n c e  of Supersonic  X-2,  X-3, and X-4 pa rachu te s  
having g e o m e t r i c  po ros i t i e s  of 13.4,  26.0 ,  and 59.2 pe rcen t ,  r e s p e c -  
t ively .  One Superson ic  X-2 parachute ,  one Superson ic  X-3 pa rachu te ,  
and two Supersonic  X-4 pa rachu te s  were  tes ted .  The Superson ic  X-2 
and X-3 pa rachu te s  were  deployed at Mach number  4 .0 ,  and the Super -  
sonic  X-4 pa rachu te s  were  deployed at Mach number  2.1 at a nomina l  
f r e e - s t r e a m  dynamic  p r e s s u r e  of 80 psf. 

All pa rachu te s  fa i led  s h o r t l y  a f t e r  dep loyment ,  and no data  were  
obtained at Mach n u m b e r s  o ther  than the dep loyment  Mach number s .  
All of the pa rachu te s  exhibi ted spo rad ic  puls ing of the canopy and had 
negl ig ib le  t r a n s l a t i o n a l  mot ion.  The canopies  of the Supersonic  X-2 
and X-3 pa rachu te s  were  not ful ly  inf la ted at the deployment  Mach num-  
ber  of 4 .0 ,  and the canopies  of the Superson ic  X-4 pa rachu tes  were  
poor ly  inf la ted at the deployment  Mach number  of 2 .1 .  
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APPENDIX II 
STATISTICAL ANALYSIS PROGRAM 

A s t a t i s t i c a l  p r o g r a m  was u s e d  to ana lyze  the  p a r a c h u t e  d y n a m i c  
d r a g  da ta  r e c o r d e d  by a h i g h - s p e e d  d ig i t a l  r e c o r d i n g  s y s t e m  at a s a m -  
pl ing r a t e  of 1000 p e r  s econd .  In g e n e r a l ,  the  s t a t i s t i c a l  p r o g r a m  
p e r m i t t e d  a q u a l i t a t i v e  eva lua t i on  to be m a d e  of the  d y n a m i c  d r a g  c h a r -  
a c t e r i s t i c s  of e a c h  p a r a c h u t e  t e s t e d  du r ing  th i s  i n v e s t i g a t i o n .  The  f i r s t  
four  " c e n t r a l  m o m e n t s "  - a v e r a g e  d r a g  coe f f i c i en t ,  s t a n d a r d  dev i a t i on ,  
s k e w n e s s ,  and k u r t o s i s  - w e r e  d e t e r m i n e d  f r o m  e a c h  g r o u p  of da ta  
s a m p l e s  ob ta ined  fo r  e a c h  p a r a c h u t e  t e s t e d ,  and t h e s e  v a l u e s  w e r e  
i n s p e c t e d  fo r  c o n f o r m i t y  to a n o r m a l  (or  Gauss i an )  d i s t r i b u t i o n  fo r  the  
p u r p o s e  of d e t e r m i n i n g  con f idence  l e v e l s .  The  s i g n i f i c a n c e  of e a c h  
c e n t r a l  m o m e n t  (or  d i s t r i b u t i o n  p a r a m e t e r s  as they  a r e  r e f e r r e d  to in 
t h i s  r e p o r t )  and the  c o m p u t e r  p r o g r a m  w r i t t e n  to ob ta in  t h e s e  p a r a m - -  
e t e r s  a r e  b r i e f l y  d i s c u s s e d .  

' l k  

DRAG DISTRIBUTION PARAMETERS 

Average Drag Coefficient (CDp) 

T he  a v e r a g e  va lue  of a f in i t e  n u m b e r  of o b s e r v a t i o n s  is  the  m o s t  
p r o b a b l e  va lue  of the  quant i ty .  E x p r e s s e d  m a t h e m a t i c a l l y  in t e r m s  of 
d r a g  coe f f i c i en t :  

w h e r e  

CDp = ~ ~ NiCDpi 
t= 1 

CDpi = CDpl '  CDp2'  " ' ' ' "  CDpn = m e a n  d r a g  coe f f i c i en t  

va lue  of e a c h  ce l l  

N i - N 1, N 2, . . . . .  N n = n u m b e r  of d r a g  coe f f i c i en t  
v a l u e s  of e a c h  ce l l  

N = N 1 + N 2 + . . . . .  +N n = to ta l  n u m b e r  of s a m p l e s .  

Standard Deviation (~) 

The  s t a n d a r d  d e v i a t i o n  is t he  r o o t - m e a n - s q u a r e  d e v i a t i o n  of the  
m e a n  d r a g  coe f f i c i en t  va lue  of each  ce l l  f r o m  the  a v e r a g e  d r a g  c o e f -  
f i c i e n t  va lue .  E x p r e s s e d  m a t h e m a t i c a l l y ,  

23 
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Skewness (V~) 

I I F  m J i 

= N i ( C D p |  - CDp 
' . . . i= I - 

Skewness  is  a m e a s u r e  of the a s y m m e t r y  of a d i s t r ibu t ion .  The 
d i s t r i bu t i on  is  sa id  to be pos i t i ve ly  or  nega t i ve ly  skewed depending on 
whe the r  the  d i s t r i bu t i on  extends  to the r igh t  or  lef t  of the ave r age  
d rag  coef f ic ien t  va lue ,  r e s p e c t i v e l y .  E x p r e s s e d  m a t h e m a t i c a l l y  and 
n o r m a l i z e d  with r e s p e c t  to s t anda rd  deviat ion,  

1 1  

I 
= No.1 ~. Ni ( C D p i -  CDp) s 

i=1 

Kurtosis (/32) 

K u r t o s i s  is  a m e a s u r e  of the peakedness  of the d i s t r ibu t ion .  
E x p r e s s e d  m a t h e m a t i c a l l y  and n o r m a l i z e d  with r e s p e c t  to s t anda rd  
devia t ion ,  

~2 = N-~I ~ Ni (CDpi  - CDp)4 
I= 1 

The ave rage  d rag  coeff ic ient  and s t anda rd  devia t ion  a r e  the  m o s t  
s ign i f i can t  p a r a m e t e r s  of a d i s t r i bu t ion  of data,  w h e r e a s  both skew-  
n e s s  and k u r t o s i s  a r e  impor t an t  in tha t  they  indica te  how we]/ an actual  
d i s t r i bu t ion  confo rms  to a n o r m a l  d i s t r ibu t ion .  F o r  a n o r m a l  d i s t r i b u -  
t ion,  s k e w n e s s  is z e r o  and k u r t o s i s  has  a va lue  of th ree .  If k u r t o s i s  
for  an actual  d i s t r i bu t ion  is  g r e a t e r  than  t h r e e ,  the d i s t r i bu t i on  is m o r e  
peaked than a n o r m a l  d i s t r ibu t ion ,  and if k u r t o s i s  is l e s s  than  t h r ee ,  
the d i s t r i bu t ion  is l e s s  peaked than a n o r m a l  d i s t r ibu t ion .  

The s t anda rd  devia t ion  for  a n o r m a l  d i s t r i bu t i on  uniquely  def ines  
the pe r cen t age  of all  data  that  fa l l  be tween spec i f i ed  conf idence l e v e l s .  
Fo r  example ,  68.27,  95.45,  and 99.73 pe rcen t  of al l  data  wil l  fa l l  
be tween +lu,  +2~, and ±3~, r e s p e c t i v e l y ,  if the d i s t r i bu t ion  is  a n o r m s /  
d i s t r ibu t ion .  F o r  an actual  d i s t r i bu t i on  use  of the  P e a r s o n  d i s t r i bu t i on  
app rox ima t ion  2, which is  a funct ion of skewnes s  and k u r t o s i s ,  p e r m i t s  

~ m  

2Hahn, Gera ld  J.  and Shapiro ,  Samuel  S. S ta t i s t i ca l  Models in 
Engineel- ing,  John  Wiley  and Sons, In'c., New York ,  1967. 

O '  
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an eva lua t ion  to be made  of the p e r c e n t a g e  of all  data  tha t  fa l l  be tween  
spec i f i ed  confidence l eve l s .  F o r  th i s  inves t iga t ion ,  the P e a r s o n  d i s -  
t r ibu t ion  app rox ima t ion  was used because  t he  d i s t r i bu t i on  of p a r a c h u t e  
dynamic  d rag  data  did not conform to a n o r m a l  d i s t r i bu t i on  with suf-  
f i c ien t  a c c u r a c y  to ju s t i fy  the  use  of the  confidence l e v e l s  i nhe ren t  fo r  
a n o r m a l  d i s t r ibu t ion .  

• The mos t  s ign i f i can t  por t ion  of the compute r  p r o g r a m  that  was 
w r i t t e n  to obtain the d i s t r i bu t ion  paramet.ers ' -of  the pa rachu te  dynamic  
d rag  data  was the p r o c e d u r e  fol lowed fo r  g roup ing ' t he  da ta  into a 
f in i te  n u m b e r  of ce l l s  that  covered  the r ange  of d rag  coeff ic ient  va lues  
r e c o r d e d  by the h i g h - s p e e d  digi ta l  r e c o r d i n g  s y s t e m .  Each  cel l  was 
a s s igned  a g iven r ange  of drag  coeff ic ient  va lues  and a m e a n  d rag  coef-  
f i c ien t  va lue  that  was the ave rage  of tha t  r ange .  All ce l l s  w e r e  of equal  
span,  and a to ta l  of 50 ce l l s  with app rop r i a t e  cel l  bounda r i e s  was ade-  
quate for  def ining the d i s t r i bu t ion  dens i ty  plots  p r e s e n t e d  in th i s  r e p o r t .  
The d i s t r i bu t i ons  dens i ty  plots  p r e s e n t e d  in th i s  r e p o r t  r e p r e s e n t  the  
i n fo rma t ion  obtained f r o m  a p p r o x i m a t e l y  16,000 data  s a m p l e s  for  each  
pa rachu te  t es ted .  
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