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An investigation has been  conducted i n  the Langley  20-foot free- 
spinning  tunnel  to  study the behavior i n  descent  of  hemispherical and 
quasi-conical  paPachutes, some having  various types of asymmetrical 
canopy modifications and each having 8 right  circular  .cylinder suspended 
by one end below the prachute .  The purpose of the t e s t s  was t o  deter- 
mine whether a parachute  could be made t o  lower the  cylinder  with a 
l a t e r a l  component of the flight path.  Eighteen  14-inch-diameter 
parachutes were tested.  " 

The r e su l t s  of the tests indicated  that  the desired f l i g h t  
characteristics  in  descent  could  be  obtained  by a circular  cutout in 
the  side of the canopy of a hemispherical  parachute or  by a large .slit 
cut between two panels  of a quasi-conical  parachute.  Analysis of the  
resul ts   indicated  that   construct ion details such as the canopy porosity 
and the size of  t he  asymmetric canopy modification may have  important 
e f fec ts  on the descent  characterist ics and  should be given  consideration 
i n  the select ion of any parachute t o  be used i n  lowering a specif ic  
parcel with a prescribed  descent v e l x i t y  and la te ra l   ve loc i ty .  

INTROIXJCTION 

The National Advisory Committee for  Aeronautics  ha^ conducted  an 
investigation i n  the Langley  20-foot  free-spinning  tunnel t o  study the 
behavior i n  descent of each of  eighteen  14-inch-diameter  hemispherical 
and quasi-conical  parachutes, some having  various types of asymmetric 
canopy modifications and each  having 8 r ight   c i rcular   cyl inder  suspended 
by one end below the  parachute. I n  the wind-tunnel tests, the   imedia te  
purpose w m  t o  determine whether any of the  eighteen  parachutes  could be 
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made t o  lower the  cylinder  h5th a l a t e r a l  .component of the  f l ight   path,  
The behavior In  descent of each  parachute-cylinder  configuration  inves- 
t igated i s  reported  herein, and the  general   effects of  each  asymmetrical 
canopy modification  are  discussed. 

APPARATUS 

Wind Tunnel 

The wind-tunnel tests of this investigation were ma& i n   t h e  
Langley 20"foot free-spinning  tunnel. T h i s  tunnel was used  because it 
has a ve r t i ca l ly   r i s ing   a i r  stream i n  the  testing  area and therefore 
was a convenient aEp.matus t o  use in  investigating  experimentally  the 
behavior i n  descent  oQthe  parachute-cylinder  configurationa. The- 
tunnel has an airspeed range up t o  about 95 feet   per second. 

Parachutes 

The eighteen  parachutes  used i n  the investigation are l isted in 
table  I. Each parachute had a preformed- canopy with a projected  diameter 
of .approximately 14 €nches'w.kn inf la ted and had eight shroud  line6 
attached at approximately  equidistant  locations around the  periphery of 
the canopy. Sixteen  of  the  canopies, when inflated,  appeared a6 hemi- 
spherical', and the- other- two appeared  as  quasi-conical. One of the hemi- 
spherical  .parachutes. was, made. by .6titchi_ng  together  eight approximately 
triangular  panels, a s  can be segn from the'  sketch a.nd photograph i n  f ig-  
ure 1. The other  fifteen  hemispherical  parachutes were made by s t i tch ing  
panels  together in such a manner tha t .   t he  canopy appeared somewhat similer 
t o  one-half of a baseball  cover;  the manner i n  which these  hemispherical 
parachutes were constructed i s  i l l u s t r a t ed  by the  sketch and photograph 
i n  figure 2 and is similar t o  that used  in, making aome parachutes  for 
previous investigations i n  which the  effects  of various design variables 
on drag, s tab i l i ty ,  and opening characterietics of parachutes were 
evaluated  (references 1 and 2). Sketches of  various asyMmetric modifi- 
cations  used on these  parachutes are shown i n  figure 3. One additional 
asymmetric modification  not shown i n  the FTgure consisted of  using ~ 

cloth of  d i f fe ren t   poros i t ies   in  the two sets of  adjacent  side  panels. 
The two quasi-conical  parachutes are i l l u s t r a t e d  i n  the sketches and 
photographs of figure.s 4 and 5 and were made by sti tching  together four  
and eight,  respectively,  approximately triangular panels. A s  can be 
seen i n  the.f igures ,  both of the  quasi-conical  parachutes had a s l i t  i n  
the  side of the canopy ,between two panels. In  addition t o  the mdifi- 
cations  already  discussed,  the  parachutes  varied in  two other  design 
features which werenot  ccmsidered t o  be of importance i n  this 
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investigation. These var ia t ions were: we of shroud l i n e s  16 inches 
long on some parachutes  and 19 inches long on others, and arbi t rary  use 
of  partially  free  "pull-out"  cords  in the l o q e  a t  the bottom of the 
canopy causing a slight gathering at  the edge-of the in f l a t ed  canopy 
( i l l u s t r a t ed  i n  f igs .  8 and 9 of reference 1). The re su l t s  of  a previous 
investigation (reference 1) did not   indicate  that these variatiohs in 
themselves would have an appreciable effect on the a t t i t u d e  of the - 

parachutes i n .  descent, and inasmuch as they were not  asymmetrical modi -  
fications,  they would not be  expected t o  cause a  lateral flight c-t 
of the  parachute and cylinder. 

._I 
-..I 

The porosity numbers listed in tab le  I were specified by the 
parachute  manufacturers and are given as the cubic feet of air  that 
would pass  through 1 squaw  foot .of  the cloth per minute  under R 

pressure of 1/2 inch of water. Double-thicknees crown panels,  such as 
were used on five of the hemispherical  parachutes (table I), and aem 
construction between panels  probably affected the  over-al l   effect ive 
porosity of the  parachute  canopies somewhat. 

Cylinder 

The cylinder  used  with  the  parachutes  in  this  investiga,  +1 
right circular  cylinder made of balsa with a length of 10.5 inches, a 
diameter of 3.625 Fnches, a sharp-edge  upper surface  (surface  attached 
t o  parachute shroud lines) and 8 lower surface rounded t o  a radius 
of 0.25 inch at i ts  edge. A sketch of the  cylinder i s  shown in   f i g -  
ure 6. The cylinder was ballasted with lead so that t h e   t o t a l  weight 
of parachute md cyllnder would result i n  -rates of descent  convenient 
t o   t e s t   i n  the tunnel. The ballasted cylinder weighed approximately 
4.1 pounds. 

.on was a 

For the wind-tunnel tests of this investigation,  each  parachute 
in  turn  was.attached t o  the top edge of the  cylinder  by means of four 
4.125-inch l ines  connecting  the  shroud-line  intersection  point  to  four 
approximately equidistant points  around  the  perip-hery of the cylinder. 
(See f i g .  '6. ) The parachute-cylinder  configuration was re l eased   t o  
f l o a t  freely i n   t h e   v e r t i c a l l y  rising air stream o f  the  tunnel and the 
descent  velocfty was recorded as the  airspeed  necesiiry  to  hold  the 
parachute and cylinder a t  test level.  V i s u a l  observations and  motion 
pictures were made of  the  behavior  of  the  parachute  and  cylinder,  and 

' notes were made as t o  whether  an  appreciable hteral component  of the 
f l igh t   pa th  was present and as to   t he   : a t t i t ude  and t o   t h e  motions  of *he 
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parachute and cylinder  during  the test. A parachute was adjudged to 
have provided  an  appreciable  lateral  flight component when the  parachute- 
cylinder  configuration  repeatedly  traveled  laterally  across  the  tunnel 
i n  a consistent manner. The results were analyzed to   obtain some idea 
as to  the  general   effectiveness of each asymmetric canopy modification 
in  obtaining  the  desired  descent  characterist ics.  

RESULTS AND DISCUSSION 

The remilts of  the wind-tunnel t e s t s  of this investigation  are 
presented in   t abular  form i n   t a b l e  I. 

When the  parachutes which had no asymmetric canopy modification 
were used  with  the  cylinder,  they did not  cause any appreciable  lateral  
f l i gh t  component.  The parachute-cylinder  configurations descended with 
i r regular   osci l la t ions and inappreciable lateral motione. For these 
parachutes, small i r regular  lateral motions were sometimes .obtained when 
the  parachute and cylinder  leaned  to a side during 8n osc i l la t ion  and 
the   l a t e ra l  motion was toward the side t o  which the  parachute  leaned. 
This  behavior of the  symmetrically  constructed  parachute and cylinder 
configuratione  appeared to be generally  the same as  the  behavior  of 
similar parachutes with weights used i n  the investigations  reported i n  
references 1 and 2. Brief t e s t s   i n  which the  cylinder was replaced by 
small i r regular ly  shaped objects  of  the same weight as the  cylinder 
indicated no appreciable  effects on the  descent  characteristics. The 
behavior of the  symmetrically  constructed  parachutes i s  i l l u s t r a t ed  i n  
the  motion-picture s t r i p  of  figure 7. 

Most of the  parachutes with asymmetrical canopy modifications  also 
f a i l e d   t o  cause an appreciable  lateral  flight motion of the  parachute 
and cylinder. Indeed, some of these  modifications seemed t o  have the 
e f f ec t  of a deflected  rudder-on one side of the  parachute and caused 
the  parachute and cylinder t o  develop a steady  equilibrium  spinning 
motion  about a ve r t i ca l  axis, as i l lus t ra ted   in   the   mot ion-p ic ture   s t r ip  
of figure 8. The modifications which were most prone t o  cause the 
spinning  motion were those making use of dLfferent   porosi t ies   in  two 
se t s  of adjacent  side  panels, a small auxiliary  parachute  t ied t o  one 
shroud l ine ,  and a triangular  cutout  partially blocked by a f l a p   i n   t h e  
side of the canopy. The parachute-cylinder  combination was lees  prone 
to   sp in  when a circular  cutout  partially blocked by a f l a p   i n  the top 
of the  canopy was used. When a i k i r t  extending  part of the way around 
the  periphery below the canopy wa8 used, no spin was obtained,  but  there 
was s t i l l  no appreciable lateral motion. 

.. . 
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Two asymmetrical  modifications which caused  appreciable lateral 
f l i g h t  motions of the  parachute and cylinder were a circular  cutout in 
the  side of a hemispherical canopy (parachutes H-15 and H-16) and a sl i t  
i n  the side of one of the quasi-conical  canopies  (parachute Q-2). The  
l a t e r a l   f l i g h t  motion obtained is i l l u s t r a t ed  in the motion-picture s t r i p  
of figure 9. The l a t e r a l  motions were i n  a direction away from the side 
of the parachute having the circular  cutout o r  the  s l i t  and therefore 
appeared t o  be due to a jet-reaction effect of the  air flowing  through 
these  apertures. Of the  two hemispherical  parachutes  with  circular 
cutouts   in   the  s ide of the  canopy, the results indicated that one 
(parachute E-15) was somewhat more prone than the  other  (parachute E-16) 
t o  continue i n  s teady   la te ra l   f l igh t .  Inasmuch as the  construction of 
these two parachutes had been  specified as being the same except that 
the former was made of  porosity 150 cloth and t h e   l a t t e r  of porosity 
x)O cloth, it appears that using the lower-porosity  cloth was more favor- 
able for  the purpose of obtaining a more cons i s t en t   l a t e ra l   f l i gh t  
motion. It appears  then,  that  the  presence of a l a rge r   r a t io  of air flow 
through*the circular  cutout t o  the  a i r  flow  through the canopy made the 
circular  cutout more effect ive i n  causing a lateral motion. By similar 
reasoning, the f a c t  that the s l i t  i n  quasi-conical  parachute Q-2 caused 
a l a t e r a l   f l i g h t  motion  whereas-the s l i t  between two side  panels of  the 
remaining  quasi-conical  parachute (Q-1) and an especially  cut s l i t  i n  
the  s ide of one of the  or iginal ly  symmetrical  hemispherical  parachutes 
(parachute H-2; gee-table  I) failed t a  cause a l a t e r a l  flight motion 
may perhaps be explained on the basis  that the former s l i t  was larger  in 
length  than were the two l a t t e r  slits and therefore  allowed  relatively, 
more a i r   t o  flow  through it. A s  noted i n   t a b l e  I, the (smaller) slit 
i n  quasi-conical  parachute &-1 did become effective  in  causing an 
appreciable lateral flight motion when the-weight of the cylinder was 
reduced  approximately  one-eighth. 

- 

x 

During the tests of the-  hemispherical  .parschutes  having  circular 
cu tou t s   i n   t he i r  sides, it was noticed that the  parachute and cylinder, 
while t ravel ing  la teral ly ,  remained in a  near-vertical   at t i tude with 
small occasional  oscillations 'of *loo. However, during  the tests of the 
quasi-conical  parachute  Kfth  the large s l i t  between two side panels 
(parachute Q-2), it was noticed  that  the  parachute and cylinder 
trimmed at about 25" from ver t ica l ,  leaning i n  the direction  of i ts  
l a t e ra l   t r ave l .  It should be noted  (table I) that t he   r a t io  of  l a t e r a l  
t o   ve r t i ca l   ve loc i ty  w a B  about two and one-half  times  higher for the 
l a t t e r  parachute  than  for the former two parachutes. 

The test resu l t s ,  summaxized generally,  indicate that design 
de ta i l s  such as canopy porosity,  size of the asymmetric modifications, 
and weight  of the suspended parcel  are  important  factors  affecting the 
effectiveness of an  asymmetrical canopy modification i n  causing  a 

of modification. 

- 
- l a t e r a l   f l i g h t  motion,  even f o r  the  two apparently most p.romising types 
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CONCLUDING RpiARKS 

An investigation has been  c.onducted i n  the Langley 20-foot  free- 
spinning  tunnel  to- study the  behavior  in  descent of each of eighteen 
14-inch-diameter  hemispherical anq.' qUaiii-coni.c& parachutes, some made 
with  varioua  types o f  asymmetrical canopy modification8 i n  an attempt 
to   obtain a l a t e r a l   f l i g h t  component during the  descent. Each parachute 
had a right  circular  cylinder euspended by one end below the  parachute. 
The results of the wind-tunnel tests indicated that a lateral f l i g h t  
component dy ing  descent could be obtained by  u8e -of a circular  cutout 
i n  the  side of the canopy of a hemispherical  parachute and  by we of a ' 

large slit cut between two panel8 of a quasi-conical  parachute. The 
r e su l t s  a l so  indicated that conetruction details such  a8 the canopy 
porosity and the eize of the a~ymmetric canopy modification may have 
important  effect6 on the-descent  characterist ics  and'should be given 
consideration ih the  .selection of any parachute t o  be used i n  lowering 
a specif ic   parcel  yith a prexribed  descent  velocity and l a t e w l  
velocity. 
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Flgure 2. - Sketch and photograph i l lus t ra t ing   bemlqher ice l  parachutes E-2 
t o  H-16 in table  I (no asymmetrical modifications shown). 
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Figure 3.- Sketches illuetrating various asymmetrical modifications 
used on hemispherical  parachutes. 
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Figure 4.- Sketch and photograph of quasi-conical parachute 8-1 
in table I. 
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Figure 5.- Sketch and photograph of quasi-conical parachute 8-2 
in table I. 
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Figure 6.- Sketch of cylinder showing method of attachment to parachute 
shroud l ines.  
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Figme 7.- Continued. 
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Figure 7.- Concluded. 



. I 

c . .' 
-. 

Flgure 8.- Motion-picture s t r i p   i l l u s t r a t i n g  equilibrium spinning motion  obtainea w i t h  each 
of several  asymmetricaUy modified parachutes and the cylinder ~LI the Iangley 20-foot 
kee-ep- tunnel. Camera speed was 64 frames per second. 1;-70826 G 
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Figure 9.- Concluded. 
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