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FOREWORD

This reportwas prepared by personnel of the Cook Research Laboratories,
a division of the Cook Electric Company, Chicago, Illinois, in compliance
with Item VII, Part I of Contract No. AF 33(616)-5507. The project was
initiated by the Parachute Branch, Aeronautical Accessories Laboratory,
Wright Air Development Center, with Rudi Berndt as project officer, The
work at the Cook Research Laboratories on Project P-1031A was -under the
supervision of Dr. J. R. Downing, Director; R. O. Fredette, Assogiate
Director; Dr. H. V. Hawkins, Assistant Director; and B. A. Engstrom,
Project Engineer. The work was initiated on 1 March 1958 and completed
28 February 1959. :

Staff members who contributed to ‘the project include, L. J. Lorenz,
Executive Engineer; F. A. Ruprecht, Superintendent, Parachute Depaitinient;
W. H. Henricks, Senior Engineer; and A. J., Alexander, Designer.

Acknowledgment is made of the excellent cooperation of personnel of
the NASA at the Unitary Plan Wind Tunnel, Langley Research Center,
Virginia, in providing facilities and conducting tests. Those persons who

were particularly helpful included: H. A. Wilson, J. D. Maynard, and
J. Pressnell.
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ABSTRACT

This report presents the results of the third phase of a continuing study
of the Performance of Trailing Aerodynamic Decelerators at High Dynamic
Pressures and covers experiments performed in the Unitary Plan Wind Tun-
nel at the Langley Resecarch Center, Virginia. The work was also a continua-
tion of the effort initiated under Contract No. AF 33(616)-3346. The major
results of the Phase IIl test program were as follows: (1) solid metal canopies
without suspension lines which were properly vented exhibited stable flow at
all times regardless of changes in porosity, Mach number, dynamic pressure,
and various other parameters; (2) the addition of suspension lines to the solid
canopies caused unstable flow to exist at all times; (3) reducing the number of
suspension lines or adding flow stabilizers did not improve flow patterns;

(4) fabric canopies behaved poorly in general and appecared to be somewhat
dependent upon the location of a conical interline shock wave; (5) a definite
improvement was noted when the number of gores was increased; (6) average
drag coefficient was a function of average inflated area ratio; and (7) shaped
gores improved behavior somewhat, the 45° conical ribbon giving the most
stable performance of all fabric configurations tested.

PUBLICATION REVIEW

This report has been reviewed and is approved.

L
For the Commander: w (‘) M\"V
OANAR e’ . A\Aﬁﬂ'— -

WARREN P. SHEPARDSON
Chief, Parachute Branch
Aeronautical Accessories Laboratory
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SECTION I

INTRODUCTION

A. Gener_ai

This report represents Part III of a continuing study of the Performance
of Trailing Aerodynamic Decelerators at High Dynamic Pressures under Con-
tract No. AF 33(616)-5507, Parts I and II of this series reported on the prog-
ress made with the free-flight test vehicle, Cree, during Phases I and II of the
subject program. Concurrently with the free-flight testing of Phase II a wind-
tunnel study program, Phase III, was conducted. The results of Phase IIl are
discussed in this report.

B. Background

A study program of the nature and scope outlined in the subject contract
requires the expenditure of considerable effort both in time and equipment on
each free-flight test mission. Consequently, the items being tested should be
of such a design that a reasonable assurance exists that the item will function
in a satisfactory manner under a given set of test conditions. Investigations
into new designs of drag devices with free-flight vehicles such as the Cree
missile would be extremely costly because of the vast numiber of tests which
must be conducted in any such developmental program.

The use of wind tunnels for research work of this nature allows a high
rate of testing while at the same time permitting selection of a wide variety
of test conditions and test models. After a workable design has been devel-
oped in an initial wind-tunnel phase the drag device or parachute can be proof-
tested as a full-scale device under the actual test conditions desired by
utilizing free-{light test vehicles. Thus, the use of wind tunnels for pre-
liminary testing results in a much more orderly approach to the development
of aerodynamic decelerators.

Such a basic wind-tunnel Investigation was initiated under Contract No.
AF 33(616)-3346, the results of which were reported in Reference 1, "Wind
Tunnel Investigation of Conventional Types of Parachute Canoples in Super-
sonic Flow'". In this program, both fabric and solid metal canopies were
tested. The tests of fabric parachutes were conducted at the NASA Unitary
Plan Wind Tunnel at the Lewis Research Center, Cleveland, Ohio, while the
rigid models were tested at the Langley facilities of the NASA. Tests of
fabric parachutes in the Lewis phase indicated the following major results:
(1) violent canopy breathing or pulsing tendencics and associated reduced
inflation and drag characteristics; (2) shock pattern fluctuations which were

WADC TR 58-284
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complicated by interaction effects due to material flexibility; and (3) the
failure of ribbons due to vioclent oscillation of the ribbon fabric. In order

to establish the cause of pulsation as evidenced in the Liewis program, a
scaled rigid model was utilized in the Langley phase so as to eliminate the
interaction effects of flexibility. Although flexibility effects were eliminated
by the use of a rigid model, the fluctuations and discontinuities of the shock
patterns were still in evidence. This condition was attributed partly to
choking of the flow through the canopy and also the interaction of the shock
fronts due to choking and disturbances from the confluence point of the lines.

C. Scope

The results of the previous program (Reference 1) indicated the need
for much more development work. The occurrence of shock pattern dis-
continuities and unstable flow characteristics during the preceding program
indicated that utilization of higher porosity, vented canopies was a logical
approach for future test programs. Accordingly, rigid parachute models
incorporating these features and such others worthy of investigation were
fabricated and subjected to test. In addition, various small fabric parachute
models and a cluster of three ribbon parachutes were investigated. Tests
were conducted over a range of Mach numbers of from 1.70 to 3.50, Dy-
namic pressures were varied between 100 and 540 psf. The test program
was accomplished in two phases, one involving solid metal canopies of
various porosities and both with and without suspension line, and the second
involving fabric parachutes of various configurations. The entire test program
is outlined in Table 1,

WADC TR 58-284
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TABLE 1

PHASE 1II TEST SCHEDULE

Phase Test Test {Porosity | Suspension Other Mach | Dynamic
and Type Dates No. %o Lines Details No. Pressure
I-a 28 April 1 45 24-2D - 2.30 -
Rigid to 2 45 24-2D - 2.65 -
1 May 1958
I-b June 1958 1 45 None 3.50 150
Rigid 2 45 None 3.00 250
3 45 None 2.30 190
4 45 24-1D 3.50 160
5 45 24-1D 3.00 250
6 45 24-1D 2.30 190
7 45 12-1D 3.50 160
8 45 12-1D 3.00 250
9 45 12-1D 2.30 190
10 45 24-2D 3.5 160
11 45 24-2D 3.0 -
12 36.5 None 1.70 540
13 36.5 None a = 5© 1.70 540
14 35.0 None 1.70 300
15 35.0 None a = 5° 1.70 300
I-c Sept. 1958 1 45.0 12-1D 1.77 290
Rigid 2 45.0 12-1D 2.17 240
3 45.0 12-1D 2.76 155
4 45.0 6-1D 1.77 290
5 45.0 6-1D 2,17 240
6 45.0 6-1D 2.76 155
7 45.0 6-1D a = 2° 2,76 155
8 45.0 6-1D Flow Stab. 2,76 155
9 45,0 6-1D Flow Stab. 2,76 100
10 28.0 None 1.77 290
11 28.0 None 2.17 240
12 28.0 None 2,76 155
11 7-9 Jan, 1 40.5 8-1D Large vent 1.9 162.3
Flexible 1959 2 33.8 8-1D Large vent 1.9 155,06
2a 33.8 8-1D Large vent 2,135 144.9
3 20.0 8-1D - 1.9 165.5
4 20.0 8-1D Cluster 1.9 172,03
5 20.0 8-1D Pulled in vent | 1.9 169. 85
6 29.03 16-1D Ryr = 1.50 1.9 165.96
7 24.96 16-1D Ryr = 0.586| 1.9 163.36
8 28.5 | 16-1D |Ryg = 1.145| L.¢ 164.0
G 28.5 16-1D 450 conical 1.9 160,72
10 28.3 16-1D 30° conical 1.9 174. 86
10a 28.3 16-1D 30° conical 2.0 162.8
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SECTION II

TEST METHODS AND EQUIPMENT

A, Test Facility

The test facility utilized for this program was the Unitary Plan Wind
Tunnel located at the Langley Research Center of the NASA. This wind tunnel
has two 4 ft x 4 {t test sections, each approximately 7 feet long; and, depending
upon availability, both were used at various times during this program.

The low range test section (No. 1) has a design Mach number range of
from 1.5 to 2.9 and is capable of stagnation pressure variations up to a maxi-
mum of approximately 60 psia. The high range test section (No. 2) has a
design Mach number range from 2.3 to 5.0, Its maximum stagnation pressure
is approximately 150 psia.

Each test saction will permit variation of Mach number at any desired
increment throughout its range while the tunnel is operating. Both stagnation
pressure and stagnation temperature may be controlled independently if
desired.

Each Schlieren window has a field of view of 59 in. x 48 in. The window
is rectangular and made up of nine strips of optical plate glass, each 5-1/2
inches wide and separated from each other by 1-1/4 inches of supporting
structure. This arrangcment permits the attainment of a large field of view
while retaining excellent optical qualities.

Only the low range (No. 1} test section was utilized for tests ofthefabric
parachutes. All tests were conducted at a Mach number of 1.9. At this Mach
number, the parachute riser length was limited to 26 to 28 inches to prevent
interference with shock wave reflections from the tunnel walls.

B. Test Models and Equipment

1. General

Both rigid and fabric parachute test models were utilized
during the test program. Figure l shows two views of a typical
rigid canopy mounted in the tunnel ready for testing. Figure 2
shows the sting and support structures utilized in testing fabric
canopies. Tables 2 and 3 are summary tables which show physi-
cal characteristics, test conditions, and general observations
for all configurations of both rigid and fabric types. Variations

WADC TR 58-284
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Typical Views of Rigid Parachutc Model
Mounted in Langley 4 x 4 Wind Tunnel
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(b) Looking Upstream

Figure 2. Support System for Fabric Parachute Testing in the Langley 4 x 4 Tunnel
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TABLE 2

SUMMARY OF TEST CONFIGURATIONS, TEST CONDITIONS, AND OBSERVATIONS,
TEST PROGRAMS IN UNITARY PLLAN WIND TUNNEL, LARGLEY RESEARCH CENTER
WITH RIGID PARACHUTE MODELS

Test Configuration Characteristics Test Condations and Observations ]
[Configuration | Diameter |Total Vent Ratio of No. of ° Observations and/or
c Porosity] Size & [Line Length i £ Remarks
] o _ (% Total Porosity|to Construct-]Lines f v
3 &3 ~ larea) ed Diameter B wvelo = w3
25 22138 0705} ZolEig| sad |53
B S I ERE RN
H HNEE i |ee_ [ 23 |5e
3 g-]1E82 X |dal| ¢c® |0&

1% Caopy alonef 12.0] 8.0] 20.¢ | No Vent [ o 2.30 | 200 0 2160 Unsteady flow with
canopy bending &
violent rotary motion
naide

2.98 [ 200 [ 1440 | S1eady flow
3.50 | 200 ) 1920 {Unsteady flow
| 3.71 | 200 [} 1800 | Steady flow
35 [Canopy alone [ 12.0| 8.0| 24.0 {No Veat [ o 3.00 | 200 0 [1680|Unsteady flow
3.04 | 200 | o 1680 [Steady flow
3.35 | 150 7.0 | 2280 [Unsteady (low
3.60 | 125 0 1440 [Steady flow
3.60 [ 150 ] IZ80 |Unsteady flow appar-
ently the result af in-
creasc in q {see pre-
ceding entry)
3.70 | 140 o 1600 |Steady flow
3.90 | 115 ° 1660 {Steady tlow
[3.90 | 115 4.0 |1B6D [Stead; Now 47 angle
of attack had tittle
effect
3% |Canopy wath | 12.0] 8.0] 20.0 [No Vent 1.0 24 1.57 | 200 0 1560 [For all Mach numbers
lincs 1,81 | 200 o 1970 | Now was unateady -
2.16 | 200 0 1500 | conniderable shock
2,30 | 200 o 480 |wave fluctuation in all
2.98 | 200 [} 960 Jthese canes
3.71 | 200 0 4 .
4% [Canopy with [12.0| 8.0] 20.0 |No Vent Z.0 2 3.20 | 100 0 2160 | Bow wave relatively
Lines steady, considerable
suspension line bendrg
3.71 | 200 0 480 | Bow wave relatively
steady. nn noticeable
P line bending
5 [Canopy alone [ 12.0] 8.6] 28,0 |Large 0 0 1.77 | 290 0 2640 [Steady flow) Tittie
(6.5%) Z. 17 | Zab 0 1800 |Steady fiow bchange w/
i 2,76 | 155 [ 960 [Steady flow) Mach No.
6 [Canapy alone [12.0] 8.0 35.0 [Normal [ Q 170 | 300 0 2160 |Stcady flow
(1. 1%) 1.70 [ 300 5C 1440 [Steady flow 5° angle of
(approx. ) attack had little effect
on flow steadiness

7 |Canopy alone | 12.0| 8.0 36.5 [Large o 0 1.70 | 540 0 = [Steagy flow, ]

16%) 70 | 540 <50 « |Sterdy flow, angle of
attack less than 5° had
litle effect

€ [Canopy adone | 12.0| 8.0] 45.0 [Large ] [] 3.30_| 190 [] T560 {Steady Mow

26%) 3,00 | 250 0 1320 [Steady flow 1
3.50 | 150 [} - [Steady flow
9 |Canopy with |12.0| 8.0[ 45.0 ({Large io z4 2.30 | 190 0 1440 [TTnstesdy flow at all
lines 26%) 3.00 | 250 [ 1440 | these Mach numbers -
3.50 | 160 0 2040 | considerable shock
wave fluctuation
10 [Canopy with [12.0| 8.0 45.0 |Carge o 12 2,30 [ 190 0 1080 [Unsteady flow &t
lines 26%) 250 0 1800 Jall Mach numbers
6o 0 1320
. 290 [ 2640
i 17 | 740 0 2040
. 2,76 | 155 0 960
1l [Canopy with | 12.0[ 8.v[ 45.0 [Large 1o 3 1.77 | 290 0 3360 | Unsteady flow -
lines (26% 1 Z 17 | 240 [} GE0 | perhaps worse than
z.76 | 155 [ 7520 Configuration No. 11
o 2.76 | 155 2.0 1800
11aGanopy with | 12.0[ 8.¢] 45.0 [Large 1.0 [] 76| 155 [ 1920| Flow stabilizeta on
lines {26%) lines - located approx.
4 inches from skirt
2,76 | 100 [) 2280 of canopy
Uneteady flow, no
apparcit improvement
. due to otabilizers
12 [Canopy with | 12,0 B.0] 45.0 |Large z.0 [Z] 7.0 3 500] Unatcady flovw at all
| {267} .65 1] 1500| Mach nambers
3.00 - [}] -
3,501 160 o 1800]

SRewults of tests of these conligurations were obtained during an earlier program
camparative purposes {see WADC TR 58-532 for discussion of results),
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TABLE 3

FABRIC PARACHUTE MODELS

Configuration Characteristics Teat Conditions and Dbservaticns
Diameter [inches} =
g i 3
£ - ] ? . ve g . I & Q
52 ¥ E] 3,57 3293 . 4 ¥ 2 v
5 . IS 44 3285 ven f5s =%zl actvesa [ 8 8 : 13
3 2 1 3 584 [ ¥R 8iccq ~ b a_ |z ]
a4 H £ 4 E%%x o RS E| Stze oy g 8E Fexures e - wi | e N8
Byl rem i3 E3lds SE 8 numner [3582] ana [E22S] aneror (g 18z |20 |EZ (5%
8 ¥ contigorauion |$S[ 22|28 S £ 2% ot oree |38 &} boroniey [R AR £ 3} pormarte  [23 5|a& | &g |22 |85 Remarke
LIFIST Rubbon  132.030.40 | 7.6 | 102.0 40.50 t 1.0 |YLarge 0.507 | Poroeity  1.500] 162.30 | 12.975 [€.1130 | 0.241[0.209 | Poor performance. Unstable with
Parachute {24%) Variation considerable br rathing
{No. 780) Model
2610 28 1n.
Riser
2 | FIST Ribbon 12.0]11.40¢ 7.6 1029 33.80 L) 1.0 Large 0.507 Porosity 1.900] 155,06 | 10,848 | 0.0970 | 0.204[0.212 Slightly steadier than No. 1
FParxchute ns%) Variation
(Na. 779} 261028 in. 2. 135 | t44.90 9.359 | 0.0910 | 0.141 | 0. 288 Stlll rat very good
Riser
3 {FIST Ribkon  |12.0[11.40 ] 2.6 | 1020 20,80 ] 1.0 [ Normal 2.507 | Penalty 1.900 165.50 | 12.137 [0.1050 [ 0.254|0.184 | Better than No. 1 and No. 2. Iaterkine
Parachue [{33] Variadon shock wave very unstaole
(No. 777} Model
261028 (n.
Riser
4 | Clucter of 65| eas| 4| 278 20.00 [} L6 |Nermn 0.605 | Indivicaat f1.@d0] 112,02 - - - « | Heavy breathing and vislent oscillation.
3 FIST Ribbon (89.4 s Pavachule Yery unsatisfactory
Parachutes tor of 3. 'Chute
totos Tayand cluster)| Cluster
TAZNindividual 1S, 0f 3
parachue ‘chutes -
characteriatics 89.41n.2)
gven} 26t0281n.
Riser
5 [FIST Ritbon (12,0000 7.5 | 10z.0 20.80 ] 1.0 | Normal 6.507 | Canopy 1.900] 169,75 122,495 | 0. 1017 [0.200 [ 0,278 | Beteer snflation. Numerous shacks off
Farachute [$55] Grown lines. Top of canopy quite flat. Deep
with Pulled- Pullediste acallops in shirt
i Crown approx. 50%
{No. 11} of Inflated
Depth by
Centra! lino
102810,
Riser
& | FIST Ritbon (10,0 9.89] 6.4 | 220 29,03 16 1.0 | Norma 1.500 | SpaceRatlo [1.900| 165.96 | 24.035 | 0.2907 | 0.125[ 0,397 | Much better inflztion. Shock pattern
Parachute (1%} (b Byglvar- ateadier
(7 T fztion Hodel
(No. 17862} 26t028in.
Riser
7 { FIST Ribbon 12.0|10.90 7.3 uz.e 24.96 16 Lo Normal L2:1 SpaceRatio |1.900) 163. 36 | 27.438 ( 0.2160 | 0. 241 [ 0. 399 Best s0 far. Quite steady with slight
Parachute [{53) (LY ByR var- breathiag, Interline ehock wave os-
b By +0.580 Iatlon Model cillating
N, 17909) 26 10 28 1n.
Riser
8| FIST Ribbon  [10.2[1n10 | 7.4 | 96.8 23,50 16 1.0 |Norma SpaceRatio |1.900| 164.07 | 28.289 [ 02570 [ 0.298 | 0.384 | Not as rood s No. 7. More brestalng
Parachute (e (&/Byg)vi and more oaciilation of Interline shock
biByg 1148 tatlon Model
INa. 17381) 610 28 In.
Riser
94%° Conteal  [10.7| 9 77| - 5.0 .0 16 1.0 | Normal 1.050 | 45° Conlcad [1.900] 160,72 | 18,718 | 0.2240 [ 0.326 | 5.306 | Best ao far. Mot much bresthing or
Ribbon e RibbonPara. oscillativn.  Shock patiern quite steady,
Parachuta chute Interline shack aacillating slightly.
{Na. 17911) De g s 9.26 10
26 to 28 un.
Riews
10 10 coment hizoolrza} 96.7 8.3 16 1.0 | Nosmnal €.8K3 | 0% Conical [1.900] 174.86 [ 26.289 | 0.2421 | v.26610.403 | Not 28 ood a2 No. 9. More breathing
Ribbon (1% Ribbon and cecillation
Parachute Parathute
No. 11895) Dy » 10.44n)
2610 28 1n. [2.000 162.80 | 20,375 | 0. 2420 - -
Rieer
#The vaiues vl CD{Corr) were obtained by assuming the parachute canopy to be fully inflatad and that the drag cosfficiens would incresse lnesrly with incrsess in arca ratio.
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in geometric porosity and size of vent were considered in addi-
tion to changes in length and number of suspension lines, The
pertinent characteristics and results of configurations tested
previously and reported on in Reference 1 are included in Table
2 for comparative purposes.

2. Rigid Parachute Models

Since the results of Reference 1 had indicated that models
with vents and increased porosity were desirable, the mounting
system was altered to permit a vent in the crown of the canopy.

Figure 3. Typical Rigid Parachute Model Assembled to Yoke
Type Sting

Figure 3 shows the yoke type mounting [ixture which was devised
to allow the adaptation to the present tunnel sting and still permit
airflow through the crown of the canopy.

The stainless stcel rigid models were constructed to the
same general specifications as the 20 percent porosity model
of Reference 1 but differed in the amount of porosity and in the
addition of the venls which were provided. Three large-vent
canopies of 28, 36.5, and 45 percent porosity, respectively,
and a normal vent canopy of 35 percent porosity were fabrica-
ted for test purposes. Several of these canopies with various
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suspension line arrangements are shown in Figure 4. Also shown
are the flow stabilizer devices which were considered during the
program to determine their effects on flow characteristics.

Figure 4. Several Rigid Parachute Model Configurations

Pertinent information relative to the design and stress
analyses of the rigid models and the yoke type sting is presented
in Appendix I.

3. Fabric Parachute Models

The fabric parachutes utilized in this investigation were de-
signed so that effects of variations in porosity and in the ratio of
the space-between-horizontal-ribbons to the horizontal-ribon-width
could be considered. These variations were considered in connec-
tion with conventional ribbon type parachutes. In addition, a
cluster of three conventional ribbon parachutes and two conical
ribbon parachutes were designed and constructed for test purposes.

The design details of all fabric parachutes are given in
Appendix II. Pertinent figures are also included that illustrate
these test configurations, and parachute details are tabulated.
The dimensional characteristics and conditions under which the
individual tests were conducted are given in Table 3. Drag co-
cificients obtained for these configurations are included in this
table. )

WADC TR 58-284
PART III 10



Consideration of the effects of porosity involved the use of
three test parachutes with porosities of 40.5, 33.8, and 20.8 per-
cent {(Configuration Nos. 1, 2, and 3 in Table 3). Configurations
6, 7, and 8 were utilized to study the effects of variation in space
ratio (b/Bygr)-

A test of one fabric model (Configuration No. 5 of Table 3)
involved a 20 percent porosity ribbon configuration with a pulled-
in vent. This configuration was obtained by extending a central
line from the midpoint or crossover point of the vent lines to the
confluence point and sewing so that the crown of the parachute
was pulled into the canopy to a point which was approximately 50
percent of the inflateddepth.

Configuration 4 was a cluster of 3 ribbon parachutes. These
parachutes were of conventional ribbon design with porosities of
20 percent and normal 1 percent vents,

The other two configurations (9 and 10) tested during this
program were conical ribbon parachutes, i.e., the parachutes
were designed to have cone angles of 45 and 30 degrees, respec-
tively.

Mounting of the fabric parachute models in the low Mach
number range test section required the use of a special support
system: which was designed and fabricated by these Laboratories.
The design was based on a method suggested by cognizant wind-
tunnel personnel of the Unitary Plan Wind Tunnel at the NASA
Liangley Research Center. A pictorial representation of this
support system is presented in Figure 2. Details of the support
system design including the parachute deployment mechanism
are given in Appendix III,
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SECTION III

TEST RESULTS

A. General

In general, test results were obtained in the form of visual and
Schlieren film observations of the flow patteras about the models. For
the most part, no force measurements were made except in the tests in-
volving fabric parachutes. Consequently, the following will deal largely
with a discussion of these observations as they pertain to specific con-
figurations. Greater emphasis will naturally be placed, however, on those
configurations which have shown favorable flow characteristics and for
which some knowledge of drag forces has been obtained.

A tabulation of the various test configurations and their important
characteristics is given in Tables 2 and 3. These two tables contain per-
tinent information for the rigid and fabric models, respectively.

The various test configurations are discussed in the following sections
with regard to flow characteristics and, where measured, with respect to
their drag-producing capabilitics.

B. Canopy Alone

Canopy configurations without suspension lines were tested to investi-
gate the flow characteristics of the canopies without the influence of suspen-
sicn lincs, Previous tests of 20 percent and 24 percent porosity canopies
(Table 2) as reported in Reference 1 had indicated severe shock wave
fluctuation and flow discontinuities which could be attributed to choking due
to insufficient porosity and the lack of vents in the canopies, Preliminary
efforts to improve {low characteristics were attempted during the program
of Reference ] by increasing the porosity of the original 20 percent porosity
canepy to 24 percent. No significant improvement as a result of this small
increase in porosity was evident, however. Thus, it was indicated {(Reference
1) that higher porosity canopies with vents should be investigated.

As a result of the above, large-vent canopies with porosities of 28,
30.5 and 45 percent and a normal-vent canopy of 35 percent porosity were
tested during this program. In general, the results of tests of the vented
higher porosity canopies without lines were favorable with relatively stcady
shock patterns prevailing for all cases. Shock pattern photographs of these
configurations at various Mach numbers are shown in Figure 5. These photo-
graphs are typical frame enlargements from the Schlieren high speed movie
film,
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Figure 5. Typical Behavior of Several Rigid Parachute
Canopies without Suspension Lines
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The 45 percent porosity canopy without suspension lines was tested at
Mach numbers of 2.30, 3.00, and 3.50. The 36. 5 percent large-vent canopy
and the 35 percent normal-vent canopy were tested at a Mach number of 1.70.
There was little or no oscillation of the shock waves during tests of the 45
percent porosity canopy without suspension lines and no cvidence of canopy
pulsing or breathing. A small angle of attack (5 degrees or less) at a test
Mach number of 1.70 had little effect on the stable flow characteristics seen
for both the large vent, 36.5 percent porosity canopy, and the normal vent,
35 percent porosity canopy.

The 28 percent canopy without suspension lines was tested at Mach
numbers of 1,77, 2.17, and 2.76. In all cases, steady flow characteristics

were seen. There was little apparent change with Mach number.

The shock formations observed during these tests of canopy without
suspension lines are shown in Figure 5.

C. Canopy with Lines

The introduction of suspension lines to the metal canopies brought about
a complete change in the flow patterns around the parachute. In general, the
shock wave formations and the parachute behavior exhibited in these tests were
similar to the results of the previous solid canopy tests conducted at the NASA
Langley facility. Interaction between the shock front generated by the conflu-
ence point and the normal shock in front of the canopy caused violent changes
in flow patterns and would no doubt have resulted in severe breathing and
oscillation if flexibility had existed in the parachute configuration.

Figures 6 and 7 show both the results of this phase and those of Refer-
ence 1 for comparison. In both cases 24 suspension lines were used.

In an attempt to determine the extent of the effect of suspension lines,

a series of tests was conducted wherein the number of suspension lines was
reduced. Figure 8 shows a series of Schlieren frame enlargements taken
during tests of a 45 percent canopy with 12 suspension lines over a range