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EFFECTS OF CANCPY GEOMETRY ON T E SPINNTING CHARACTERTISTICS
OF A CROSS PARACHUTE WITH A V¥/L RATIO OF 0.26L

Prepared by:
William P. TLudtke

. AB3STRACT: The effects of cloth permeability, number of suspension

: lines, suspensicn line length, and hem configuration on the spinning
cnaracteristics and aerodynamic drag force of the cross parachute
vere investigated in a wind tunnel., Forty-inch-diameter models with
a canopy arm width-to-length ratio (W/L) of 0.264 were tested at
various velocities from 50 feet per second to 300 feet per second.
Tests were conducted with a conventional cross parachute and with
. modifications to the skirt hem wnich represented an interpanel corad
. and & band of cloth. The width of the cloth band was ten percent
‘ of the canopy diameter. Results of these tests demonstrate that the
K parachute geometry does have an effect on the drag capability of a

spinning cross parachute, While some trends were evident, the effects

of geometry on the paracanute spin rate for the different hem configu-
rations varied.

Details of Hlustrations In
this document may be br’ter
studied on microfiche
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-8 Effects of Canopy Geometry on the Spinning Characteristics of a Cross

£ Parachute with a W/L Ratio of 0.26L g
] :

- The investigation presented in this report is related to the improve-
ment of parachute technology.
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ILLUSTRATIONS k
Figure Title :
1 Model Parachute Configurations - Construction Details are D
Shown in Figure 2 7
2 Model Parachute Construction Details - See Table I for .
Materials' Identification .
3 Wind-Tunnel Support System ]
3A Instrumented Test Body j
3B Test Body Mounted in Wind Tunnel i
il Schematic of Test Instrumentation 3
hp Photograph - Test Instrumentation }
5 Typical Hem Wire Installation - 24 Suspension Lines of 1.8 o
Diameter, Cloth Permeability 208 ft3/ft2/min, Test Run ;E
No. 51 i
6 Typical Hem Band Installation -~ 16 Suspension Lines of 1.8 | 3
Diamgger, Cloth Permeability 208 ft3/ft2/min, Test Run 7
No.
7 Spin Rate Versus Velocity, Canopy Cloth Permeability - ¥
80 ft3/£t2/min, Hem Modification - None
8 Spin Rate Xersus Velocity, Canopy Cloth Permeability - g
208 ££3/ft2/min, Hem Modification - None
o Spin Rate Versus Velocity, Canopy Cloth Permeability - 3
8o ft3/ft2/min, Hem Modification - Hem Wire E
10 Spin Rate Versus Velocity, Canopy Cloth Permeability - g
208 £t3/ft</min, Hem Modification - Hem Wire 3
11 Spin Rate Versus Velocity, Canopy Cloth Permesbility - 3
80 f£t3/ft°/min, Hem Modification - Hem Band ¥
12 Spin Rate Versus Velocity, Canopy Cloth Permesbility - g
208 £t3/ft2/min, Hem Modification - Hem Band -
1 .A,E
TABLES ]
Table Title i %
T Materials Used in Model Parachute Construction o L
1T Parachute Test Data - Cloth Permeability 80 ft3/ft /min, !
8 Suspension Lines, Hem Configuration - Unmodified ‘

IIT Parachute Test Data - Cloth Permeability 80 f£t3/ft2/min,
16 Suspension Lines, Hem Configuration - Unmodjified

v Parachute Test Data - Cloth Permeability 80 f£t3/f£t2/min,
24 Suspension Lines, Hlem Coafiguration - Unmodified

v Parachute Tesi Data - Cloth Permeability 80 ft3/ft</min,
H 8 Suspension Lines, Hem Configuration -~ Hem Wire
4 Vi Parachute Test Data - Cloth Permeability 80 ft3/ft2/min,
16 Suspension Lines, Hem Configuration - Hem Wire

4 VIiI Parachute Test Data - Cloth Permeability 80 f£t3/ft€/min,

§ 2l Suspension ILines, Hem Configuration - Hem Wire .

VIII Parachute Test Data - Cloth Permeability 80 ft3/ft2/min,
8 Suspension Iines, Hem Configuration - Hem Band
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Title

Parachute Test Data - Cloth Permeability 80 ft3/ft2/min,
16 Suspension Lines, Hem Configuration - Hem Band
Parachute Test Data - Cloth Permeability 80 £t3/£t2/min,
24 Suspension Iines, Hem Configuration - Hem Band
Parachute Test Data - Cloth Permeability 208 £t3/ft2/min,
8 Suspension Lines, Hem Configuration - Unmodified
Parachute Test Data - Cloth Permeability 208 ft3/ft2/min,
16 Suspension Iines, Hem Configuration - Unmodified
Parachute Test Data - Cloth Permeability 208 £t3/ft2/min,
2 Suspension Lines. Hem Configuration - Unmodified
Parachute Test Data - Cloth Permeability 208 £t3/ft2/min,
8 Suspension Lines, Hem Configuration - Hem Wire
Parachute Test Data - Cloth Permeability 208 ft3/ft2/min,
16 Suspension Lines, Hem Configuration - Hem Wire
Parachute Test Data - Cloth Permeability 208 f£t3/£t°/min,
2L Suspension ILines, Hem Configuration - Hem Wige
Parachute Test Data - Cloth Permeability 208 ft /fte/min,
8 Suspension Lines, Hem Configuration - Hem Band
Parachute Test Data - Cloth Permeability 208 ft3/ft2/min,
16 Suspension ILines, Hem Configuration - Hem Band
Parachute Test Data - Cloth Permeability 208 ft3/ft2/min,
2l Suspension Lines, Hem Configuration - Hem Band
Parachute Test Data - Cloth Permeability 8 ft3/ft2/min,

8 Suspension Iines, Hem Configuration - Unmodified
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LIST OF SYMBOLS

D drag force, pounds . o ' 1 )
! Cp coefficient of drag ;
; v velocity, feet per second
{ . p density of air, slugs/ft3 : : _ . | "
k a dynamic pressure, 1bs/'ft2. : :
’: So canopy reference area, £52
r L length of canopy arm
’ W width of canopy arm l
W/L canopy arm width-to-length ratio
C denctes clockwise rotation of the canopy when viewed
from behind the parachute
CcC denotes counterclockwise rotation of %he canopy when t
viewed from behind the parachute . .
RPM revolutions per minute | '

DEFTNITIONS | . : .
permeability - rate of airflow through cloth in ft3/ft2/m1n .
when measured under a pressure differential of 1/2 inch of water :

percent reefed - ratio of the drag force produced in the reefed
condition to the drag force of the fully 1nflated paraohute at
the same velocity !
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gg , INTRODUCTION
=L b LIS
5 Wind-tunnel tests and field tests of various cross parachute
configurations have demonstrated reliable inflation and good aerc-
dynamic efficiency at subsonic, transonic, and supersonic velocities.
: A serious problem, sometimés encountered, arises from the tendeney
>...f of the inflated cross parachute to rotate about the parscnute axis
. at such a rate as to twist the suspension lines into a ‘single riser,
' thus causing collapse of ithe parachute conopy. In scme applications,
this undesirable feature can be overcome by use of a swivel mechanism,
However, in many high-performance avnlicaiions, iie required siwivel
can be very large and/or costly.

o Observaibion of the cross parachute in field tests indicated that g
o ~ the spinning is affected by: - }

a. Cloth permeability E
i '
X . b. Suspension line length

‘c, Independenf motion of the four arms of the canopy

A series of wind-tunnel tests were proposed to:
. 'a° Determine the effects of cloth permeability, suspension

line length, number of suspension lines, and velocity on the spinning
characterispics:of~the cross parachute

et 5
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: b. Determine the effect of modifying the canopy hem con-
figuration by an addition of (1) hem wire and (2) hem band on the
| spinning characteristics of the cross parachute

s

redby

X

. ' Ao s . e 4
‘ 4 c. Determine the drag coefficient of the various spinning
conrigurations under test .

JEEE) 7

,  APPROACH

Three series of model cross parachutes were designed, using a
canopy cloth of different air permeabilities for each series. All 4
models consisted of two panels 40 inches in length with a W/L = 0.264, 3
The two panels were arranged to form the configurations illustrated
.. Figure 1. Each series of models consisted of three parachutes R
with 8, 16, and 24 suspension lines, respectively, for the same canopy S
. cloth. As dnitially installed, the suspension lines were 1.8 canopy -

diameters in length. These lines were later shortened to 1.6 and 1.4 -
canopy diameters. This approach proviaed 27 possible geometric con- )
figurations for each hem modifiratidn. Parachute construction details
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llustrated in Figure 2, and the materials used in construction

are i
£ the models are enumerated in Tablie I.

o)

The wind-tunnel tests were conducted at the University of
Maryland 7-foot by 11-foot Cross Section Subsonic Wind Tunrel,
College Park, Maryland. The wind-tunnel support system, Figures 3,
38, and 3B, was designed to position the model canopies. To main-
tain a relatively aercodynamically uncluttered test section, guy wires
were used to support the instrumented test body. In all tests, the
parachute suspension lines viere attached to a spider at the rear of
the test body. The shaft of the spider was mounted to a swivel which
was in turn connected to a tension-type force transducer ring ifor
sensing aerodynamic drag force. The addition of a light source and
photographic cell pickup counted the revolutions of the shaft. The
instrumentation setup is shown schematically in Figure U4, and the
readout equipment is pictured in Figure 44,

Bach parachute was mounted onto the spider, and measurements of
the spin rate and aerodynamic drag force were made at various wind-
tunnel velocities from 50 feet per second through 300 feet per second.
Upon completion of ons hem configuration, the hem was modified, and
the tests were repeated., The first series of tests was conducted
without any constraints on the canopy hem. The hem was then modified
by the addition of a 1/16-inch flexible steel cable which was added
between rings attached to the hem of the canopy at the outer suspen-
sion lines, This hem wire was to preclude independent motion of the
canopy arms., 1iIn order to assure a temsile load in the hem wire, the
canopy was partially reefed. A iypical hem wire installation is
shown in Figure 5. The seconu hem modification consisted of a four-
inch wide band of cloth, the same cloth as the canopy, attached around
the skirt hem of each configuration. A typical hem band installation
is shown in Figure 6.

Test data were reduced to coefficient form by means of the
foilowing formulae:

C.i)

So = OIH - W°

drag of parachute in reefed condition at velocity V
drag of fully opened parachute at same velocity

percent reefed =

TRy T
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The regerence area of all parachute models used in this test
is 5.092 ft=.

RESULTS

From observation of previous field tests and wind-tunnel tests
of the cross parachute, it was anticipated that the results of this
investigation would indicate the following:

a. Parachute spin rate would increase as clobth permea-
bility decreases

b. Parachute spin rate would increase as suspension line
length increased

c. Modification of the hem would produce a reduction in
spin rate

d. Effect of the number of suspension lines was unknown

The wind-tunnel test series was run with the 208 ft3/ft2/min
permeability canopies tested first, since their inherent stability
put the least amount of undue strain on the swivel and strain gage

link in the test body. The 80 ft3/ft2/min canopies, which were
tested next, showed some tendency to cone., Finally, the relatively

impervious 8 ft3/ft2/min canopies were mounted on the test body.
These parachutes were very unstable in that they exhibited a coning
motion about the wind-tunnel center line at an angle of 30 degrees
+ 10 degrees and oscillated back and forth. The swivel mechanism

failed under this strain. It was not deemed feasible to continue
testing the low permeability parachutes.

A1l of the parachute configurations, except one (eight suspen-
sion line, 80 permeability, canopy), rotated in a clockwise direction
when viewed from a position downstream of the parachute., The afore-
mentioned parachute rotated in a counterclockwise direction for all
hem modifications. As a comparison, a 2lU-gore, 16 percent geometri-
cally porous, 37-1/2-inch flat diameter, 5-ribbon ring slot parachute
and a 2h-gore, 2L percent geometrically porous, 37-1/2-inch flat
diameter, 9-ribbon ribbon parachute were tested through the velocity
range of 50 to 300 feet per second. As the velocity was increased
on the ring slot parachute, the rotation rate increased until bthe
spinning canopy was distinguishable only as a blur. This was a much
faster spin rate than any of the cross parachutes had achieved.

Upon reaching 300 feet per second constant velocity, the ring slot
parachute ceased rotation then reversed direction and spun at a low

constant rate. The ribbon parachute, when subjected to the same test,

exhibited a slow constant roll in the same direction for all test
conditions,

» .
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The cross parachuies,when turned inside out, would reverse their e
direction of rotation; necwever, the ring slot and ribbon canopies 3
censinuad ¢o0 rolate in the same direction

o}

The effects of velocitiy on the parachute spin rate for the

various ucst parameters (number of suspension lines, suspension lin: -5
lenzin, n ccnflcuvatwop) are illustrated in Figures T through 12. . :
it is di“flﬂu1 to draw generzl conclusions from these data. Some .

of the configurations confirm the pretest expectations, but other
cenfizurations are conurarj to expectation. It is interesting to

deai i

due to the control of the independent action of the four canopy arms.

E ncie That the use of & hem cord, in place of a hem wire, in several ‘3
1 figld test configurations has reduced the rotation of the cross para- '
: chute and ~a1"tained full canopy inflation. This is believed to be k
.

i in performance for the configurations,
furtuer testing 1s ﬂocessary before firm conclusions can be drawn as
¢ the rotational properties of the cross parachute.

z
YN

Laae

JA% e A

Taples I1 through XX enumerate the Cdrag coefficients of the
ricus configurations, tLogether with the respeC‘i spin rates,
¢. Some general observaiions can be made concerning the drag
efficients of the spinning parachutes as affected by the various
St parameters.

ey

%

K
.

se in the canopy cloth permeability is
ion in the drag coefficient.

b. For any given suspension line length, the drag coef-
icrez.ses as tae number of suspension lines increases, This
vident fcr all hem confisurations and cloth permeabilities.

fets

@ 1
3

D0

¢. Por all hem configurations and cloth permeabilities,
ccetficient increases as the suspension line length is

: omparison of the drag coefficients of the hem wire configu-
rations vas made on ccnzlguratlons having the same hem wire length,
Comparison cf the hem band configurations, due to the several hem
banc lengths, was made on the basis of configurations having the
seme poccent reefing.
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