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THREORETICAL PARACHUTE INVESTIGATIONS

Progress Report No 16

INTRODUCTION

1.0 This is the sixteenth gquarterly report covering the time from

1 December 1960 to 28 February 1961 on the study program on basic information

of Aerodynamic Retardation, which was initiated on 15 February 1957.

1.1 The objectives in the first year of this program were specified

in Wright Air Development Comtract No aF 33(616)-3955 as follows:

Project Mo 1,

Project No 2,

Project No 3,

Project Mo 4,

SInvestigation of wake effectson the behavior
of parachutes and other retardation devices
behind large bodies at subsonic and supersonic
speeds.”

"Reduction of test results from drop amd wind
tunnel tests with extended skirt parachutes of
various sises, and establishment of design
data for this type of parachute to obtain the
best performance characteristics.,”
"Establishment of reliable test methods for
measuring the pressure distribution on the
inner and outer surface of porous textile
pirachute canopies,”

"Investigation of basic stability parameters

of conventional parachutes."
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Project No 5, "Study of possible methods to decrease the
opening time of parachutes without increadse of
opening shock."

1.2 Work on the five specific objectives listed above continued
through the second year of the program under an extension of the contract
named atove, In aduition, two new otjectives were introduced as followst
Project No 6, "Detemination of the min‘uum sized parachute
for .tabilization of general aerial delivery
cargo."
Project No 7, "Theoretical study of supersonic parachute
phenomena, "
The approach to the solutions of the various problems con-
cerning thase seven objectives was outlined in the Froposed Technical

Program sutmitted on 26 November 1957,

L3 Work on four of the above seven objectives (Projects No 2, No 3,
No 5, and No 6é) has been completed, and final technical reports either have
beon or are teing prepared. Work on the remaining three otjectives
(Projects No 1, No 4, and No 7) is continuing under Wright Air Development
Center Contract No AF 33(616)-6372. In addition, this contract presents
three new otjectives as follows: |

Project No 8, "Theoretical analysis of the dynamics of the

opening parachute, "
Project No 9, "Statistical amalysis of extraction time,

deployment time, opening time, and drag




coefficient for aerial delivery parachutes and
systems."

Project No 10, "Study of basic principles of new parachutes

ard retardation devices,"

The approach to the solutions of the various problems concerned
with these three new objectives and that to the solutions of new prob-
lens concerned with the three old objectives which are béing continued
(Projects No 1, No 4, and No 7) are outlined in the Proposed Technical Pro-
gram sutmitted on 16 Febtruary 1959. Additional proposals, which further
outline the course of investigation, were sutmitted on 22 April 1959,

21 May 1959, 26 February 1960, and 22 April 1960,

LA As in preceding reporting periods, work during this reporting
period has been pursued in accordance with the technical program and

is described in the following sections of this report. The continuation
of efforts on each pro ject during the next reporting perioed is outlined

within the report for that specific project.



Project No 1

2.0  lInvestigations of Wake Effecta on the Behavior of Parachutes
and Other Hetardation Devices Behind large Bodies at Subsonic
and Supersonic Speeds

21 Subsonic Wind Tunnel Stuuies

2al.l The velocity and pressure distribution in the wake behind a body

of revolution has teen reported in Kef 1, in which an experimental parameter
A was introduced. This parameter A was extracted from wind tunnel measure-
ments of the pressure distribution in the wake of an ogive cylinder at dis-
tances downstream of X/D ranging from 2 to 12. This body had a drag coeffi-
clemt, CD = 0,35, These experiments indicated a strong dependence of A
upon the location measured from the rear end of the wake producing body. It
was assumed at that time that W will also vary with the drag coefficient

of the primary body., Satisfactory agreement between thecretical prediction
and experimental results for this body was obtained for X/D 3 6 by using an

average value of XK.

aalal Reference 2 presented values for X which were extracted from simi-
lar measurements in the wake of a flat disk with Cp = 1.11 at distances down-
stream from X/D = 2 to X/D = 20, It was found that X for this body differed
considerably from the one described in Ref 1, which confirmed the above

assumption,

2,1,3 In order to determine a relationship between R and Cp, a new series

of wind tunnel experiments was made using several bodies of revolution with



& wide range of drag coefficients, from Cp = 0.194 to Cp = 1,405, Figure 1-1
presents these models, and gives their respective drag coefficients. During
this reporting period, the data from these wind tunnel tests was reduced to
graphisal form,

PRIV Results

2alalial Figures 1-2 through 1-11 present the pressure distritutions in the
wakes behind the above described bodies of rewolution. This pressure dis-
tribtution is presented as a pressure coefficient, Cp, defined as:
Co= Pa=P
P q )

where Py = wake total pressure

(1.1)

P = wake static pressure

qQ = free stream dynamic pressure.
The dimensionless parameter, 2r/D, is the distance normal to the body center-
line divided by the body radius.

2alala2 Certain qualitative conclusions about the behavior of wukes behind
bodies of revolution can readily be drawn from observation of Figs 1-2 through
1«11, At any given control section downstream from the rear of the bodies,

the dinensionless width of the wake of bodies of low Cp is much less than the
corresponding width for todies of high Cp. It is also observed that at a given
control section located some distance downstream, the pressure coefficient,

Cp, on the centerline is noticeably reduced for the bodies of low Cp over the
corresponding Cp for bodiss of high C;, These two wake effects apparently

are the result of the much greater turbulent mixing behind bodies of high CD

5=




tpan behind bodies of low Cp, which causes greater spreading of the wake and
& much faster approach to free stream dynamic pressure on the centerline

behind the bodies of high CD'

21,5 Proposed Work

Work during the next reporting period will ce devoted tc completion
of predicting the dependence of X (kef 1) on distance downstream from a
body and on the drag coefficient, An attempt will then be made to determine
generalized relationships for velocity and pressure distritution in the tur-
tulent wake in subsonic flow, with the drag coefficient and the shape of the
primiry bedy us parameters. This will inclule correlating the experimental
wakes presented in this report with the theoretical wakes predicted in Ref 1,
and drawing conclusions as to the validity of the theory and its limits of

application.
£al Transonic and Supersonic Wind Tunnel Studies

2221 As stated in Progress Report No 15, all testing concerning the
transonic and supersonic phases of this project has been completed and pre-
sent efforts are being devoted toward the completion of final technical
reporta. The completed studies have been divided under four headings, as
follows:

1) Pressure and velocity distribution in the wake

2) Single body drag

3) Drag of secondary body in wake of primary body

4) System drag of combination of sec.ndary and primary bodies.

A technical report is being written under each of these headings,




g,_.a During thie reporting period, a draft of the report for the first
objocﬁ.vo, prusure and velocity distribution in the wake, was completed,

Tho fimal draft of this report will be submitted to the Procuring Agency
j_hortly.' Also, initial drafts of the reports for the second and third objec-
, Itivéa? single body drag, and drag of second tody in wake of primary body,

A )\ivo Seon nur;y completed ard final drafts of these twc reports will pro-

. bably be ready for submittal during the following reporting periods,

- g,_g.} ' Hork dur.lng the next repo.rt.ing period will be devoted toward the
.completion of the drafta of these reports and the preparation of a draft of

;the report under the fourth objective, system drag of combination of secondary
- and pruary ‘bodies, - '



1)
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Project No 4

Parachytcs

3.1 Introduction

3.1.1 The objective of this study is to determine the characteristic
aerodynamic coefficients of fourteen conventional parachute typés, using

cloth poroéity and angle of attack as parameters. The aerodynamic coeffi-
cients are 1) tangent or axial force coefficient, Cp, 2) normal or side force

coefficient, Cy, and 3} pitching moment coefficient, Cy.

3.1.2 The work performed on bthis project has been divided into three
parts: 1) wind tunnel investigation of parachute models, 2) theoretical
stability investigations under dynamic conditions, and 3) effective

' porosity studies,

3,2 Wind Tunnel Investigation of Parachute Models
The draft of the finmal technical report entitled "Stability and
Drag of Parachutes with Varying Effective Porosity," is currently being

revised, and ﬁill soon be submitted to the contracting agengy far review.
3.3 Theoretical Investigation of the Dynamic Stability of Parachutes
3.3.1 Introduction

3,3,1,1 In Progress Report No 1, Appendix D, the differential equations

of the laterally disturbed motion of the parachute under certain simplifying

-20-



assumptions were derived in the following form:

(PR, *Yrwa)@' + (e -;ﬁm)u' - mw% (ar+p') = o : (41}
| 'aa'%“ +a%-"(°"*9" -Gl

o ' (4.2)
En ?mw(%)j (=" +8") “'“’Nxér" P+ (m\m"m‘”)'ﬁ_ o= '

.a—-c” . AE: / 4
YA & + a“l"(“* +9),
v

The arrangemernt of tha coordinate system, sign convention, and definition

of symbols are given in Progreas Report No 14, Sec 3.3.1.

3.3.1,2 To solve the system of differential equations. (4.1) amd (4.2), it

was supposed that
-~ AQMT ; 14
& =A€ g=Be" (4.3)

where i and B are arbitrary constant, T = vt/r, and A , which may te real

or complex, can be determined from the equation

-2l-




oo 2] )it

- (%%E) ™ ‘3_ - (ﬂ\.*'ﬂ"«y) \‘g‘%’i‘ri (mV! mVY) M= Y}A -
'

-E?—C-") (Mos ) — A S2 £ gy (M emyy) £ 4

ook daa T
+[2Ca act ac bC )s _
or am.r) Y *C:I* C'[ o~ b *C ?:, =0
AR+breCA+d =0 . (4.4)

This equation is the frequency equation of the system of equations (4.1) amd
(4.2). Some of the terms are evaluated from the experimental results of the
wind tunnel tests conducted under the first part of this project, using the

transformations outlined in Progress Report No 12, Sec 3.3.3.10,

3.3.1.3 1In Progress Report No 12, the method described above was used to
investigate the dynamic stability of a 5 ft Ribless Guide Surface parachute
with nominal cloth porosities of 30 and 120 ft3/ft2-min. During the follow-
ing reporting period, errors were found in the method, and in Progress Report
No 14 the corrected results for the Ribless Guide Surface parachute were
presented, together with results of a similar investigation of a Circular
Flat parachute with nominal porosity of 120 £t3/1t%-in and a Ribbon para-
chute with a geometric porosity of 20% and a prototype nominal diameter of

50 inches.

3.3.1.4 The investigations of the above parachutes were conducted about a

o
position of O angle of attack. However, looking at Fig 4-25, Progress

-22-




Report No 8, shown here as Fig 4-1, we see that the moment coefficient versus
angle of attsck curve for the Circular Flat parechute indicates two positions
of equilitrium, namely 0° and 20° angle of attack. Murther imvestigation
shows that the equilibrium at 0° angle of attack is unstable; i.e., the
moments are such that a slight displacement is followsd by an increasing
displacement (in the wird tunnel investigation of characteristic aerodynamic
cosfficients, a positive Cy at positive angles of attack produced a momert
restoring the parachute to 0° angle of attack, and a positive Cy at negative
angles of attack caused a further increase in angle of attack. See Fig 4-10,
Progress Report No 14). At approximately 20° angle of attack, the parachute
is in stable equilibrium, i.e., the moments are such that the parachute
returns to 20° if slightly displaced.

3.3,1.5 It is evident that a more meaningful investigation of dynamic
stability should be made for the parachute about 20° angle of attack. There-
fore, the investigation of the Circular Flat parachute was made at both 0°
and 20° angle of attack, using some diftorent. assumptions than those made in
the originil investigation. From Fig 4-11, Progress Report No 14, we see

& non-linear variaticn of Cp with angle of attack (. In the original
investigation, the analysis was limited to 0°€ X £ 53 where 71 and Cy

were asaumed to be linear.

3,3,1.6 In the present analysis, it was assumed that %&L and %.,

have one value in the range 0° < X < 10° and a different value in the
X X

range 10° < o« < 27.5°, Then, from Fig 4-1, where we take tangents to the

curve at + 20° and assume an equal but opposite slope through the arigin, and




from Figs 4-11 and 4-12, Progress Report No 14, we have for 0° < o < 10°

2% - o27e o= — 163 (4.5)

and for 10° < X < 27.5°

OCn _ oC. _
-ga!' =~ Q276 _bTiE— - L6, (4e6)

These values include corrections for differences in sign convention between

theoretical and experimental data.
3.3.2 Dynamic Stability about 0° Angle of Attack

3.3,2.1 The remaining terms in equation {(4.4) above are enumerated in
Progress Report No 14, Sec¢ 3.3.3. Substituting these terms and those from
equations (4.5) into equation (4.4) we find, for the interval 0° g ok g 10°

2071.2 X —22480 N — 1I0L.73A - 1016 =0, (4.1a)

The roots of equation (4.1a) are fourd to be

= 0. 286!
—0.1677 L (4.7)

A = — 0.0007 |

> D
”~ -
n i

Substituting the above values of A into the equations(4.3) above yields

the equations

Q286! T s
+ A‘e-° 1677 4

o= A¢ gooT

+ A,
(4.8)

@ = B.eo.mlt + B;éO"‘”rﬁ' B, e-o.oosr‘t'

~24=




Solving for the arbitrary constants, A, and By (i = 1, 2, 3) using the

- initial conditions (at ¢ = 0, X = oy = 30" = 0.0001454 rad, @ = @, =0,
Wy = Wy, = 0) and equation (4.15), Progress Report No 14, and substituting
these constants into the equation (4.8), we have (for®t = vt/r = 48,0 t)

ol= 0,0000564 €>™* +0,0000888 &*** _a0c0000126°4*
(4.9)

\ = —0.00000160 €*™"* +0.00000544 €*°° * —0.000003368>4**

3.3.2.2 Using the equations(4.9) to describe the metion of the parachute
in terms of the vertical and horisontal coordinates (X and Y) and the posi-
tior aujde ' + @ ), where (See Progress Report No 12, Sec 3.3.6.5)

X=ut (4.10)

Y=‘-5f94t, (4.11)
we find for v, = 105 ft/sec:

X= 05t (4.10a)

+0.00757€°4* _ 6.00749 (4o112)
(+8) =0.0000547 €*™* +.0,0000880 €2 -
~0.00000347 €44t (4.12)




3,3.2.3 The equations (4.9), (4.108), (4.118) and (4.12) are valid for
0° g 100 by the original assumptions. The values of & and Y as a
function of t are tabulated in Table 4-1 for O ¢ t < 1.0 sec. We see that
ot % 10° after 0,58 sec, and would continue to increase without bound as t

increases if the assumptions remained valid.
3,3.3 Dynamic Stability About 20° Angle of Attack

3.3.3.1 Again substituting the terms enumerated in Progress Report No 14,
Sec 3.3.3, and now using those terms from equation (4.6) in equation (4.4)
gives us, for the interval 10°< oK £ 27.5°

20711 R +754.49 X + 216.52 A + 19838 = O, (4.18)
The roots of equation (4.1b) are

M= -0.00082

M= —(O.ITT4 —O.26%4 L) (4.13)

A= —(0.1774 +0.26341) ,
3.3,3,2 Substituting into the equations (4.5), we have

o = A, éQMI? + Ale:-(m?a-o.zml.)t + A, é(O.ITTQ *0.260L)T

(4.14)

e =8 e-o.oou‘t: +B, e:(mm ~0.2634 )T +B, éco.wu +0.2684L)C

Solving for the arbitrary constants A and By (i = 1, 2, 3) using the initial
conditions (at t = 0, & = o = 7.57 = 0.1309 rad, @ = @, = 0,W; = Uy,
= 0) and equation (4.15), Progress Report No 14, we have (for T = vot/r =
48.0 t)

=26~




A = 0.000I5T €24 L 0161€*™M" sn(i2eat + 54.9°)

(4.15)
R = ~0.00435€%*°% . 0.00486 €47 sin(-12.04t +635°).

It should be joted i3 this case that ote = 7,5° represents a displacement
of 7,5° from the equilibrium position of 20° angle of attack.

3.3.3.3 Descriting the motion of the parachute in terms of the vertical
and horisontal coordinates (X and Y) and the position angle (X + @ ) we
find

X =105t (4.10v)
Y = 1032 %% L 0.03358%%%% sin(12.64t-T38%) —1.028 (4.11b)
(0t +0) = — 0.00406E> ™ +0.1654 8*>** sIN(12.64t +58.6°), (4.16)

33,34 Equations (4.15), (4.16) amd (4.11b) are tabulated in Table 4-2
for 0 € t 100 sec. Figure 4-2 presents o« and (o + @ ) versus t for

0 <t £ 1.2 sec. Figure 4-3 graphically presents the motion of the para-
chute during deacent (note that the scales in the Y direction is considerably
larger than that in the X direction). Figures 4~2 and 4-3 may be compared
with Figs 4-1 through 4-7 of Progress Report No 15, which present the same
information for the Ribbon parachute with 20% geometrical porosity and the
Ribless Guide Surface parachutes with nominal porosities of 30 and 120




13/et%min, Again, it should be noted that in Fig 4=2, o and @ are cal-
culated about the 20° angle of attack position.

334 Conclusions
The results of this investigation of the Circular Flat parachute

show that:
A) The condition for weathercock stability, given as

ac.. c‘()ﬂ rq +c.) <o, (4.17)

is not satiefied for the Circular Flat parachute about 0°
angle of attack, but is satisfied about 20° angle of attack.

B) The conditions for dynamic stability, expressed in Routh's
criteria as

>0, b>0, ¢>0,d>0 anp be>d, (4.18)

where @, b, ¢ and d represent the coefficients of the
frequency equation (4.4), are not satisfied for 0° angle
of attack, but are satisfied for 20° angle of attack.

3.3.5 Propoaed Work
The dynamic stability of several parachutes with point loads have

been presented. Work will now begin to determine the dynamic stability of
three parachutes with store., These parachutes are:
1) Circular Flat, nominal porosity = 120 £t3/ft%-min
2) Ritless Guide Surface, nominal porosity = 120 ft3/ft2-min
3) Ribbon, geometrical porosity = 20%.
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- dak Effective Porosity Studies

3.kl The porosity studies now completed have yielded a wide range of
infarmation on the porosity of parachute sloths for sub-critisal pressure
retios and altitudes above 50,000 ft. It is now desired to msasure porosity
at sea level density and at pressure differentials greater than the critical
dif ferential pressure for the complete range of air densities,

Saba It is felt that the evaluation of the porosity at pressure ratios
above the critical retio will be of great valus in the study of parachute
phenomena at supersonic speeds. If the relationship between these high
pressure ratios and porosity is known, it may help explain the erratic
behavior of parachutes at high speeds.

3,43 New Testing Facility

3a4a3.1 During the last reporting period, the construction of a facility
to determine effective porosity of parachute cloths at sea level density
and greater thin critical pressure ratios, and to determine effective
porosity of ribbon and grid configurations has been completed, and a test-
ing progrem is being initiated. )

3abads2 Migure 44 presents a schematic layout of the new facility, ami
Figs 4-5 and 4=6 are photos of the entire apparatus and the test section,
respectively. High pressure air storage is provided bty two 130 ft3 tanks
Joined to give a total storage capacity of 260 rr.3, at a pressure of 125 psig.
The high pressure air is provided by a two stage Gardner Denver compressor.




Alr from the high pressure supply tanks is carried to the test section
through a 3 inch diumeter pipe, and exhausts from the test section to

the atmosphere. The transition section, shown in detailed layout in Fig 4-7,
brings the flow from the round pipe to the square test section., Test
specimens are held in a metal holder which attaches to the end of the tran-
sition section, and the clear plexiglass test section, stown in Fig 4-8,

fits around the cloth holder and extends downstream (See Fig 4-9).

35423.3 The mass flow through the test section is determined by a sharp-
edged orifice flow meter located just upstream of the transition section
(Fig 4=9). A constant pressure ratio is maintained across the test speci.-
men by means of a pneumatically controlled throttling valve which is
activated bty the pressure regulating system shown schematically in

Fig 4-10.

3abiadah Pressure ratios across the flow meter and the test specimen,
and pressures necessary to determine densities upstream of the flow meter
and test section are recorded through the use of electronic pressure trans-

ducers and a Century 809 Recording Light Eeam Oscillograph.

b4 Proposed Work

3abalia]l The testing program which has been initiated to determine
effective porosities of parachute cloths and ribbon amd grid configura-
tions at sea level density and at greater than critical pressure ratios
will be continued,

dab.4.2 The effort to find some ~orrelation between the effective
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porosity of the wire screens which were tested previously and the geometric

properties of the screens will be continued., It is hoped that this will

lead to the characteristic dimensions of the screens, and eventually of

cloths, so that a meaningful relationship between effective porosity and

Reynolds number can be found.

-31-



g2o’l- 0 O

g201- (o] O
820C'I- o o)

Q10°I- o) o Q1188°I1- «96+ 19} o'l
oFis'- 2" o SLEOCOC- WCoup €
oesL'- - O 62294 - 6% 061 a8’
0209~ - o O0¢6I- 028V VN
oge¥ - 8- Q €0080 - ,0.02 PcScy
Proc-- 18- o S168L0O"- S B $€9
sLoLe- - o 26¢CL0O - LOr ol 14" N
cooz- - L 00640 21 2l 9

€s2r- .96~ »2LC0- 02,6 @
Z6LO- ,06- 29+20- 01,9 L6
QLZOo- ,€6e2 oy210™- 1Se€ &
o¢20- /82.€ 81€00 - 0% >
e8i0- ,90.% 20000~ 4] ¢

6¥10- Abeb 02000 9 -4

2110- B1cS ¥0000- K- v
0900- 158 o «Of )
»5a0- €29 Tld_llT\J. (o) %)
2€00- | .06.9 A 0 ?

L100'- Aol NiW; L 3/el 3 OC) » HOd "WON
9000~ %ol ANV4 vV INDEn

o O0€eL 0= » 1n0GV ALIMIQVLS

[7¥)) (.)

A Jedo
NIW- L4/ L4 02
Av¥14  AVINDED AN3IS3a ONiaid WILSAS

ILOHIVAEVd 40 SILVNIAHOO?D ‘I- 31QVL

02=>1No8Y AliNdvlS

ANIFOS3A INIING WILSAS
JLNHIOVEVYd 4O SIALVNIGHOOD 2-v 31avL



(L3-NIN/S 02\ =¥0d WON'dOLSd NOTAN 8107 ZO 11 : IVINILYN DNJEV3 ' 019 = 3y)

3LNHOVEYL ONgvd Avid
HYINOMD MOJ HOVLLY 40 INV SA LNIDII430D LNIWOW I+ 9id

I
. |
: o

%0~ ——
8-'
(s33u93a) > o=~ !
S§ OF S» O S o S2 s o S S- o- S~ o s3- 0%~ SC-
.3.
NIV =340 —— |
- 0
4]
%¢20-=3407S
ac
o

8

o)




(0="1" ‘0= J3s/14 0I=N

NOIIOW 40 NOLLVIN3S3IHd “WIHAVYHD ‘€-v 94

@ X

820'1-[(.82.L-3F 2VINIS] 1564-2GECO" + 40144-22C0 = A

(OZ=» 1NOGY ALITIGVIS)
: SNOILIGNOD WILIND)

"NIN-214/%14 021
= ALIS0¥0d TVNIAON HLUWM  3LNHOVEW
Avad dvinddn v 40 LN3DS3A  ONIENG

(LADA

oo

- I
coe

008

ooL

oo~ 2z ||
N /
oor

oo¢ \
oo2

I e

% F v 9T 9= O IF

»i-

02 ‘0% ".6'L~ "0 235/1 4 $0I = °A SNQILIGNOD Iviiim
‘NN 134 L9 021 » "HOd 'WON HLM I5NHIVEYD 1¥T14 HYINOHID
HO43 (f+D0) FIONV NOILLYN "' ONV (X)) WIV.LLVY 40 F1ONV

WIVLLY 40 TFIONV02 L1NOQDY ALINGVLIS 2-+ 914
(o3%) >
) o 9 9 v z o,
T “
\\Lr !
= A o
N E:
: B
+- 0 r-x~3
| i
| : 4 m
w | i n
: * _n \ 0l\
T | _
L , ! P \ »
[((9G.S5+WI2DNIS] 4 gic0. 2 OSON'+ 1042 ZVOO- = e+D0
(39)%
z on ¥ 9 v : z ﬁ O,
i i
: |
TN
AN s R
{ h m
P - e ¥ —“
| g
| — E T St ST U 1{®
| 4
] ~ _ — )

[(192¥S+ I 21INIS) 40102909 + 15444 @ ¥ #1000 = D0



PRESSURL TANKS
CAPACITY: 260 PT?
PRESSURE ! 128 PSIA

ORIFICE FLOWMETER

=
RESULATING RANSITION SECTION
TANK
/ TEST SECTION
COMPRESIOR /'
N = .:‘ I:t:r_: FLOW

PNEUMATIC WALVE /
3 IN MIPE

FIG 4-4, SCHEMATIC LAYOUT OF POROSITY TEST APPARATUS

FIG 4-5. POROSITY TESTING FACILITY FIG 4-6. TEST SECTION OF POROSITY TESTING FACILITY

™




PRESSURE TAP SROOWE
O-RING SEAL GROOVE

FLANSE PACE DETAIL SECTION A-A SECTION 8-
'r-B
£ N TUBIN - {mu'mu mECE
Y B ‘77777777777:4 -
! ! REAUNE 2% — ﬂ
. ' 3
(G)Fﬂ%anr;* : : . o0 .
n 3 omee) L \ CONSTANT AREA
I N ’ l La SEEVE
COMPANIN FLNGE 2 o} o g 711:5*_
FiG 4-T, DETAIL LAYOUT OF TRANSITION SECTlON(‘luu’)
R T
I l CLOTH HOLDER
33 300
j PLEXIGLASS wWALL
i & IN PIPE THREAD
0-RING SEAL GRODVE END PLATE
- T %N cowcn
O :ﬁ O I 2 F
\ \ AN
4 ) T/ N NYVHT
—_— A - NN
Ll
l -t-]*- :
a RYED PRESSURE '
[Iﬂl: e 3. 00 ——on] i@:ﬂ ii .00 ,I Tars : 4}
53 o ] I | 73
|
1 N\ ‘ A
N\ \
" J NN, k4L
S : g \\ \\ \\ \\ \ A /
O db O
-l s -

FIG 4-8. DETAIL LAYOUT OF TEST SECTION

(x xua)




TRANSITION SECTION

CLOTH WOLDER

0- RING SEAL
Roovy

ORIFICE FLANGES

PACISURE TAPS

!
"8 4-2EXPLODED VIEW OF FLOWMETER TRANSITION SECTION AND TEST SECTION

A|R SUPPLY LINE
lu IGH PRESSURE)

PRESSURE
REDUCER
‘-—AA"U LINES
(ReGuLATED PR
VALVE VALVE.
POSITIONER ) CONTROLLER
PNEUMATIC
VALVE /PRESSURE SENSING TAP
=
FLOW

FIG 4QSCHEMATIC DIAGRAM OF VALVE CONTROL OPERATION




bal The draft of the final technical report of this project has been
completed, and is currently being reviewed,




Project No 7
5.0 Theorstical Study of Supersonic Parachute Phenomema
Sal Introduction

S.l.1 It is knownthat conventional parachutes of all types perform more
or less satisfactorily in subsonic flow, but become unstable and unsatisfac-
tory retardation devices in supersonic flow. In an attempt to explain this
phenomenon, rigid parachute models were studied in supersonic flow and high
speed Schlieren photographs were taken. These :hotographs revealed a highly
unstable shock patterm ahead of the canopy. 3imilar tests of flexible models
showed irregular oscillation, structural instability, and eventual destruction

of the canopy.

5.1.2 The analysis of the conventional parachute in supersonic flow, and
the subsequent development and testing of a supersonic retardation device
proceed in the following phases:

1) Pressure distribution studies on conventional canopy in

sypersonic flow

2) Water analogy studies in conventional water tow

3) Water analogy studies in water table with stationary models

4) Wind tunnel stability studies of supersonic parachutes

5) Drag studies of supersonic parachutes.

These phases will be reported in respective order in the following sections
of this report.
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5.2 Pressure Distribution Studies in Supersonic Wind Tunnel

2.2.1 AS & first step in the analysis of conventiocnal parachutes, the
pressure distribution on both the inside and outside surfaces of a conven-
tional ribbon parachute model suspended in the wuke of an ogive cylinder fore-
body was studied. Model geometry, test arrangement, and pressure distritution
for Mach numbers of 0.8, 1.2, and 4.5 were presented in Frogress Report Mo 12,

Pressure distributions for Mach 3.0 were given in Progress Report Mo 15.

S.2.2 During this reporting period, tests were mide to determine the
influence of the ogive-cylinder forebody on the intemal and external pressure
distributions on the canopy at Mach numbers of 1,08 and 3.0. These tests
were miade with and without suspension lines, in order to determine their
effect on pressure distribution. Previously, the transonic tests were made
at Mach 1.2; however, in the wind tunnel now being used, the highest attain-
able Mach number with the model mounted in the test section was Mach 1.08.

Therefore, tre transonic studies were continued at this Mach number.

5,23 The parachute models and testing procedure were the same aus in pre-
vious studies. 4s before, two secondary parachute models were used, one to
meisure internal and the other to measure external pressures, The suspension
lines for these tests were secured at the confluence point by a set of guy
wires fastened to the tunnel walls (see Fig 7-1). The pressures were measured
on & multiple manometer and photographed during each test. Three tests were

conducted for each configuration at both Mach numbers,

2424 Results
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5.2:4a1 The pressure measurements from three internal and three external
pressure distribution tests were averaged in each case. These measurements
were then reduced to coefficient form with the pressure coefficient, Cp,
defined as

Cp = ﬂ_q.ﬁ :
where Py = local pressure on the surface of the model

Pg = free stream static pressure

qQ = free stream dynamic pressure.

S.2.4,2 Flgures 7-2 and 7-3 present the pressure coefficient distribution
of the parachute model in free stream with and without suspension lines,
respectively, at transonic Mach numbers. For comparison, Fig 7-4 presents
these two sets of curves together with the pressure distribution of the model
with suspension lines behind an ogive-cylinder foretody (previously presented
as Fig 7-11, Progress Report No 12). Similarly, Figs 7-5 through 7-7 present
the same sequence of pressure coefficient distributions at Mich 3.0. It is
sesn that the forebody has only a small influence on either the internal or
external pressure coefficient at Mach 1.08 and 3.0. The suspension lines do
have noticeable influence on the magnitude of the internal pressure coeffi-
cient, especially at Mach 3.0. This increase in internal pressure coeffi-
cient is due to the large pressure recovery across the well defined shock
ahead of the canopy without suspension lines (see Sec 5.2.4.3). The suspen-~
sion lines do not noticeably influence the external pressure coefficient at
either Mach number,
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5,2:4,3 Figures 7-8 and 7-9 are double exposure shadowgraphs of the flow
pattern at Mach 3.0 about a parachute model in free stream with and withouwt
suspension lines, respectively. It is seen that apparently the suspension
lines cause a highly irregular shock pattemahead of the canopy. In tests
without suspension lines, a stable detached shock wave pittern is formed.
Howaver, this contradicts previous experience, and efforts are now being made

to explain this contradiction, as outlined in Sec 5.2.5.1 below.

5,2.5 Proposed Work

5,2:5.1 The pressure distribution studies as specified in the present con-
tract have teen completed. hLowever, during the next reporting period, addi-
tional wind tunnel tests of several canopies with varying porosities and
different methods of mounting will te made to determine the factors which
influence the character of the shock wave ahead of the canopy without suspen-

sion lines. These tests will be conducted at Mach numbers of 2.0 and 3.0.

5:2,5.,2 During the next rerorting period, work will tegin on the writing

of a final report for this phase of the project.

5.3 Water Tow Studies

5.3.1 As a second phase of the investigation, a series of two-dimensional
water analogy studies have been made to visualize flow patterns within the
canopy. These studies were applied first to the analysis of the instability
of conventional parachutes, reported in Progress Report No 12, and later to
stability studies of various configurations of the sp-called spiked parachute,

reported in the Supplement to Progress Lkeport No 13,
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2.3.2 During this reporting period, a series of tests was performed at
Mach 2,0 with the spiked parachute tehind an ogive-cylinder forebody with a
caliber of 2.5, Tests were run at L/D ratios of 4.5 and 8, The ratio of

the parachute model maximum diameter to the forebody diameter was 2.

5.3.3 Results

Figures 7-1C and 7-11 show the flow pattern about the spiked para-
chute tehind the forebody (see Progress Report No 15, Fig 7-5, for identifi-
cation of parameters). For comparison, Fig 7-12 shows the flow pattern about
the rodel in free stream at Mach 2.0. It is seen that the flow patterns are
somewhat less defined for the parachute in the wake of the forebody but simi-

iar in nature. The stability seems to be unaffected.

5.3.4 Proposed Work

Water analogy experiments will be continued in close coordimation
with supersonic wind tunnel tests of the spiked parachute. Making use of
existing property analogies (derived in Frogress Report No 1), attempts will
be made to determine pressure distribution and relative drag of retardation

devices in the water tow tank.
5.4 Staticnary Model Water Analogy Studies

Sa4,1 The xsdvantages of ccmplementing the conventional water tow experi-
ments with studies in & moving water chainnel were enumerated in Progress
Report No 15, Desirable features for the projected facility were indicated

ana the detail design was begun.

5.4.2 During this reporting period, the design of the main component
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parts of the new water channel, including the structural framework and the
water ducting and reservoir, was completed. Bids for the construction of
these parts were received from local machine shops, but acceptance of a tid
wus delayed because of the termination of the present contract., Upon authori-

zation in the new contract, a bid will te accepted.
5,423 A Description of the New Water Channel

5.4,3,1 Figure 7-13 is a general assembly drawing of the proposed facility,
and shows the main features and dimensions. The main components will be

described in the following paragraphs of this report.

5.4,3,2 Main Channel and Supporting Structure

The rectangular channel is appraximtely 20 ft long, 52 inches
wide, and 5 inches deep. The channel floor consists of one piece of high
grade, miror finish plate glass 15 ft long and 4 inch thick. The glass
rests on plexiglass support pads mounted on adjustable swivel screws used
for fine adjustment in levelling the surface of the glass.

The vertical side walls of the channel are made of 6 x 3 1/2 x
3/8 inch right angle structural steel attached to the top chord of the
supporting structure., The channel is supported by two parallel steel
trusses 24 ft deep; its top chords consist of 4 x 24 inch steel channel
secticns running the entire length of the structure. The lower chord is
made 4L ft shorter at the downstream erd of the channel to provide space for
the pump and motor drive. At 24 ft intervals, there are cross ties joining

the two top and the two bottom chords, The swivel screws and plastic pads



which support the glass floor of the channel are screwed at intervals into
the tie: between the top crords. Ties at the lower panel joints support the
water supply pipe and ducting. Horizontal diagonal bracing members were
avoided in order to have large, unobstructed panels directly beneath the

glass floor for photographic purposes.

544e3,3 Channel Tilting Mechanism

A uniform alope of the channel is necessary to secure uniform
flow velocity, This slope must be adjustable in order to attain the water
flow velocity representing a certain Math number. Variation of the longi-
tudinal slope of the channel is provided by means of the tilting mechanism
illustrated in Fig 7-13. At the downstream end of the lower chord, the
trussgs are mounted on hinge pins, Near the upstream end of the channel, a
1 inch diameter bar is welded transversely to the bottom of the upper chord
members. This bar will be carried by two hydraulic rams, one om each side,
The hydraulic rams are connected to a hand operated hydraulic pump by means
of flexible pressure tuting and shut-off valves, The hydraulic rams have a
graduated travel; they can be operated in unison or independently to obtain

the desired longitudinal slope and transverse levelling of the c hannel.

S.4.3.4 Water Supply System

The water supply and storage system consists of a steel tank 104
x 3 x 24 ft with a capacity of 500 gallons, placed on the floor at the down-
stream end of the chennel so that its length is perpendicular to the channel's
longitudinal axis. The pumping equipment consists of a 7% hp Westinghouse
constant speed, three phase induction motor driving a Worthington Centrifugal
pump rated at 250 gallons per minute and a total head of L5 ft.
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The motor and pump are mounted on a bed pliate set transversely
under the downstream cantilever portion of the truss as shown in Fig 7-13.
The discharge side of the pump feeds into a short flanged diffusing section
which increases the diameter from 4 to 6 inches. The water flows through &
6 inch Walworth gate valve to regulate the flow, and then to a rubber expan-
- sion joint which takes up the displacement resulting from tilting of the
table and prevents the vibrations of the pump from being transfarred to the
trusses. The water then flows through a sequence of diffusers and 90 degree
bends until it reaches the nozzle approach section which has a constant cross
section of 4 x 52 inches., The nozzle approach section is provided with a
large removable framed panel for observation of the flow, and incorporates
flow straighteners, It leads to the variable nozzle which will be made of a
£ inch thick aluminum plate hinged to the top of the approach section and con-
verging to any desired opening at the lip. The rotation of the variable
nozzle plate about its hinge, which controls the amount of nozzle opening,
is controlled by a hand operated gear and lever mechanism.

The water flow from the channel returns to the reservoir by over-

flowing the downstream end of the channel.
5.4.4 Proposed Work

5.4,4,1 As soon as the necessary authorization from the contracting agency
is received, the order for the fabrication of the water channel structural
framework, water ducting, and reserveir will be issued to the local machine

shop that submitted the best bid.

5,4,4,2 Work will proceed on the detail design of the variable nozzle
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mechanism and instrumentation of the water channel, including & depth gage,

traversing gear and shadowgraph system. Simultaneously, the available com-

ponents such as the electric motor, starter switch, water pump, etc, will be
readisd for installation.

S5.4:.4.3 As soon as the structure, ducting and reservoir are delivered and
the other component parts received, the water channel and component parts
will be assembled and carefully aligned in preparation for calibration and
initial testing.

5.5 Wind Tunnel Stability Tests of Supersonic Parachutes

8551 Utilizing the knowledge obtained from the first two phases of investi-
gation, a retardation device was designed for efficient operation in supersonic
flow. Stability studies of this spiked parachute have previously been con-
ducted at Mach numbers of 2,0 and 3.0, as reported in Progress Reports Nos

14 and 15.

5.,5.2 Initially, rigidly mounted models were tested at Mach 2,0. The con-
figurations which appeared stable were then tested so that they were free to
oscillate and rotate ("pendulum" tests), and it was verified that configurations
which were stable when rigidly mounted were also stable when free to oscillate
and rotate (see Progress Report No 14, Sec 6.2.1 and 6.2.2), Tests at Mach

3.0 revealed that a larger cone angle was needed to obtain configurations

which were stable. The cone half angle was increased from 20° to 31.°, tests

were repeated, and stable configurations were found at Mach 3.0,

5.5.3 During this reporting period, tests were conducted to determine




whether the two configurations which were stable at Mach 3.0 were also stable
at lower Mach numbers, These tests were made at Mach numbers of 2.0 and 1.14.
Models, testing procedure, and sequence of events were the sams as in previous

studies,

S.5.4 It was feared that the addition of suspension lines to a stable
configuration might disturdb the flow pattern amd cause the ccnfiguration to
become unstable. Therefore, a model with suspension lines was built (see
Fig 7-14). The diameter of the suspension lines is 1/ of maximum canopy

diameter, This model was tested at Mach numbers of 1,06, 2.0 and 3.0,

5:5.5 Results

5:5,5,1 Figures 7-15 and 7-16 are Schlieren photos at Mach 2.0 of the two
configurations which were stable at Mach 3.0. These configurations are
stable, tut to a lesser degree than the same configurations with a 20° half-
angle cone at Mach 2.0. It was also found that the two configurations which

were stable at Mach 3.0 were highly stable at Mach 1.14,

5.5,5.2 Figure 7-17 is a Schlieren photo of the spiked parachute with sus-
pension lines at Mach 3.0, It is seen that in this case the suspension
lines do not influence the flow patterns, nor do they affect the stability,

This was also true at Mach numbers of 1.06 amd 2.0,
5,526 Proposed Work

5.5.6.1 A flexible model of a stable configuration of the spiked parachute

suitable for testing in a supersonic wind tunnel is presently teing fabricated.
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During the next reporting period, this model will be tested at Mach numbers
of 1.14, 2.0 and 3.0 to determine its stability characteristics.

5.5.6.2 A flexibls und a rigid model of the supersonically stable spiked
parachute with nominal diameters of 12 inches are teing fabricated for subsonic
investigation at Mach 0.2. The subsonic stability characteristics will be

determinod a8 normal and tangent forces and moment versus angle of attack.
5.6 Drag Studies of Supersonic Parachute

5.6.1 During the previous reporting period, several tests were made to
determine the drag coeft‘icient of various configurations of the spiked para-
chute at Mach 3.0, and the results were presented in Progress Keport No 15,
Sec 6.7.2, During this reporting period, a more extensive series of drag
tests were made at Mach 3.0, as welll as at Mach numbers of 1.06, 1.14 and
2,0, Figure 7-20 in Progress Lkeport No 15 illustrates the method of mounting
the models in the test section for the tests at Mach numbers of 1.06, 2.0,
and 3.0, and Fig 7-18 in this report illustrates the test arrangement for
drag studies at Mach 1.14. The apparatus shown in Progress keport No 15 was
also modified so that the drag of the cone with the canopy positioned behind
it could be measured. 4n electrical strain gage type drag balance was used

to record drag data.

S5.6.2 The two stable configurations of the spiked parachute were tested
at various Mach numbers in these drag studies, as was the model with suspen-
sion lines (See Sec 5.5.4 above), In addition, the drag of the 20° half-

angle cone alone was measured at Mach numbers of 1,06 and 2.0, and the drags




of the 3h° half-angle cone alone and of the canopy alone were measured at
Mach numbers of 1,06, 2.0, and 3.0. Several other configurations, both

)
stable and unstable, were tested for drag, using both the 20° and 34 half-

angle cones,

5,63 kesults

5.0.3,1 Figure 7-19 presents the drag coefficient, Cp, of the two super-
sonically stable configurations versus Mach number based on canopy surface
area (see Fig 7-5, Progress Feport No 15 for identification of parameters).
The sharp peak in drag at transonic Mach numbers is characteristic of all
drag producing bodies, However, this peak does not show up for all bodies
presented here due to lack of tests over the transonic range. Figure 7-20
shows the drag coefficient of the 20° half-angle cone alone (based on pro~
Jected area) and with a canopy positioned behind it at various Mach numbers,
and Fig 7-21 presents the same information for a 34% half-angle cone.

Figure 7-22 presents the drag coefficient of the canopy alone at various
Mach numbers, Figures 7-23 through 7-25 present the drag coefficient versus
cone location for transonic Mach numbers, Mach 2.0 and Mach 3.0, respectively.
These drag coefficients are buised on the canupy surface area, Figure 7-26
presents the drag coefficient of the various configurations versus Mach
number, based on the total surface area in ths configuration. It is believed
that the drag coefficient of the complete configuration can be improved

through reduction of the surface area (see Sec 5.6.4).

5.6.3.2 a8 illustrated in Figs 7-20 and 7-21, the presence of a canopy

behind the cone great.ly decreases the drag of the cone; in fact, drag
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measurements of the 20° half-angle cone at Mach 2,0 revealed thrust instead
of dreg. It was concluded that the presence of the canopy produces a re-
latively high base pressure on the cone, As seen in Figs 7-23 through 7-25,
the drag coefficient of the model with suspension lines is about 164 higher
at Mach 1,04 and 10% higher at Mach 3.0 than the diag coefficients of the same
model withowt suspension lines, From Figs 7-23 amd 7-24, it is seen that
stable configurations with a 34° half-angle cone have higher drag than the
equivalent configurations with a 20° half-angle cone,

5.6.4 Proposed Work

As mentioned in Progress Report No 15, Sec 6.7.3.2, an attempt is
being made to improve the drag efficiency of the spiked parachute by decreas-
ing the surface area of the canopy. Supersonic wind tunnel drag tests of

these revised models will be conducted during the next reporting period.
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FIG 7-4, DCUbLE wXPUSURE SHADGWGRAPH GF HIFFON PARACHUTE MOCDEL WITH

SUSPENSICN 1.INES IN FRERSTREAM AT MACK 3,0,

FI1G 7-9. DCUELE EXFCSURE SHADCWGRAPH QF RIBEON PARACHUTE WITHOUT

SUSFENSICN LINES IN FREESTREAM AT MACH 3.0, )

et




FIG 7-10. WATER ANALOGY WITH DYE AT M, = 2,0 OF A STAHLE CONFIGUHATION
BHHIND A FOREEODY AT L/D = 4.5; H/Dy = 0,57, Do/Dy = 0.52,

/By = 0.35.

prees?”?



FIG 7-11, WATER ANALOGY WITH DYE AT My = 2,0 OF A STABLE TONFIGUHATION

BEHIND A FURERODY T L/D = 8; H/Dy = 0.57, Do/Dy = 0,52,
I/Di = 00350

FIG 7-12, WATER ANAIOGY WITH DYE AT My = 2,0 OF A STAFLE CONFTGURAT ION;

H/Dy = 0.57, D,/D; = 0.52, 1/Dy = 0.35,
Vi 2 304
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F1G 7-14. SPIKED PARACKUTE MODEL WITH SUSPENSION LINES; @ = 3°

N/Ds - 0068'. DQ/Di - 0.89“, l/Di - 0|350

AUMANN Y (v

FIG 7-15. STABLE CONFIGURATION IN PiNDULUM TR3TS AT M, = 2,00;

© = 3,°, H/D, = 0,681, Do/Dy = 0.898, 1/L; = 0,45,

; o



FIG 7.6,

FIG 7-17,

STALLE CONFIGURATION IN PENIU'IUM TESTS AT My = 2,00;
® = 3.%, H/Dy = 0,821, D /D, = 0,898, 1/Dy = 0,15,

STAPLe CONFIGURATION WITH SUSPENSION LINES AT My = 3.0

@ = %, Ky = 0.681, Dy/Dy = ©.898, 1/Dy = 0,35,
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FIGT-19, DRAG COEFFICIENT OF TWO STABLE CONFIGURATIONS VS. MACH NUMBER S
(BASED ON CANOPY SURFACE AREA)

4.0
30
£
2.0
Cy
8
1.0
CONE ALONE
@ CONL WITH CANDPY AT
W/ Q681 , B/ «0. 808
o
A CONE WITH CANOPY AT
H/D «0.821 0,/ =0.898 o
1.0 o o

2.0 3.0

MACH NUNBER
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FIG T-2l. DRAG COEFFICIENT OF CONE,0+34,VS MACH NUMBER
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Project No 8

6.1 Introduction

6,11 In Progress Heport No 12, an analytical method was submitted by
which the filling time of a circular flat parachute could te calculated,

In Progress Report No 14, an analytical method was given for determining the
opening forces when the filling time is known, Both of these analytical
methods were based on the assumptions that the drag area, CDS, of an inflat-
ing cancpy increases linearly with time, and that the drag coefficient, CD’
remains constant during the inflation process, implying & linear increase

of projected canopy area with time.

Lale2 Studies which were made to check the validity of these assumptions
were described in Progress Report No 14. These experiments showed that the
assumption of constant Cp was nearly correct. However, the experimental
size-force studies showed that the projected area varies more nearly para-
bolically than linearly with time. Therefore, the analytical methods for
calculating filling time and opening forces have been revised using the
assumption of parabclic variation of drag area with time. These new analy-
tical methods, which include improvements in the method of converting launch-
ing velocity to velocity at the beginning of inflation as reported in Progress

Report No 15, are presented in this report,

te 1,3 In Progress Report No 15, revisions in the experimental test setup

for stuuying the size-force history of the inflating paractute were reported.
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A new -u-pcudod sAss system was deacribed, and problems concerning the magni-
tude of the suspeaded mass were cutlined. During this reporting period, a
series of wind tunnel tests were made in order to study the relationship
betwesn suspended mass and opening force. These studies are reported in

Sec 6.4,

Salubk Another series of wind tunnel experiments wers conducted to measure
the pressure distribution over the outer surface of the inflating parachute
canopy. The models representing various stages of the inflating parachute
were described in Progress Report No 15, Sec 7.4.1. The data from these
experiments is currently being reduced, and results will be reported in the

next progress report.
6,2 Amalytical Investigation of Parachute Inflation Time
§.2.1 Introduction

6:2.1,1 When a parachute is deployed downstream of a body, it is in a
deflated elongated shape, and the net gain of the air flowing in and out of
thé parachute alters the shape of the canopy until a final shape of inflation
is reached, During this process of inflation a retarding force acts upon the
load connected to the parachute, and the magnitude of this force is a function
of the duration of the inflation, umially called opening time. Thereforse,

the determination of the opening time is a very important matter,

6.2,1.2 Approximations have been made of the filling time from movies, but
these are dependent on definite restrictive conditions such as canopy loading,
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equilibrium velocity, etc (Ref 1, p 4-2-3). These methods are in general

unsatisfactory.

£5.2.1.3 Analytical methods for determining the filling time of a parachute
have been attempted in which simplified shapes were assumed for the inflating
canopy to reduce the complexity of the problem (Ref 2)., However, these methods
are still too complicated for practical use. The purpose of this study is to
attempt a solution for the filling time under assumptions concerning the
inflating canopy shape which are still restrictive, yet lead to a simpler treat-

ment of the problem.

$.2.1,4 Because of the complex physical process invulved, and in spite of
simplifying assumptions, the analytical expression obtained for filling time
is a complicated integral equation which cannot be integrated directly. How-
ever, it is possible to perform & numerical integration for any particular

case,

$.2.2 List of Symbols
a = Speed of sound (ft/sec)
A = Dimensionless constant = i0 W /g 9 D°3
E = Constant = 3({CpS)nax & / Do® (sec/ft)
c = Effective porosity u/v
Cp = Drag coefficient of parachute
CpS = Drag area of inflating parachute canopy (ft<2)
d = Diameter of canopy mouth

D = Projected diameter of canopy during inflation (ft)
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D = Nominal diameter of parachute cancpy (ft)
€ = Acceleration dus to Sarth's gravity (ft/sec?)

Apparent mass coefficient
Length of suspension lines (ft)
= Included mass (slugs)

.l"
]

= Apparent mass (sluge)

' Mach number |

= Atmospheric pressure (1b/rt2)

= Total pressure (1b/ft?)

= The instantaneous opening force (1lbs)

u'u‘yvl"p
»

= Projected area of canopy during inflation (££2)
Filling time (sec)

>
o)
.

T = t/t”ntio of instantaneous time to filling time

u = Velocity of flow through canopy roof (ft/sec)

v = Velocity during inflation (ft/sec)

¥vin = Velocity of flow through canopy mouth (ft/sec)

Vo ™= Velocity at the beginning of inflation (ft/sec)

V = Canopy volume during inflation (ft3)

W = Weight of suspended load (1lbs)

f = Adr density (slugs/rt)

¢ = Standard Atmosphere density ratio

OC = Ratio of the length of suspension lines, L,, to
nominal diameter of the canopy, D,.

Determination of Basic Working Equation for Filling Time

Associated with & parachute moving through air is a drag force
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based on the shape of the canopy. This drag force is usually expressed in a
form similar to other aerodynamic forces, and is the product of the dynamic
preasure of the fluid (§ ’vz) and the so-called "“drag area®™ of the parachute
(Cps).

6.2.3.2 The primary assumption to be mude in this investigation i3 that the
drag area of the inflating canopy increases parsbolically with time and that
the total filling time is also a consequence of this relationship. Also, it
will be assumed that the drag coefficient, Cp, remains constant for the
various shapes thut the canopy assumes during the inflation process. Both
the above assumptions have been verified experimentally and found reasonably

accurate,

$22.3,3 With the assumption that the drag area increases parabolically with
time while the drag cecefficient remains constant, a parabolic increase of
projected area with time is obtained. Thus, the projected area S can be ex-

pressed as

a
s= LD . ki, (8.1)

The proportionality constant K is found from the condition

D= Dy, when t=¢t,
which gives

k= LB (8.2)
¢

Considering only circular flat parachutes with nominal diameters, D,, and
considering the fully inflated canopy to te hemispherical {Fig 8-1), D,



can be expressed by

Do = "—.“.% , (8.3}

With this relationship, equation (8.2) becomes

D.
K= —ﬁr . (8.4)

Substituting this expression for K into equation (8.1) gives

- D it (8.5)
S=F T
or
Dt%rg'r ) (8.6)
where
t
T=-{; .

6.2.3.4 The parachute shape during inflation is assumed to consist of a
hemisphere of diameter D and a truncated cone with lower base of diameter D
and upper base of diameter d, as stown in Fig 8-2 (Ref 7)., This assumption
is not exactly correct, since the conical and spherical surfaces should actu-
ally join tangentially, which would make the spherical portion slightly more
+han a hemisphere, This slight difference is neglected. Then, by similarity,

%= — (8.7)
R . 87




Substituting the value of D from equation (8.6) in equation (8.7) gives the

value of the instantaneous mouth diameter d as

d=BR: {EL

e =D, T

. Rhal 1-] _ (8.8)
6.2.3.5 Parachute canopies are normally constructed of porous fabrics which
allow & certuin portion of the air inflow to permeate the canopy roof. It is
the difference between the mass flow entering the canopy mouth and the mass

flow through the canopy roof that causes the canopy to inflate. This may be

expressed mathematically as
]
T v p— 52 up=4(eV) (8.9)

Since the inflation of the parachute requires little time, changes in
altitude are negligitle, and it can be assumed that the air density remains

conatant,

£.2.3.6 It is necessary to express the inflow and outflow velocities, Vin
and u, a3 functions of the velocity of the system, v. At the beginning of the
inflation process, the inflow velocity is nearly equal in magnitude to the
free stream velocity, whereas after complete inflation a stagnation point is
formed and the inflow velocity is negligible. As an approximation, it is

assumed that the inflow velocity decreases linearly with time, which gives



e The ﬂou ﬁlocit.y through the canopy roof is then assumed to be proportional
'ta thc 4nflow valocity. This gives

vg_h_ere ¢ 3s the "effective porosity" of the fabric, defined ay the ratio of the
outflow velocity to the inflow velocity of the flow through a porous fabric
(Ref _5-)." Thus, for equation (8,11) to hold, the flow velocity Jjust inside the

canopy ‘roof must be equal to the inflow velocity through the mouth.

: é_,,g,}_._z Now by substituting equations (8.6), (8.8), (8.10) and (8,11) into
_qqﬁiidn'(aﬂ) and dividing by ? , one obtains

e ﬂf-'. By \r(l-T) Tt 2L, - (8.12)
BT Sl aL,+D.-o.T7) " %

S

By making ttie ,m,_;p_stituti\onﬂy
dt = t‘f. dT )

equation (8.12) becomes

N

_v_ thu-ﬂT‘ [ 2L
x T

= ) —
T L,+D,-D.T) a°:l . (e.13)

Equation (8.13) represents the basic working equation for finding the filling
time, ty. By expressing v as.a function of T and integrating the right side
from T =0to T =1, and the left side from V =0 to V = V.., a solution for

the filling time can be obtained.




[-TA The Infinite Mass Case

There ares two :mp§rtant cades to be considered when investigating
the veioéity of tie system during inflaiion of tl;ne barach—ute. The first is
called the "infinite mass" case, where the velocity of the system does not
change appreciably during inflation and can therefore be considered constant
(Ref 1), |

To solve for the filling time in the infinite mass care, equation
(8.13) can be directly integrated with v constant and equal to v,, the
velocity at the beginning of inflation. Putting equation (8.13) in integral

form, one obtains

2 | 2 1 VMGK
D Vot 2 - ( ZL-i ).— N - .
Brlele f'r 1 1'][ TR 2¢faT c)c:v . (8.14)
o a

Integrating Equation (8.14) gives

2 2 2 '
A QL;(ZL;-'- ), 2 sfeLbs cl.)z
Dg Vot [ Do L Ly _12Lg(elLs+ tn 2Lg +

Vinax =

D3 "2Lg+Dy Ot 2Lg+Dp
(8.15)
+8La(4La+Dg _ 2Lg(2Lf+oLaD04Dd) _
Doz D°3 6
But vm&x can be expressed as
2 D
= 5 (8.16)

max= T8 .
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Substituting equation (8.16) in equation (8,15), the valus of t, can be
obtained as

aLs (2Lye 'gs_(s'_-a:P.e).
te= 2“/317%[ Dos in a\_s.',m tn ZL +D‘
2la4LsrDo)  2Ls(izLfeoigDornl) | € (8.17)
M &g - D°3 ) *

Equation (8.17) gives a relation for finding the filling time for the infinite
mass case, If the length of the suspension lines L, is taken equal to the
nominal diameter of the canopy D, the value of the filling time ty for the
infinite mass case can be simplified to

t = 20 (8.18)

arw (0.05 - %) '

£aled The Finite Mass Case

6,2:5.1 The second case to be considered is the "finite mass™ case, in
which the velocity of the system does change appreciably during the inflat-
jon process. This case is much more complicated than the infinite mass case,
and Newton's Second lLaw of Motion must be used in the investigation. Newton's
Second Law -.ates that an unbalanced force which acts on a body produces a
rate of change in the momentum of the body equal to the unbalanced force.

It can be written as
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dmwv _ ¢ | (8.19)
dt

In the case of an inflating paraciute, the force F is the aerodynamic drag
force, F = (?/Z)CDsz, and the mass term m includes the mass of the suspended
load W/g, the mass of the air trapped in the canopy, called included mass

my, and & term called "apparent” mass m,, which results from the transfer of
energy to the surrounding air of a body moving through the air, The maas of
the parachute canopy and suspension lines is neglected, It is necessary to
investigate toth the included and apparent masses before attempting to deter-
mine the velocity during inflation.

6.2.,5.2 As menticned before, the included mass is the mass of the air
trapped within the parachute canopy and can be expressed as my - ?V. An
expression for the canopy volume is then riecessary. The volume of the

canopy is (See Fig 8-2)

V=" + Vv

Vhemisphere frustrum

v= 4@l @ e a7

Substituting equations (8.6) and (8.8) into equation (8.20) gives

- ap3T? 1 T
V= :51:-' “;T*a<a|.s+o DQJJ(&"*")."%*?F}S 21)

(8.20)
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Then the included mass m; can be expressed as

. 3
-208T8p Jl 1 2L E ot 1| (8.22)
M=y 4"'2(2L5+‘L’c§-n;r)] (’f*"‘-‘) it

£.2.5.3 To illustrate the significance of the included mass, Table -1 was
prepared. This table gives the included mass of various inflated parachutes
at sea level density assuming that the length of the suspension lines Ls

is equal to the nominal diameter, D,, of the canopy. It shows that far
retardation parachutes, the included mass may be an important item and in
each particular situation the effect of the included mass should be investi-
gated in order to determine its significance. Since this study is concerned
mainly with the general retardation problem, the included mass term will be
considered in the analysis.

D, (ft) m (slugs) : m (1b)
20 1.283 L1.4
28 3.540 114.0
40 10.270 330.5
60 34.700 1119.0

TABLE 8-1, INCLUDED MASS OF FULLY INFLATED PaRACHUTES
OF VAKICQUS DIAMETERS

6:2,5,4 During the inflation of a parachute canopy, the flow pattern and
kinetic energy of the air surrounding the canopy undergo extreme changes due

to the unsteadiness of motion and the changing shape of the canopy. This
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change of energy results in a force and is related to an increase in mass
called the "apparent" mass (Ref 3). For regular solid bodies, such as spheres,
in potential flow the apparent mass can be developed exactly. It is possible

to express the apparent mass of so0lid bodies of revolution as
m, = K'TR*p (8.23)

where R is the radius of the body and K' is a constant determined Yy the shape
of the body. For a solid sphere, K' = 0.666 and for a solid flat disc, K'
= 0.849 (Ref 4).

6,2,5.5 Heinrich (Ref 5) attempted experimentally to determine the apparent
mass of fully inflated parachutes of various types made out of porous cloth,
and found that a value of K' = 0,25 gave a close approximition., Since theo- '
retical approaches to the problem of apparent miss consider only solid bodies,
it appears that the most applicable assumption for the apparent mass of an
inflating parachute should be based on this experimental work done with
porous fabrics. Therefore, it will be assumed that the apparent mass of the
fully inflated parachute has a coefficient of K' = 0.25, the value provided
in Ref 5. This coefficient apparently changes in value during the inflation
process, because if the assumption were made that it remained constant, the
canopy would have an apparent mass equal to that of a fully inflated parachute
with a projected diameter equal to the projected diameter of the inflating
canopy. The inflating canopy is more streamlined in shape than an inflated
canopy of the same nominal diameter, and therefore its apparent mass will be

less. Under these considerations, the approximition is made that the apparent



mass coefficlent varies linearly with time during inflation, reaching a
mximum value of 0,25 at full inflation. This is apparently the upper
dimit and shall be expressed as

K'so0.25 7T, (8.24)

The apparent mass from equation (8.23) can then be expressed as
M= 028 TR T . (8.25)

With R = D/2 = Dy /1Y T, equation (8.25) can be written as

3
me = ,3- T (8.26)

Equation (8.26) gives the value of the apparent miss; from the equation it

can be seen that it is not small and hence cannot be neglected.

$:2,5.6 The total mass, m, which was defined as the sum of the suspended

load W/g, the included mass m; and the apparent mass m, can now be expressed

m=%L+m1+m,

(8.27)
Substituting the values of my and mg from equations (8.22) and (8.26),
respectively, gives
m= ."i + D, I:g::%— 2(2L5+D.-D.T)3-‘
./(at;.. N ‘__r) -ﬂ.r . %-} ;-%J (8.28)
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In view of the coming integration it is necessary to simplify the above
expression, The expression

ang |k L 2L _4 T, T* (8.29)
I [’i_a(al..?-‘i-o;r)!l/('ﬁf"""rj T tFrt I

can be simplified by letting

= .La (8.30)
*=n

Then the expression (8.29) can be written as
2T [N _ /o ¥ 4t Tl Tt (e
3"&"{% ""‘(au+|--r ) ]ia"‘*'"ﬂ r + w}"' Tt

€.2:5,7 In general, the value of o for conventional parachutes is between

0.75 and 1. The numerical values of the expression (8.29) were found for both
& = 0,75 and &= 1.0 for values of T between O and 1 in 0.1 jintervals. These
values are tabulated in Tables 8-2 and 8-3, and plotted in Fig 8-3. It is
evident from the figure and tables that the values of o in the interval 0.75
to 1 does not have any significant effect on the value of the expression
(8.29) in the region of interest 0 < T < 1,0. From Fig 8-3 it can be seen

that this expression can be approximited closely by the parabola T2/10.

6.2.5,8 Using this simplification of the last paragraph, the total mass

can te expressed as

, Y )
m= —\g— + LQ'-‘O—T (8.32)

-81=



Substituting equation (8.32) in Newton's Law (equaticn (8.19)] gives

# E‘(-;"*’-%r)} =-$ PV (C,9). (8.33)

But by ths fundamental assumption that drag area varies parabolically with
tine the instantansous drag area CpS can be expressed as

c,.s-(c.s)m T, (8.34)

Substituting equation (8.34) and aimplifying equation (8.33) gives

(Av'r‘)%. + v-ﬁ. (A+T“)=—b1“v') (8.35)
where
= ow
A W (8.36)

Ba 2.(‘_-9%?3_ (8.37)

or
tdv 2T |\ _ _ BT (8.38)
VAT T [ATH Vv AsTY

Defining 1/v as x, one gets

dx 2T _ et
il v Rl v (8:39)

Equation (8.39) is an ordinary linear differential equation and can be

solved to give

B{(A+T: N
X = ‘Aa )(J%TAn‘m - K-{'T“ +C(A+T) (8.40)
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where C is a constant of integration, or

L_ ATV T - T 2 (8.41)
V= T2 (JR‘TNK m‘r) +C (AT,
The constant is evaluated by using the condition that v = v, vhen T = O,

and finally the value of instantaneous velocity can be expressed as

Vo
B% A [AT a T | . AT .
2 \“ ~—=—— TAN I— -T |+ A

VYV = (B.l.;z)

6,2.5.9 Substituting into the basic working equation (8.13) the value of
v given bty equation (8.42) and writing the resultant equation in integral
form, the following expression is obtained, from which the filling time for

the finite mass case can be determined:

Ve 1 B (1-T)ITMy J
Ju=] E ATk _‘-j—-ﬁ—r— T e
° 2 vA»

The right hand expression cannot te integrated directly without making
serious assumpticns and simplifications. Therefore, to determine the fill-
ing time accurately, a numerical integration of the expression is necessary.
This is further complicated by the fact that the integrand contains tg,

which necessitates the use of a trial ard error solution.

6.2.6 Numerical Solution l
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Since it is not possitle to integrate equation (8.43), the follow-

ing numerical method can be used to determine the filling time for any given

(1)

(2)

(3)

(4)

(5)

e ——— . — ——

Calculate the volume of the fully inflated parachute V,,. by
assuming it to te a hemisphere

CTE o

Calculuate the corresponding value of ¢, the effective poroaity,
as outlined in Progress heport No 14, Sec 7.2.1.

Calculate the velocity at the beginning of inflation vy as
outlined in Progress Report No 15, Sec 7.2,

Assume & value of the filling time t, which appears to be

in the right order and calculate the value of the integrand

B Yot ey ‘l_
FT4)= 3 A*T'jt[{%‘;n T). AFT (8.44)
a TR

for T varying from O to 1 in intervals of 0,1, These calcula-
tions can be mide conveniently on a calculation sheet as shown
in Fig 8-4.

Plot the value of the integrand obtained under (4) above
versus T, and measure the area under the curve with the help

of a planimeter. This area represents the numerical value of
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the right hand side of equation (8.43). If this value is
equal or ip'px‘oxillt.h equal to the volume of the parechute
canopy calculated under (1) above, the assumed filling time
represents a satisfactory approximation of the filling time.

(6) If the process under (5) does not show satisfactory agreement,
take several values of . and repeat operations (4) and (s).

(7) Compare again ard if no satisfaction is reached, plot a curve
showing the measured areas obtained in the preceding cperations
versus the assumed values of the fillirg time, amd from this
find the particular valus of ty for which the value of the
curve squals the volume of the canopy. This value gives the
calculated value of filling time.

&3 Analytical Investigation of Parachute Opening Force

£.3,1 The force experienced bty a parachute canopy during the inflation
proceas can be found ty Newton's law

d
p=.._9wa.;i , (8.45)

The value of dv/dt can be found from equation (8.39)

dv 1L dv _ | 2Tv+BTv?
dt — tedT —a A+ T
or
dv Ty (2+BTV (8.46)
dt § A+T?

where the value of v is given bty equation (8.42).
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Substituting the value of dv/dt from equation (8.46) into equation (8.&5),

the force experienced by the inflating canopy can be expressed as

P=WIY Z*BTV"] . (8.47)

gt A+T?

6.3.2 It is not possible to find the maximun. opening force, the openirg
shock, directly from equation (8.47) above, Therefore, using the value of
tf found by the analytical method in Sec 6.2 above, the value of P given
above is calculated for T ranging from O to 1 in intervals of 0.01., These
calculdﬁions can be mde on a calculation sheet such as the one shown in .
Fig 8-5., The values of P are then plotted versus T, and a smooth curve
drawn through the points. From this curve, the value of the opening shock

can be found as desired,
6232 Comparison of Theoretical and Experimental Results

6:3,3.1 In order to check the accuracy of the analytical method for cal-
cvlation of opening forces and filling times, results are compared with the
experimental data precented in Ref 8, To cover the range of experimental
data given in this reference, five launching velocities were chosen, namely,
Vi =100, 150, 200, 250, and 300 knots. Three different altitudes of 7,000,
14,000, and 20,000 ft were cl.osen as in the reference., These launching
velocities were converted to velocities at the beginning of infla%ion and
presented in Fig 8-3, Progress Report No 15, Since it is more accurate to
compare opening forces, calculations will be made based on the theory des-
cribed above far a 28 ft circular flat parachute at the above values of

launching velocity and altitude,
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6,3,3,2 Prelimimary calculations of opening forces have been made for an
altitude of 20,000 rt, and Fig 8-6 compares experimental and theoretical
values for that altitude, It is seen that the calculated values are lower
than the experimental results, but are of the right mignitude, It is noted
tmt the discrepancy does not vary with the launching velocity. These results
are tentative and subject to revision, No judgment of the theory should be
made until opening forces for altitudes of 7,000 and 14,000 ft are compared

with experimental results.
‘WA Size-Force history of Inflating Parachutes in a Wind Tunnel

baliel During this reporting period, a series of tests were made to
determine the proper magnitude of suspended mass which should be used to
represent the finite mass case of parachute opening, The revised suspended
mass system, shown in Fig 8-7, was described in detail in Progress Report
No 15, Sec 7.3.3. The range of weights, W,, of the suspended mass, includ-
ing the weight cart, was from 2.00 to 5.25 lbs. These weights were used in
conjunction with two circular flat parachutes with nominal diameters of 16

inches and 4 ft.

64,2 Figures 8-8 and 8-9 present typical force-time histories for the
two parachutes using various values of suspehded mass, Wa. During the test
zruns, high-speed movies were taken from such a position that the behavior

of the suspension lines and canopy could be observed. Close examination of

these films showed the parachutes to behave normally. The range of values

of Ws did affect the opening time to a slight extent,
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6ahad ™ important question is whether the finite or the infinite mass
cass of parachute opening is actually being represented, If the suspended
Bass 1s too great, the infinite mass case may be represented, and the value
of H' would have to be decreased in order to© obtain the finite mass case as
desired, let us use le.x to denote the maxirum opening farce (opening shock)
between parachute and suspended mass, and Fc to denote the force obtaired
with constant velecity on the fully inflated parachute (steady state,
infinite mass case), defined as

Fe = (CoS)ua % (8.48)

where (CDS)IMx = maximum drag area of the canopy

ar = free stream dynamic pressure.
For the infinite mass case, F max > Fc' However, for the finite mass case,
the opening shock 1is

Fune = x&bs)m q‘. = XFe ) (8.49)
where the amplification factor, X <1, Then lex < Fc.

Calials At the dynamic pressure used in the tests of the 4 ft circular flat
parachute, and using the appropriate (CDS)mx’ the force F, is approximately
65 to 75 1bs. Therefore, the finite mass case is represented for the range

of values of Ws in question,

634, 5 At the dynamic pressure used in the tests of the 16 inchk circular
flat parachute, and using the appropriate (Cns)m, the force Fo is between

2 and 3 lbs, From Fig 8-9 we see that a suspended mass of 2,0 lts represents a
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borderline betwean the infinite and finite mass cases, where the opening

shock is nearly equal to the "steady state" force, F,.

$.ba.b Since the parachute travel distance in the test section of the wind
tunnel 1s limited, it has been decided to use a 3 ft nominal diameter cir-
cular flat parachute together with a suitable value of W, in future studies
in order to insure that the parachute is completely open at the end of the

run,
6,5 Proposed Work

6:5.1 Based on the analytical methods given in Sec 6.2 amd 6.3 above,
calculations will be made for opening time and operning forces of a 28 ft
circular flat parachute at altitudes of 7,000, 14,000, and 20,000 ft and
launching velocities of 100, 150, 200, 250, and 300 knots. These results

will be compared with experimental results from Ref 8,

£,5.2 The deviation between experimental and theoretical results will
be studied, and efforts will be made to further improve the theory so that

results can be brought into closer agreement,

6,5.3 A series of size-force studies will be made in the subsonic wind
tunnel using a 3 ft circular flat parachute witha suitable value of sus-
pended mass to represent the finite mass case, High-speed movies of the

opening canopy will be made while a simultaneous force-time history is being

recorded,

6:5.4 The pressure distribution over the outer surface of models repre-



senting intermediate shapes of the inflating parachute canopy will be deter-
mined, As mentioned in Sec 6.1.4 above, these experiments have been made,
and data is currently being reduced. This will be completed and the results
presented in the next progress report.

62548 A series of seven models of various shapes of the inflating para-
chute similar to the ones made for the external pressure distribution
(described in Progress Report No 15, Sec 7.4.1) are being made. These models
will be used to measure the presswe distribution over the internal surfaces
of the inflating parachute canopy.
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Project No 9

7.1 The draft of the final technical repart of this project has been

completed, and is curremly being reviewed,



Project No 10

8.0  Study of Fasic FPrinciples of New Parachutes and Retardation
Devices

&1 Introduction

| 8.1.1 The objective of this study is to determine the effect of the pre-
sence of a blunt primary body ahead of the vortex ring parachute on its drag

characteristics and rotational velocity.

8:1.2 The geometrical characteristics of the vortex ring parachute, a
description of the apparatus used to measure drag of the model, and the drag
and rotational characteristics of the model alone as a function of free
stream velocity were presented in Progress Report No 12. The drag coeffi-
cient, Cp, as a function of free stream velocity and Reynolds number over an

extended range was presented in Figs 10-2 and 10-3 of Progress Feport No 13.

&.1.3 The blunt body in these tests is a simultated A-22 Cargo Container
with prototype dimensions 60 x 52 x 43 inches. A 32 ft nominal diameter
vortex ring cargo parachute was taken as a reference prototype parachute.
Because the vortex ring parachute model has a nominal diameter of 1.48 ft,
the simulated container has the dimensions 2.78 x 2.41 x 2,00 inches, with

a frontal area of 4.82 square inches, The distance from the confluence point
of the parachute model suspension lines to the simulated container is equi~

valent to a4 10 ft riser on the prototype.

8,2 Experiments
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To meamuire the drag of the parachute with blunt body, the simulated

A~22 container was mounted in the test section as shown in Fig 10-1, with

the dm_ line for the parachute running freely through the center of the con-

tainer to the strain gage drag pickup described in Progress Report No 12,

Se¢ 9.2.2 and Figs 10-1 and 10-4,

8.2:2 The drag and rotational characteristics of the model were measured

at free stream velocities between 70 and 221 ft/sec, corresponding to a

range of dynamic pressures from 1 to 10 inches of water, at intervals of 1 inch

water.

8.3

8.1

The tests were conducted as follows:

1)

2)

3)

4)

The dynamic pressure settings were accurately controlled
using & micromanometer reading to 0.001 inch water head.
Drag measurements were recorded over a period of 5 sec at
each increment of dynamic pressure through the use of a
Century Recording Oscillograph, thereby allowing an average
value to te determined.

At each increment of dynamic pressure, the rotation of the
model was recorded using a high speed movie camera and the
method described in Progress Report No 15, Sec 9.3.4.

When a dynamic pressure of 10 inches of water was reached,
the cycle was repeated. A total of three cycles completed

the test.

Results

It is found that the drag coefficient for the parachute with the

blunt body in front varies from Cp = 1.15 at 50 ft/sec to 1.32 at 220 ft/sec,
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as shown in Fig 10-2, This is compared with the results for the parachute
alone (Progress hsport No 13), where Cp = 1.25 at 50 ft/sec and Cp = 1.46 at
220 ft/sec. Therefore, it is seen that the blunt body decreases the drag
coefficiernt by approximstely 8 to 10%, as shown in Fig 10-3.

8,3.2 A8 shown in Fig 10-4, the rotational velocity varies linearly from
19 rev/sec at 70 ft/sec to 58 rev/sec at 220 ft/sec. The gore tip velocity

is alsc shown in this figure; both rotational and tip velocitles are compared
with the results for the parachute alone,where the rotational velocity varied

linearly from 20 rev/sec at 70 ft/sec to 62 rev/sec at 220 ft/sec,

8.3.3 As a check of the testing method and apparatus a Ritbon parachute
model with 20£ geometrical porosity and 50-in prototype diameter was tested
both in free stream and with the simulated aA-22 cargo container using a 10 ft
riser. As shown in Fig 10-2, thc free stream drag coefficient was Cp = 0.58.
This compares well with previous experimental results. When tested with the
blunt body, the drag coefficient varied from Cp = 0.55 at 120 ft/sec to Cp =
0.432 at 170 ft/sec (Fig 10-2), which represents a decrease of the drag co-
efficiemt varying from 5 to 25% as shown in Fig 10-3, The Ribbon parachute
model displayed some squidding action at the higher velocities, which explains
the drop in drag coefficient,

8.4 Proposed Work

8.4,1 An attempt will be made to improve the drag characteristics of the
vortex ring parachute through the use of a model of this parachute which has
adjustatle lines, tuned to optimum efficiency, rather than the model with

fixed lines which has been previously tested,
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m This wortex ring parachute model tuned to optimum efficisncy will
also be tested in search of a standing vortex ring (See Progress Report No 15,
Sec 9.3).
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