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sile development; R. G. Slayman, materials; and A. C. Aebischer, field test-
ing. :

Goodyear Aerospace acknowledges the support and technical information sup-
plied by the following Recovery and Crew Station personnel for programs
supporting decelerator research:

Mr, S, R. Metres

Mr. W. R. Pinnell

The contractor's number for this report is GER-129067.

This manuscript was released by the autiiors April 1967 for publication as an
RTD technical report.

~This technical report has béen reviewed and approved.

GEORGE AMSOLT, _ _
Chief, Recovery & Crew Station Branch
Vehisie Equipment Division
AF Plight Dynamics Laboratory

i




-

T S EC

i AR s ot b o - R e e st e A i, BRGPIMENRY

AFFDL-TR-67-25

ABSTRACT

The Aerodynamic Deployable Decelerator Perfor::.ance-Evaiuation Program
(ADDPEP) aims to advance the state of the art by developing the most effec-
tive analytical and empirical techniques fur designic_ aerodynamic deployable
Jd. "elerators ard fr+ avaluating these engineering techniques through wind-
tunnel and free-tlight tests, During ADDPLD Fuase 1, two t7Des of decei-
erators were investigated: large reefed supersonic parachutes and ram-
inflated balloon-type BALLUTEs. The areas investigated included analytical
and engineering design, material capabilities, fabrication techriques, and
wind-tunnel and free-flight tests. In general, efforts were successful in
developing engineering techniques for the design of decelerators capable of
performing in severe environments. More specifically: (1) Free-flight tests
were performed on a hemisflo parachute having a nomirnal 16-fi-diameter
canopy, a 10-percent extended skirt, and a 14-percent porosity. This design
was tested for 200, 000-1b opening loads; deployment Mach numbers were
1.50, 1,63, and 1.84 at altitudes of 13,7( ), 15,500, and 10, 500 ft, respec~
tively. The r :sults confirmed that this | ~rachute has excellent aerodvnamic
characteristics and adequate strength. () Five-foot-diaineter BALLUTES,
both textile and metal, were fabricated. These were designed for a broad
spectrum of deployment conditions ranging from Mach 2.7 at 73, 0G0 ft to
Mach 10 at 225,000 ft. The textile BALLUTEs were wind-tunnel 2nd free-
flight tested; the metal BALLUTEs were wind-tunnel tested only. Flight tests
were limited to Mach 9.7, and wind-tunnel tests to Mach 3. The flight test
data supported wind-tunnei data, which indicated that excellent stability and
structurally adequate designs can be attained with five-foot-diameter BAL-
LUTEs. :

" (Reverse is blank)
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1. GENERAL
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#

#
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gravi t‘étic_r‘_xalr constant
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LIST OF SYMBOLS

area (sq ft) or reefing line length divided
by n (in.) .
. AW
velocity of sound (fps)
BALLUTE gore shaping factors

suspension line confluence factor

drag coefficient |

drag area (sq ft)

drag coefficient based on nominal surface
drag coefficient based on projected surface

external pressure coefficient

internal or inlet pressure coefficient

base diameter of payload {ft) or drag force
(1b)

construction diameter (in.)

inlet diameter (in.)

norainal diameter of canopy {{t or in.)
projected diameter of canopy ({t)
modulus of riser line (lb)

fabric pressure coefficient

peak load (ib)

reeimg line force {lb}

‘suspension line strength (it}

fabric stress (1b/in.)
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pps
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w
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szfety factor

ratio meridian pressure load-to-total
pressure load or parachute opening shock
factor

reefed inlet area coefficient

reefing line length coefficient (ft)
airload (1b)

suspension line length (ft)

Mach number (V/a)

number of gores or suspension lines
preesure across fabric (psf)

¢ritical pressure (psf}

-uénation pressure (puf)

static pressure psf)

puleses per second

quadrant clevation angle (deg)
dynamic pressure (psf)

geometrical radius (in. or {t)
construction radius {(in. ):
dragl.rear(iq ft)

canopy iurface area {sq ft)

'canop’y projecied -urface area (sq ft)
»u‘tati‘c temion in inlet hoop (1b)

‘r.;'diai-force’ per line (1b) or time (sec)

- seam -elﬁcieﬂcy factor

. bair wlocity {fps)

critical Ipccific volume (cu ft/lb)

" 'npwmc volume (cu fe/xb)j
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X/R, Y/R =
X, X =
X, Z =

p=
- .
- 2. THERMODYNAMIC

A=
-
A

*

d' or"Dd-'

. Taw.
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specific weight (pcf)

shock factor

BALLUTE coordinate shaping factors
components of parachute radial member (ft)
canopy gore shaping coordinates (in. )
distance between decelerator and payload (ft)
confluence half angle (deg)

number of canopy goﬁe‘g

geometric porosity (percent)

inlet reefing ratio or reefed inlet area/con-
structed inlet area 4

density (as defined in text)

goometrical area (8q ft)

throat area (aq ft)

characteristic velocxty {fpa)
friction coeff:ciant , ‘
apecific heat of vhataiial (Btﬁ,/ib-F)
ipeciﬁr heat of gas (Btn/lb-r)

: thront dhm.ur ()

maximum dumcur of d.cclcrator (ft)

'form factor .

’ "&otal onthalpy of stream (Btu/lb)
’ hut tunllcr coofﬁci‘ent (Btu/eq ft~hr-F)} '
» 3 r.larmo nthupy (Btu/lb) ‘

cutie ontimlpy at edge of decaler 2tor

»houndary inyn (B )

‘adiabatic wall onttulpy
. -erator. boundlry layer (Bsu/lb) R

at cdn of docel- .

a

T R S T T R T v P T

28

. . *
e T i et I M s i i trin e s iR cand




R e

. LIST OF SYMBOLS AFFDL-TR-67-25

h_ = surface heat transfer coefficient (Btu/sq ft-

€ br-F)
hcone = heat transfer coefficient on equivalent cone
h,, = cold wall enthalpy (Btu/1b)

h_ = static enthalpy at wall temperature (Btu/lb)

r
1]

tharmal conductivity (Btu/ft=hr-F)

<
"

Mach number at edge of decelerator boundary
layer

o o M_ = Mach number at edge of viscous wake

£
L]

free stream Mach number
Pr = Prandti number

total pressure (psf)

JU
"

static prénure {psf)

©
"

static pressure on decelerator (paf)

-
L]

static pressure on cone (psf)

]

p_ = ‘ambient fres-atream pressure .psf) »
é = cold v?a’ll heat flux rate (Btu/aq ft-sec)
’ 4, = wall hofu fluxA- tatc-(Btu/ l,q»ift#uéc)

"R = maximum radius of decelerator (ft)

" Re = Reynolds nhmbér ’

- R‘Q - ‘_momontnm Reynoldl nnmber . :

‘ﬂ. T o CEA Re = Reynolda number for dxounce taken from
B T ttig_bunofleadingbody '

- :»;n:g"-i‘-'ecm‘h‘ic‘l radius (ft)

A rldial coordinate of dace}autor
radlm of curvsture of nbbon nge (in )

: mum alos aec-hntor -urfaca taken
ﬁom lp.x {fe

. _- umporwuro (,5‘)
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= adiabatic wall temperature

= cold wali surface temperat\xre

g
3

-
[]

node tamperature

el
H

'previoua node temperature

surface temperature

t 3
"

"
]

effective temperature of space

‘
wd
f

e 4

= surface tiapesaiure {F ur R)

= local velocity at edge of decelerator
boundary layer

'V'm 2 frez_b-,stream velocity (fps)
x = distance alcng uurhce of ieading body (ft)
x = diomnn* taken Itcm apex of decelerator
x ' = dutancg from base of 4eadmg body .

Y = &ial 'diltan;e of decelératot {ft)

e

y = thickness (€)

2 = altitude (ft)

-’-,«thermal diifunivity {sq f:/hr)
- p;.a-_-hﬂf_ rone angle (deg)

' ?”_;rg-‘,t,&p of u}qciiic heats -

e c :'bemiloivity

a
B
Y
o . 6 . toﬁ! vall thicmu (i =
) T
] _-'momontum tmckmu
B

P :‘ii-ilvilcouity !lb-lec /iq ft)
o = tru-nrum vuco:it) FiL) *uc/sq ft)
Y e lufomco vimoity (u:-nc/-q N

S 'vlu:cm at od;& of ‘\ouuhry layu ST
B ~(w-uc uqm BTN
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viscosity at edge of boundary layer tem-
perature (lb-sec/sq ft)

material density (pcf)
free-stream density (slugs/cu ft)
reference density (slugs/cu ft)

density on decelerator at edge of boundary
layer temperature (slugs/cu ft)

density at eige of boundary layer (slugs/-
cu ft)

density at wall teimperature (slugs/cu ft)

denlity at edge of boundary layer tempera-
ture (slugs/ cu ft)

'viaco‘ity-denlity factor or Stefan-Boltsmann

constant

time (sec)
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SECTION 1
INTRODUCTION AND SUMMARY

BACKGROUND

As part of the United States Air Force's investigation into the problems
associated with the development of supersonic and hypersonic decelera-
tors, the Air Force Flight Dynamics Laboratory (AFFDL) has authorized
a three -phase applied research program known as ADDPEP (Aercdynamic
Deployable Decelerator Performance-Evaluation Program). "The overall
objective of “this program is to advance the state of the art by developing
the most effective analytical and empirical tschniques for (1) designing
aerodynamic doployable deceisrators and {2} evaluating these engineering
techniques through wind-tunnel and free-flight tests, Three types of de-

celerators are assigned for investigation. These decelerators and their
respective goals are:

1. Small supersonic parachute caaopy - The goal is to
establish the configuration, loadings, design, and
structural materials for attaining a stable perform=~
ance for flight speeds up to Mach 5 and for dynamic
prrssures to 50C psf,

2. Llarge reefed supersonic parachute canopy - The
goal is to establish the configuration, lcadings, de-
sign, and structural materials for attaining an ini~
tia! load of 200, 000 1b at supersonic speeds by ap-
proprimsly reefing the cancpy. The performance
range of intcrest extends from transonic speeds to
Mnch 3, with a dynamic pressure of 10,000 pni. _

3. | Ra.m -infhted balloon~-type de:e!srator known as a
"BALLUTE!} - The goal is to estabiish the configu-
ration, loadings, design, and structural materials

for flight speeds to Mach 10 and for dynamxc preo‘
sures to 500 paf, _

The ureas of invutigaﬁon fur theu thuo dccelerator types include ana-

“lytical and engineering dasign, material capabilities, fabricnion tech~

rdqun. and wind-tunr.al and (rn -ﬁight tuta.

ADDPEP PHASE I

Goodyur A.wapnco cnndnctod ADDPEP Phue 1 umhr Contuct AF33(65 l)- »

10953, . Analytical snd empirica! tochniques wére used to design and build

the three types of decslarators and to evaluats them through wind -tunnel

:  and free=flight tesis un the basis of the aforementioned goale. Moraeover,

- to provide a free-flight basis for evaluating the analytical arnd empirical

:- . technigues, it was nscesssry to design, develop, build, and evaluate two

IR ,typu of un nhiclu tlut were &dapud to be launched by combinations of
. “:imgl’ qudyonr Mro.puc Gorpouuon. Akrem. Ohinz;

e v et o, T e, o i
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SECTION I - INTRODUCTION AND SUMMARY AFFDL-TR-67-25

existing boosters. This work has been documented in Technical Report
AFFDL TR-65-27 (Reference 1).

ADDPEP PHASE 11

Goodyear Aerospace has conducted ADDPEF Phase II under Contract
AF33(015)-1513. Essentiaily, Phase II has consisted of a continued evalu-
ation of the design techniques for two decelerator types: (1) large reefed
supersonic parachute ¢ 1d (2) BALLUTE, Ths areas investigaisd for thease
deceleratar typ~s have included analytical and engineering design, material
capabilities, fabrication techniques, and wind-tunnel and free-flighttests.
The laboratory teats were conducted at Goodyear Aerospace, Akron, Ohic;
and the free-flight tests, at Eglin Air Force Base, Fla., Holloman Air
Force Base, 'M.M., and White Sands Missile Range, N.M. Ir addition,
Goodyear Aerospace provided a consultant for wind-tunnei tests conducted
by AFFDL perscnnel at Arnold Engineering Development Center, Tenn.

This report details the work conducted during ADDPEF Phase II. Sec-
tion II, dealing with the free-tlight test capability for the decelerator types
congidered, describes work in modifying and evaluating the two types of
test vahicle/boonter systems that were developed previously as part of
Phase I. Section 11l deals with the evaluation of the large parachute (LP)
design techniques. Sections IV and V deal, respectively, with the evalu-
ation of the textile-cloth and metal-cloth BALLUTE (TB and MB) design
techniques that were considered during Phase II qection V1 presents
overall Phaee II coaclusions. ' T :

Each section of this report concludes with a sumni‘ééiy' and a statement of
conclusions. Table I summarizes the characteristice of the LP, TB, and
MB dacalerator designs, as well as the tests t*haz were conducted.

' I-‘or the largc parachute daceleutors. tests were p:ar‘ormad cn a hemu-

flo parachute design having a nominal 16-ft~diameter canopy; &10-percent
extended skirt, and a l4-percent porosity. This design was tested for

200, 000+~lb opening loads; deployment Mach numbers were 1. 50, 1.62, :
and 1,84 at altitudes of 13,700, 15, 520, and 10, 580 ft; rupectivelv. The

' behavior during the tests confirmed thet this prmchu:c ‘hag excellent |
- ‘agrodynamic characteristics and adequate strength, -
- ;mll bu ﬁsplovcé at increasmg Mach m;mben during

_ DP”? Phue .

B !‘zt tl'u- textiie and mctdl BALLUTE decolonw“r;“, ‘the c!eaigm were m&de
- for a broad spectrum of deployment conditions ranging from Mach 2.7 at
~ . 73,000 it to MMach 10 at 225,000 ft. Five-foot-diameser BALLUTEs wers
- fabricated from both coated textile and metal cloths.” Fahrication-tech-
. niques for the textile designs were eva.ated by wvind-tunnsl and/or fres-
* flight tests. Ths metal cloth designs were evaluated only by wind-tunnel

tests. Flight tests weare itmited to Mach 9.7, and wmd*tunnei tests to

¢ ‘Mach 3. The wind tunnsl tests indicated that oxcellent stabiiity and struc-
- turally adequate designe caz he attained with five~foot-diameter units .
- within the limits of the testing capabllity. In geversl, the fru-ﬁixhz data
- support.d thess findings. However, the flight test data at the highast
S Miaen mxmhr (9. ?) ware too nmitcd fer ant and :ubxmy cor-xpari mm. ‘

€ ‘samie parachute. ’
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l ﬁesign test point data ' }
To@l
Dynamic | temperature
Decelerator | Principal Test Mach | Altitude | pressure of air
type material Coating method no. (l()3 ft) (psf) (F)
Large para-
chute (LPP) Vehicle A
LP-1 Nylon Hone Airdrop 1.20 14. 4 1240 170
LP-2 Nylen None Airdrop 1.20 14.4 1240 170
LP-2 Nylon None N-N 1. 60 17.0 2600 233
LP-3 Nomex None N-N 1.48 13.9 1900 214
LP-4 Nomex None N-N 1. 64 i2.4 2600 268
LP-5 Nomex | None N-N 1.80 ; 10.8 3300 331
Textile ‘
BALLUTE
(TH) Vehicle C
TB~1 - Nylon Necprene HJ-N 2.47 £5.0 195 400
TB-14 Nylon Neoprene HJ-N 2. 40 84.0 200 440
TH-1B Nylon Poivurethane] HJI-N 2.78 71.0 484 513
CUR 7iA _
TB-2 Noraex | Silastic 131 HI-N-N 3.80 | 104.0 | 197 1,134 §
TB-3 | Nomex | Silastic 131 HJ-N-N | 3.70 1 98.0 250 1,008
 TB-4 Nomex | Dynatherm XM-33/2XM- 1 9.95 | 200.0 29 8,627
] ©Ipess 10-L . .
TB-5 | Nomex |Dynatherm HJ-L-L 6.70'| 131.0 200 4,03C
S ' D-6S5 . ’ - - ‘
. TB-€ Nomex |Dyriatherm | HI-N-L 5.66 | 122.0 198 2,184 ) .
Metal '
BALLUTE .
(MB) o ‘ :
‘MB-1 | 304stain-{ CS+10% HJ-N-L 5.70 | i20.0 | 220 2,794
| less steel : ' ,
'MB-Zz | Rene'41 | Cs-105 HJ-L-L | 7.00 | 130.0 215 4,380
MB-3 | Rend 41 | CS-105 XM-3372XM- | 11,00 | 220.0 1 18 10, 040
o L R 19-L - » ’

. .Bab.iqx dciinitioxi;: N = Nﬂii; HY = Hon‘e't;t John; L= Llac’e.

dﬁn.li{
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SECTION I - INTRODUCTION AND SUMMARY
OF DECELERATOR DESIGNS AND TESTS .
e e e ey T T o S L S e R T T e
t point data
- Total | : Canopy
Dvnarmric | temperature Snurface Icad | Drag
ide | prezsure of air \ area Porosiiy {factor | area
ft} (psf) 1) 7 Remarks (sq ft) | {percent) (g) {sq ft)
4 1240 170 Not tested 201.1 29 62.401100.0
4 1240 17C Promature release 201.1 15 62.40 {100.0
) 2600 233 Vehicle zheckout 291.1 15 62.40 }100.90
9 19C0 211 201.1 i4 100.00 | 100.0
4 | 2900 263 | |Good test, obtained 201.1 14 1100.90 | 100.0
; required data
R 3300 331 201, 1 14 160.00 | 100.0
)] 195 44 Not deployed, Phase I 86.5 | Negligiblei 9.70{ 19.6
effort
) 200 440 8o.5 |Negligible] 9.90| 19.6
) 484 513 Good test, obtained 86.5 |Negligiblel 23.80| 19.6
required data
) 197 i, l34j 86.5 |Negligible] 6.80 | 13.7
) 250 1,088 86.5 |Negligiblel 8.50| 13.5
) 20 8,027 Geoud iest, obtained 86.5 |Negligible| 0.681 13.5
lisvited date
) 200 4,030 86.5 |Negligible{ 6.80 13.5
Available for test
) 198 2,784 86,5 |[Negligiblef 6.75| 13.5
220 2,794 ‘uccessfully tested in PWT| £6.5 |Negligible] 2.40 ] 13.5
at AEDC, q = 120 at M = '
2.8, using alcohol/water
partizl inflation technique ;
215 %, 380 | | Substitution of Nomex 86.5 |Negligible] 7.80] 13.5
tnits precluded fabri- .
15 10, 0490 cation and test of Rene 86.5 | Negligible] 0.34} 13.5
units ) .

(Reverse3ia blank)

i e
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SECTION I
FREE-FLIGHT TEST CAPARLLITY

TEST VEHICLE A/BQOSTER SYSTEM
General

A basic goal of ADDPEP Phase II (Aerodynamnic Deployable Decelerator
Performance-Evaluation Program) was to continue advancing the siate of
the art of large supersonic parachute design methods at high dynamic
pressures, Parachutes with 16-ft diameaters {Dg) were subjected to a Mach-
1.8 regime; ultimate cbjectives approached Mach 3 at low altitudes- The
requirements for subjecting the large parachutes to the Phare II test re-
gime were adequately fulfiiled by Test Vzhicle A, launched by a Nike-
Nike (N-N) booster combination to Mach 1.8.

Desigr. and Configuration

For the ADDPEP Phase ITI requirements, the overall configuration and
design of Test Vehicle A remained basically the same - the design es-
tahlished for Phase I (Reference 1). A photograph of Test Vehicle A ana
the general configuration are shown in Figure 1,

Vehicle Integrity Tests

Stat.c tests were were ccnducted on the first A v,eﬁic.le (Réference 2). Ex-
cept for 2n actval test decelera.or, the vehicle was complete. Tne en-
tire sequence of operations normazlly accomplished in flight was demon-

~#trated successiully. Criteria for quality of the static test were based

on vehicular instrumentation data, extern=2i shock data, and photographic
results, "

"Vibration tests were conduct:d on anocther /. vehicie to ascertain the re-

liability of the event programming systern 1n a vibratory environment
similar to that expected in free-flight. The vehicle was subjected to vi-
bration; the forcing input was aleng ite longitudinal axis. Simulated elec-
troexplosive devices were wired to the event programming system:. Dur-
ing vibration, the vehicle timers were cycled, resulting in the detonation,
in sequence, of the simulated electroexplosive devices to evaluate the
flight event signal generating systern. Telemetering instrumentation was
functional for the monitcring of test and recovery tin.ing seguences.

The performance of Test Vehicle A and its structural integzity were ac-
ceptable, ‘

" Free-Flight Performance

- system performance.

N

Teble I summarizes the Taat Vehicle A perfbrx’n@n‘ce_ a8 a test point de-
ployment control for large parachuts {1.P) i«sts with the boosters wtilized.
Table IlIsummarizes the Test Vehicle A data acquisition (instrumentation)

SRS p——e s oY
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TABLE @I - PERFORMANCE-DEPLOYMENT CONDITIONS FOR

TEST VEHICLE A

AFFDL-TR-67-25

) Dynamic
ou* Altitude (1t) Mach no. pressure {psf)
Test | {deg)! Boosters| Calculated| Actual | Calculated! Actual] Caiculated|Actual
Lp-1f + B-52 14, 400 + 1.2 + 1240 +
airdrop
LP-2{ 0 | B.52° 14, 400 * 1.2 * 1240 ¥
: . airdrop
. LP-3; 40 ;| N-N 13,900 |13,660 1.48 1.50 - 1900 1988
LP-4] 4¢ N-N 12,400 [15,539 1.64 1.63 2600 2118
LP-.51 40 N-N 1¢,80C¢ (10,538 1.80 1.34 3300 3383

x
Quadrant elevation angle

+Nt}t tesied

*Fremat\ire reiease, data not useful

TABLE III - INSTRUMENTATION PERFORMANCE FOR

TEST VEHICLE A

Telemetry instrumentation

Camera operation

. -17)‘\;- pps | Static| Diff : :
Test | monitor | press | press PAM®*| Accel | Drag| Shock | (500 fps)| (100 fps)
we-i| 1t o 1 1 I I U S T S S A
Lp-2| 2 2 2 2 2| 2 2 2 2
LP-3! 3 3 | 3| 3 3 | 4 4 3 4
- LP-4| 3 s | 3 | 3 3 | 3| 3 3 3
"LP-5] 3 3 3 3 3 3 3 3 3

iPulae-amplimde modulation

*Notel: '
1. Not tested
2. Data not useful or not obtained during test period
3. Satisfactory data obtained for test period
4, Data obtained for only portion of test period
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General

~ at speeds to Mach 10, altitudes to 225, 000 ft, and dynamic pressures to

TEST VEHICLE C/BOOSTER SYSTEM

Required under ADDPEP Phase Il was a series of BALLUTE deployments

500 psf. The testing of BALLUTEs was accomplished utilizing capability
C test vehicles launched by Honest John-Nike (HJ-N), Honest John-Nike-
Nike (HJ-N-N), Honest John-Nike-Lance (HJ-N-L), and XM-33/2XM-19-
Lance boester combinations,

Design and Configuration

From the standpoint of decelerator data acquigition, the Test Vehicle C

For ADDPEP Phase I requirements, the overall design and configuration
of Test Vehicle C remainred basically the same as Test Vehicle B/C es-
tablished for Phase I (Reference 1). However, the Test Vehicle C de-
sign was modified, to enhance vehicle performance, decelerator data ac-
quisition, and vehicle refurbishment. A photograph of Test Vehicle C
and the general configuration are shown in Figure 2.

Vehicle performance design changes included addition of an auxiliary
flotation BALLUTE, increase in pyrotechnic sequence voltage, addition
of provisions for use of retrorockets when required for high altitude
booster separation, incorporation of a larger container for testing of
morsz bulky test items, and flotation system improvements (References
4-3).

telemetering systemn was modified to permit use of more BALLUTE tem-
perature thermocouples, and provisions were incorporated to current
limit the chock, drag, and BALLUTE pressure sensor eiectncal circuits
(References 6, 9, i0). . ,

To decrease the complexity of brefurbiahment and to decrease refurbish-
ment time, pyroterhmc switches were installed on plug-in boards, and

_ provinonn were incorporated to permit external monitoring and clurg-

ing of the nctation reservoir (Referem:eo 5, 6).

' : Frem!‘ug Performauv

'_ 'I‘able v lummaruu tha Teat Vehicle C.‘ performmce asa tut point da-' IR |
" ployment control for BALLUTE testing with the boostcrs utilized, Both = -~ ¥

textile-coated and metal coated BALLUTESs are considered (TB and MB).
- ';'I‘ahle V summarizes the Test Vehicle C data acguisition (instrumentation)

’ ". syatem performanc e, Prcdictod md domonatnted cnpgbimiet are preoented. |

,j .cnouwn suppowr

‘ ﬂGenornl

- A.’DDPEP tho n fne-mght t“t nupvort wu required m two tnt u-cu -
' »’.(n licud on pgo 13)3 o .
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AFFDL-TR-67-25

TABLE IV - PERFORMANCE-DEPLOYMENT CONDITIONS FOR

TEST VEHICLE C

fr : Altitude Dy~amic presoure

: Qr* {9 Mach no. {pef)

- _Test | {deg)| Boosters |Calculated| Actual | Calculated| Actual] Calcuinted| Actual

_7B-1*| &3 |mI-N 85,000 | 86, 950! 2.47 |2.42 | 95 |i172.0

TB-IA| 83 | HI-N 80,000 | 85,000 2.5 |2.40] 255 [zero
tp-18| 8. |HI-N 73,000 | 74,700 2.1 |27 ] a5  |360.0
TB-2 | 87 ' WI-N-N | 104,000 | 96,000 3.8 .25 | 197 |z45.0
TB-3 | 84 | HI-N-N | 94,200 | 98,500 3.62 |4.00 | 2s0 |279.0
T8¢ | 10 | xM-33-18[ 210,000 {226,700] .9:95 | 9.70 20 9.4
e-s* | b [HI-L-L 31,000 | ... 5.7 200
TB-6* | 88 | HI-N-L | 122,000 | ... 5.66 | .. 198 )
Mp-1¥| 85 {ms-N-L | 120,000 | . 5.7 . 220 .
Mp-2¥| 88 [Hi-L-L | t30.000 | ... 2.0 [...]| 15 .

MB-3¥| 70 | XM-33-1 | 220,000 | .. 11.0 15 .
%muc ‘elevation an‘lc
m ct dcmt -ivm

AProjecd fighes

'm-u/zxu-n L

TABLE V INSTRUMENTA I‘ION PERFORMANCE FOR TEST VEHICLE C

Teiematzy instrumentation

-

MLLU‘I'E

press

Savic |

Dits
prees.

Accal

Camera
cper-
. ation
{200 and
700 fpe)

. press,

e e e
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gk
SECTION C-C . /
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1. Large parachute (LP) free-flight teatr and data re-
ductions were accomplished at Holioman Air Force
_ Base, N.M., and White Sands Missile Range, N. M.
The first teat was a missile qualification air drop
conducted at White Sands. The B-52 aircraft for
conducting the drop operated from Kirtland Air
Force Base, N. M.,

‘2. BALLUTE free-flight tests and data reductions
were accomplished a2t Eglin Air Force Base, Fla.

}"ield Cperations

Field tes: operations followed the pattern shown in Figure 3. During the
free-flight tests, the Goodyear Aerospace field test crew assumed re-
sponsibility for the test and checkout of all vehicle systems, as well as

for vehicle refurbishment. The range agency, Holloman or Eglin AFE,

assumed responsibility for storage, use, and check out of the tocrter
vehicie; range sufety; radar tracking; ground acquisiticn of the telemectered
and photometric test data; and data reduchon of vehicle flight and test
decelerator deployment data.

&

L Fie Personncl

-The ficld-teot crew consisted of three cngmeero aad two technicians. In

addition, a pymtechnica engineer was assigned pert time. Buically the
rupmxbﬁitiet were &8 limd on p;ge 14: '

PACTORY .
SngcRouT

LD rrasarony] o aniaoe | fsveren 1
LABGRATORY TESY bl 70 L AUNCH ) voomu CRECYOUY o
| anp ewrenou AREA JAwo Lauwent}

FTTTTT T Jeamenuiee)
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1. Project engineer - program management

¢. Instrumentation engineer - onboard data acquisition

3. Development engineer - vehicle systems and as-
sembly ‘

4. Electronics technician - assistance for instrumen-~
tation

5. Elecirica! tecanician ~ assistance for vehicle as-
sembly

6. Pyrotechnics engineer - loading and assembly for

explosive devices {accomplished on a periodic
visit basis)

4. SUMMARY AND CONCLUSIONS -

* The evaluation of the test vehicis systems is summarized as follows:

Test Vvehicle A/Bouster - The test results indicated

1.

‘ that vehicle performance can be nredicted with con-
fidence and that the data system is adequate. Re-
covery and.reusability met design goals.

2.  Test Vehicle C/b'ooatéf-.-r- Tha test results indicated

that vehicle performance can be predicted with con-
fidence. The data transmittal range was excellent.
Beacon dropout cccurred on some occasions. When
recovered, the vehicle met design geals for reus
abiiity. , -

-
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SECTION III
LARGE PARACHUTE DECELERATCR

GENERAL

History

The zoal of the large supersonic parachute effort under ADDPEP (Aero-
dypamic Deployable Decelerator Performance-Evalnation Program) is to
establish the parachute configuration, lcadings, design, and structural
maeterials for attaining an initial load of 200, 000 lb .at supersonic speeds
and low altitudes. The performance range tu be investigated extends from
transonic speedu to Mach 3, with a dynamic pressure (q) of 10, 000 psi.

The work on a large cuperaonic high-q parac’ ‘e decelerator was initiated
Juring ADDPEP Phase I and continued during Phase 1II. This large para-
chute (LP) effort has been concentrated on two basic design types:

1. Conical
2. Hemisflo

T'wo conical parachute teet items, LP-1 and LP-2, were designed ard
fabricated during ADDPEP Phase I. Three hemieflo parachute test items,
LP-3, LP-4, and LP-5, were designed and fabricated during ADDPEP
Phase II. The final canopy nze chosen was a 16-ft nominal diameter,
D_.

o

The desiga and faB:ication oi LP<1 and LP<2 are detailed in Section V of
the ADDPEP Phase I technical report (Reference 1, AFFDL-TR<65-27).

The test resuits for LP-2 {2C~deg conical ribbo:i) are included in this

Phase 11 report. Since LP-1 was delivered to AFFDL-RTD for drop=

‘testing to prove the parachute opemug chancterutic:. no test dats for
_L.P-l ara in thu nport. o

gt nt' ’o'

; ’;Tho condiuonn for towt: poinu of LP-2 thruugh LP5 wers uubhshcd by
trajectery: analysis and concurrence by AFFDL-RTD. The desired de-

pisyment values to be achisveé by Test Vchicla A and boonter combxmtiom

» tn«. 'hm in ’1¢bla VI

An ﬂready mdicam, the mu for duign. the fabricatxon dam:xa. and a

_phylu:al description of large parachute test itemn LP+2 ars given in Ref-

ersncs 1. With respect to LP=3, LP-4, and LP-5, pudblished data from.
wind tunnel teats (References il, 12, 13), as wall as the results of

CAFYTNLRTD programs, were reviewaod, anaiysed, ard used as a basis
for ulccﬂng th2 parachute type and porosity for a family of reefing di~

b amaetsrs. Furthor analysis of small- and large-modsl tests indicated

‘ﬂmtho poraﬂty wmt bc ndncod for tnfed (homicﬁo or conical)




P St

AR W
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TABLE VI - DESIRED TEST POINTS OF HIGH-Q PARACHUTE

Initial conditions

Flight path

Design Mach | Altitude( Dynamic angle (deg ; Reynolds | Booster
configuration | no. (£t) press (psf) ! from horis) ne. comb
LP-2, ilt 1 | 1.20 | 14,400 1240 -70.0 5,70 *
LP-2, flt2 | 1.60 | 17,000 2600 18.0 7.00 N-N*
LP-3 1.48 | 13,900 1900 14.2 7. 16 N-N*
LP-4 1.64 | 12,400 2600 18.0 3.20 N-NT
LP-5 { 1.80 | 10,800 3300 20.3 9. 45 N-N*

®
B-52 airdrop

Foaysn . . .
Nike-Nike booster combination

parachutes at supersonic Mach numbers. The wind-tunnel tests also in-
dicated that an improvement in inflation stability was obtained by using
midgore reefing that doubled the restrairning points for the skirt hand.
The steady-state data from References 1l and 12 are shown in Figure 4.
The CpA (constant drag area) values for 200, 000 Ib at sea level are pre-
sented a: a solid line for reference.

More recent wind-tunnel test results are presented in Reference 13. For
these tests, the reefing ratio ({) was varied at four different Mach num-
bers (reefing ratio defined as ratio between reefed canopy inlet area and
fully inflated inl *t area). The parachute dispiaying the best performance
war a 14. 14-percent total porosity and i0-percent extenced skirt hemis-~
flo, with 2 D, lines. The wind-tunnel test results are shown in Figure 5.

Based on those data and test observations, a hemisflo type was chosen
over the conical parachute design for continued decelerator investigation
under ADDPEP Phase Il. The 16-ft D, size was' selected to investigaie
reefing necessary throughout the test spec.rum, to dachieve the desired
peak opening load of 20¢, 000 lb, and to permit storage of the parachute
within the test vehicle.

The hemisflo general dimensions are shown in Figure 6, and the configu~
ration details are summarized as follows (list -ontinued on page 18);

1. Nominal diameter of canopy: D_ = 16 ft

2, Shape: hemisflo ribbon with 10=percent extended
skirt

3. Number of gores: 32

4. Porosity: l4-percent nominal evenly distributed

15
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EQUIVALENT TO A 16-FT7 D

PARACHYTE BASEL CH TESTSOF SMALL AND LLARGE MQDELS

(-}
- 0.
TYPE LINE 4 REEFING 2ORGSITY
) LENGTH i) (PERCENT) [FERCENTI REFERLKCE
O HEMSFLO 20, 1.3 207 13 ki
0 coemicac. 2 0y 19.3 207 12 t
&) HEMISFLO 204, 13.2 2%.3 14 A
D CONICAL 2 D, 120.0 18.¢ is 12
[\ comcac 20, 120.0 8.0 1e 12
0 semisrLo 10y 120.0 0.0 15 12
140
CONSTANT
DRAG = 200,000 LB AT SEA LEVEL
»
120 h
100

DRAG AREA, Coa ISQUARE FEET)

]

MACH NUMBER
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2

e
S

CONFIGURATION X OF REFIRENCE 13

b
-

2
-

DRAG COEFFICINET S8~BED ON NOMINAL SURFACE, C
[-4
~N

CANOPY INLET REEKING AAT!D, & -
MAXINUM INLET AREA

REGFUED INLET AREA )

Figure 5 - Nominal Drag Coefficient versus Inlet
Reefing Rati» {Wind-Tunnel Testing)
5. Suspension iine length {effective) LS = 2 Do it

6. Attacnment: 8 points, l-in. diameter by 2-5/8 in.
wide, pin clearance

7. Weight: 130 1b

'EXPLORATORY FREE-FLIGHT TESTS

Conical '.arge Paraciute Li’-2

Cunica' parachute LP-2 was subjected to two fres=flight tests. In the
first wesi;, the LP-1 unit was air-dropped onboard Test Vehicle A. The
desired deployment test points are noted earlier in Table VI (page 16).

-~ Vest Vehicie A was released from a B-52 aircraft at a 49, 4i5-ft altitude
and was very stable during free-fall to 17,200 ft (mean sea level). At

17,200 ft, premature baroswitch actuation caused separation of the for-
ward tes! item container and preventad depioyment of LP-2. A complete
case history of the LP~2 drop tesi is given in Reference 14.

The purposes of the second LF-2 free~flight test was to test (1) the Vehicie
A launciier capability for operational support of the vehicle with its boost~
ers, and (2) the parachute deployment capability of Test Vehicle A {(Ref-

‘erence 15}. The desirea deployment test points are noted in Table VI.
. Telernetry instrumentation was not used. The ground launch of Test

i8
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(2)

i (3)

. Vehicle A by a Hike~-Nike (N-N) booster combination was catisfactory;
based on data obtained from White Sands Missile Rangec {(WSMR, Refer-
ence 16), the LP-2 deployment was close to the desired test points. As
a result of this free<flight test, the Test Vehicle A and booster cornbina-
tiocn operation was considered satisfactory for fully configured boosted
flight. ‘

Hemisflo Large Parachutes LP-3, LP-4, LP-5

General

Free-flight tests were conducted on hemisfle parachutes LP-3, LP~4,

and LP-5. In each flight, the test item was deployed by Test Vehicle A,
which was air-launched by a Nike~Nike {N-N) booster combination. Data
obtained from the flights showed that the 16-ft D, hemisflo parachute per-
formed well in the reefed conditions to Mach 1.8, the limit of testing.
Pasrachute behavior in the tests confirmed wind -tunnel results.

Table VII summarizes the test point conditions achieved for the LP-~3,

LP-4, -and LP-5 testz: the conditions at the time of test~item container
separation, iritial full~line stretch, and maximum load are presented.

The inflation time for LP canopiee is presented in Table VIii.

LP-3 Free~Flight Summary

The LP=3 hemisflo test parachute was deployed near a calculated test

loading dynamic pressure, q, of 1900 psf. The reefing line was 20 ft

6 in. long after sewing and consisted of two webs rated at 6000 1b tacked
_together. The test parachute was extracted and deployed by a 4-ft Dy

hemisflo pilot parachute positioned 69 ~in. aft oi the test item deployment

bag.

Prcmature disreefing occurred approximately one-ienth of a second after
inflation to the reefed shape due to reefing line failure. Maximum infla-
tion g's were apprcximatziy 100 for the reefed shape and 8C for the dis-
reefed shape. Supersonic and subsonic stability were excellent. The test
item was recovered undamaged.

Figure 7A shows the performance curves of LP-3, beginning at test item
container separation and continuing for three seconds, the period of most
significant change. A performance summary is given in Table VII. Data
for the performance curves were obtained from WSMR data reduction re-~
ports (References 17, 18) or the test vehicle telemetry signal plots.

Figure 7B shows the LP~3 inlet area variation with respect to time on a
aselective scale. Data for the inlet area plot were generated from the on-
board motion picture coverage.

LP-4 Free-Flight Summary

The LP-4 hemisflo parachute was tested near the calculated test loading
g of 2600 psf. The reefing line was 14 ft 10 in. long after sewing and con=
sisted of a 6000- and a 12, 000-1b web sewn together. Extraction and de-~

ployment of LP-4 were accomplished by a 4-{t D_ hemis{lo pilot parachute

2n
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TABLE VII - SUMMARY OF LARGE PARACHUTE TEST CONDITIONS

-

‘i‘elt Range time - Load Cond‘i'tions
Ztem Event {hr: min: sec) (103 Ib)}{ Mach no.| q (pﬁf)] Alt (ft)
LP=-3| Test item container | 16: 10: 28.64( . . . 1.502 1988 }13, 660
separation
Initial line stretch 16: 10: 28.97 50.0 1.341 1590 }13,770
Maximum load 16: 10: 29.101} 154.5 1.24 1350 13,815
LP-4| Test item contaicer | 23: 15: 13.75 . 1.631 | 2118 |15,539
separation
Initial line stretch |23: 15: 14.12 30.0 1.531 1920 |15,842
Maximum load 23: 15; 14.28| 108.85 1.40 1642 {15,934
1LP~5]|Test item container | 17: 00: 10.30}| .. . 1.837 3383 10,538
separation
Initial line stretch 17: 00: 10.61 40.0 1. 725 2950 {19, 710
Maximum load 17: 00: 10.81 1| 152.% ‘ 1.560 2410 i10.948
*Dynamic pressure
TABLE VIII <« INFLATION TIM4E OF
LARGE PARACHUTE CANOPIES
* Inflation
«1 a timet
Configuration | Mach no. (psf) I (sec)
LP-3 134 | 1590) 0.13
LP-4 1.53 1920 | 0.16
LP-5 1,425 2950 o0.20

* . A L
Dynamic preasure at iine gtretch

*Time from line stretch ta maximum load

- permanantly reefed to an in’l_‘ei diameter of 2 ft, positioned 120 in. aft of
the test item doployment bag; at the end of a 2-sec programmed delay

‘period, the reafing line was severed cleanly by the 2 cutters.

Maximum

inflation g's were approxmutaly 61 for the reefed shape and 9 for the dis~-
" reafed shape. . v , , .

Tha pguchuto was recove rcd with the canopy in an undamaged condztion.

| : howowr. three tutpomicn linu were broken one to four feet !rom the

-
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canopy, and one of the same broken lines was broken four feet from the
test vehicle. Onboard motion picture films indicated that the deployment
followad the planned sequence. Further examination of the tilm footage
indicated a much higher than planned missile spin velocity at a deployment
cf approximately four to six revolutions per second. The spin velocity
resulted in a 1. 5-turn twist in the suspension lines 4 to 6 ft from the test
vehicle. This same region of the lines had one of the broken suspension
lines welded tc another line. The parachute despun the missile in 1-1/2
revolutions and damped the spin oscillations to low vaiues prior to dis-
reef. The effect of the twist was determined to be limited, as the lines
were approximately 30 ft long, and the twist was 24 to 26 ft from the skirt.
The diameter of the twist was also limited by the diameter of the suspen-
sion line attachment ring. The approximate geometry is presented in the
following sketch:

| o | e
. * n._l [ —————

0 ry

Figure 8A shows the performance curves of LP-4, beginning at test item
container separation and continuing for three seconds. A performance
summary is given in Table VII. Data for the performance curves were
obtained from WSMR data reduction reports (References 19, 20) or the
telemetry signal plot (Reference 9).

"~ Figure 8B shows the LP-4 inlet area variation with respect to time on a

W

selective time scale. Data from the onboard motion picture footage were

used as a basis for the inlet area plot

LP-5 Frce -thht Summary

The LP-5 hemisflo test puachute wu deployed very near the calculated
iast loading q of 3300 psf. The cmopy exhibited good inflation and sta-

o bility. The reeiing line was 14 ft 10 in. long after sewing and consisted

of a 6000~ and 12, 000~1b web sewn togeither. The test parachute was <x~

~ tracted and deployad by a 4-ft Dy hemisflo pilot parachute permanently -

“ reefed to an inlet diameter of 15 in. This inlet diameter was five inches

“less than the pilot parachute inlet diameter used for deploying FP-4. The
“stkller diameter was chosen tc reduce the deployment rate. The pilot

. chuis inlst was located 120 in. aft of the test itewn deployment bag. The

reeling line cutters wers not initiated because the lanyards failed and did.

'not pull out the firing pin mechaniomas; &s a resnit, disreefing did not take

- phcm 3 Mmmum inﬂuion g'u were approxxma.ely 85 for the reefed shape.

Aam p;nchnte wae -acovend with the canopy in ganeul und - naged either

_ by loadings or heating. Detail examination revealed several verticals
- warp damaged or broken at or near their attachinent to the inlet webbing.

'nppronimauly S (rom thc test vchich Bxaminanon of the onboard

Suspession line aumbers 8, 29, and 32 were broken 5, 6, and 7 it, re-
spectively, fron: the skirt. . Lines 8/9 and 28/32 wer: fused into pairs

23
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motion picture film footage indicated that test item LP<=5 had spun ina
manner similar to LP-4, with resultant twisting of the lines.

It was determinec that the test vehicle introduced the spin torque to pro-
duce the line twist. The remedy was relocation of the outhoard camera
{deacribed in Appendix C of Reference 9).

Figure 9A shows the performarnce curves of LP-5, beginning at test item
container separation and continuing for three seconds. Data for the per-
formance curves were obtained from WSMR reduction repcrts (References
21, 22) or the test vehicle telemetering signal plots (Reference 4).

Figure 9B shows the LP-5 inlet area variation with respect to time. Data
from the onboard motion picture footage were used as a basis for the in~
let area plot.

AERODYNAMIC ANALYSIS
General

Since the configuration and dimensions for the iarge high~q parachutes
were established by previous AFFDL-RTD wind-tunnel tests (References
11, 12, 13), the principle aerodynamic task for ADDPEP Phase Il was to
determine the reefing line length necessary to keep the parschute peak
opening load near 200, 000 1b for each deployment. Three approachec to
solving the reefing problem were investigated; these were based on wird~
tunnel tests, free-flight tests, and analytical methods.

Reefing Based on W'ind~Tg_xlr_xtel Tests

The AFFDL-RTD wind~tunrel results in References 11, 12, and 13 in-
clude deployment load values for the large-model parachutes (10-ft Dy)
and steady-state valuea for both the large- and smaii-modcl parachutes
(13- and 19.3-in. D,). The opening shock vzlues are higher in th: wind

tunnel than in free flight, as would be expected. The wind-tunnel steady=~

state drag coefficient values for the large znd emall parachute models

-vary more than would be anticipated, based ¢n the design diifeser:»s be-

tween the models {see Figure 4).

Figure 10 compares the wini -tunnel modal data with the ﬂight data ex~
cluding the opening shock period. This figure was made by adding fiight -
values for nominal surfacz drag coefficient varsus rsefing ratio to the
data given earlier in Figure 5. It i{s apparent that the drag coefficient
values for flight test : re above those for srnall~scale wind-tunnel models
at the same reei:z caiio (Reference 13). Based on the comparison of |
small-scale wind-tunnel data and ths free-flight data, it appears that the
correlation is not sufficiently accurate for direct use of amall -scale data.

‘Insufficient large-scale, directiy applicable wind-tunnel data are available

for establishing reefing-lin« lengths with confidence.

. Reefing Based on Fres -Fligm Datg

Free-flight data from one a8t can be used to calculate or predic: reefing
© requirements for other test coaditions. Hence, in Phase 1I, eiach tast
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Figure 10 - Comparison of Small-Scale and Free-Flight Data

aided in predicting the reefing requirements for the next tgst. Three
tests of the heavy~duty hemisflo parachures were made from Mach 1.5
through 1. 84, with accompanying daployment «lynamih pressures rrom
1988 to 3383 paf. Table VH {shown earlier) summarizes the tes! condi-~
nnna.

Figure 11A shows the Mach numbar values versus tirne Cover=d by the
LP-3, LP-4, and LP-~5 large parachute tests for a selective time period.
{time starts at container separation and continues for three secands this
figure illustrates the practice of extending the envelope of der*s,nstrated
.parachute-operating capability in regular increnents. Figura L1B pre:
sents the correspendmg range of dynamic pressureas versus time.

Figural 12 and 13 show the resulting load :raa:-a? ed-by the strain link
and load/dynamic pressure versus timeg foi parac hutez LP<3, LP-4, and

- LP+%. in each instance, the first small pidk aiter approximately 0.3 sec
is produced by linz stretch. The large twin peaks o{ the LP~-3 correapend
to the opening loads reefed and disreeied. . The disreefed load of LP-4
occur® withir three scconds. Comparison of these curves demonstrate
that the reefing line is an uffective means of centrolling the peak loads.
The reafmg line circumferences, measured under 40+1b tension, are
27.5, 14.83, and i4.23 {t., respectively, for LP~3, LP-4, and LP-5.
The measured load dynamic pressure divided by Mach number iz shown

~ in Figure 14. The initial small peaks are pruoduced by line ~stretch loads.
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Table I1X gives the dimensional and loadirg paramerters; the loading
parameters are based on conditicna at maximum loading. The values
presented in Columns 4 through 7 are reduced from the digitized range
data. Column 8 values are based on the valuss plotted in Figure 14.
Nearly constant load/dyramic pressure {(L/q) values for LP~4 and LP-5
are evident after the parachutes have opened to the reefed shape. How-
ever, the value for LP-3 required extrapolation considering the values
of LP-4-and LP~5. Column 9 is an opening shock factor, K, defined as
Cclumn 7 divided by Column 8. Because only two nearly constant L/
values for the reefed shape are directly evident compared to three L/q
values at maximum load, the three values were selected for extrapolating
to correspond with the shorter reefing line lengths required for higher
Mach numbers and dynamic pressure tests.

TABLE IX - LARGE PARACHUTE DIMENSIONAL AND

LOADING PARAMETERS

2 3 4 5 6 7 8 9
. Test
Reefing | Reefed Test Test | Test L/q Test
line inlet . : L/q Test

. altitude { Mach| q at at

iength, area, | .7 at L after shock
Test RLL RIA max | max max | opening | factor,
item {£t) (aq ft) (ft) max | (psf) | (sq ft) | (sq ft) K*
LP-3| 20.5 33.60 13,815 1.24 1 1350 114 77 1. 480
Lp-4 14.83 17.55 15,934 1.40 | 1642 67 57 1.175
LP~5 14,82 17.55 10,948 1.56 | 2410 63 50 1,260

*
Coluran 7/Column &

Tast practices have presented the effect of reefing as drag coefficient

{Cp) or drag area (CpA) versus reefing line length (RLL). Another
parameter to consider is the reefed inlet area (RIA). The two coefficients,
KRLI and KRiA, are shown in Columns 4 and 6 of Table X. The value

is squal to:

) 2
L/q at Loy () )
R LL (ft) !

Kppp (8 =

The value of KRIA is equal to:

2
L/q at Loax (880

K. = . (2)
RIA RIA (:t%)

Both coefficient values are plotted in Figure 15 and extrapolated to other

X1
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SECTION IlI - LARGE PARACHUTE DECELERATOR AFFDL-TR-67-25

¢
reefing sizes. The constructing of the curves was aided by the fact that
the values of both coefficients should be equal when the values of the other
parameters are equal. This occure at 2 reefing line length of 47, where
the value of the reefed inlet area is also 47. Tnese curves can be used to
calculate values of 1,/q at maximum load for other reefing sizes.

TABLE X - LARGE PARACHUTE MAXIMUM-

LOADING COEFFICIENTS

s

1 2 3 4 5 6
Teat Reefing Reefed r
L/q : !
at line Coefficient inlet

L length, K x area, Coefficient {
; Test max RLL RLL RIA Ok emh ;
: item {sq ft) (ft) (£t) (sq ft) RIA
LP-3 114 20.5 5,56 33. 60 3.4 !
:ﬁ LP-4 67 14.83 4.51 17.55 3. 82
| LP-5 63 14.83 4.25 17. 55 3.59 i

% .
Column 2/Column 3 ;

*Column 4/Column 5

: 7 T T T
’ LEGINN:
KL Kt / A i y
¢ 0O LP-3 e ”Z ,
0] :

—— %7 Lrs v / :
>
A

>

L]

COEFFICIENTS, Kﬁl.l.. (FEET! AND KR!A

A a
2: w———— -:A -n-—‘— — ofp— s———— :
i !
f sf—- |
‘Z !
2l |
] 1o 12 4 16 " 20 a2 %
REEFING LINE LENG . A, RLL (FEET}
' A 1 i . A 1 4 )
8.07 7.4 t1.40 18.98 2033 25.%0 nm 3%.40 4804

REEFED INLET AREA, RIA (SQUANE FRET)

Figure 15 ~ Reefing Line Length (RLL) andl Reefed Inlet
Area (RIA) vereus Coefficients (X)
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d. Reefing Based on Analytical Methods
(1) Approach

In the analytical approach used to obtain an opening lcad near 200, 000 1b
for each deployment, the parachute-opening loads are considered as con-
sisting of two principal parts. The first part is the aerodynamic drag of
the shape itself, which is treated as being generated by a drag coefficient
(Cp) times the area (A) and dynamic pressure (3). The area is bagsed on
the canopy=-inlet area at the time considered. The other part of the open-
ing load is caused by acceleration of the net air mass that is being acquired
by the canopy during filling, as contrasted to a low or zerc net gain of
mass after opening. The force generated by the net-acquired mass is a
function of the acquisition time or opening time.

!
!

To determine the acquisition time, a step calculation is used based on an i
i assumed canopy-suspension-line geometry. It ie assumed that the canopy
is formed by the opening loads into a shape consisting of a cone coincident
with a hemisphere (see Figure 16).

The degree of inflation establishes the size of the hemisphere. The radial
member length is divided into X and Y components, and the inlet diameter
is established. The leakage area is considered to be only in the hemi=~
spherical portion of the canopy and is based on the nominal geometric
porosity (A). 1

S W T

Because the canopy can be expected to open at uifferent rates during its
opening, the opening sequence is calculated in steps. To simplify the
mathematics, the canopy geometry is made the basis of the steps; the
hemispherical radius is increased by regular increments. The mean di-
mensions between increments are used in calculating flow values. An
increment is defined in the following sketch:

< drinney

Rugan

RiniTiaL

VIR s 33 S iy 1Erv = i BB 30 8y e T
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i
!

1
i p
meand ! Ama
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LAY P
v.
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t'= 0 SEC v

Ao s s e =

" -
; /*"
THEORETIC AL JUNCTURE ;
27
INLET
RADIUS
* '
.i ————
; \
i
i
| INLET
: REEFING LINE
;
i
H
:
i Figure 16 - Geometric Nomenclature
?
The asrodynamic shape-drag throughout one increment consistas of the

reefed shape-drag coefficient times the mean dynamic pressure and the
mean projected inlet area during the increment. The net mass acquired
during the increment consists of the mass-in minus the mass-out during
the increment. The mass per second is considered to be in at the flight
velocity at the beginning cf the increment times the mean iniet area times
the ambient mass density, as illustrated in the following aketch:

34
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SECTION Il - LARGE PARACHUTE DECELERATOR AFFDL~TR-67-25
Incoming mass a=(v £\, | secdy(, g2
ncoming mass per second = { Veiight' sec / \'amb’ il inlet’

The exciting mass per seccnd is considered to be out at the flight velocity
times the meaun exit area times the ambient mass density, as illustrated
in the followirg sketch:

CONSOLIDATED

LEAKAGE
AREA
v
FLIGHT
P MEAN
AMB EXIT
————
AREA
}
t = 0SEC t =1 SEC

Exiting mas second = (V A [ Lb_g_?__cj A ftz {4)
1ing mass per 8econd = \Viight' sec )\ 'amb’ 4 exit’

(2)

ft

Subtracting the exiting rmass per second from the incoming mass per sec-

ond yields net mass gain per secund., Dividing the required mass increase

in a volume increment by the net mass gain per second yields the filling
time for the chosen increment. Maultiplying the net mass per second by

- the increment initial velocity yields the force that is applied to the canopy

in decelerating mass at this rate. Adding the shape-drag force yields the
total force.

Forty-six steps were involved in calculating the loads during opening of

‘LP-3, LP-4, and LP-5 for a range of inlet sizes at actual test conditions.

Table XI shows the geometric considerations involved in Steps 1 through
23, ard Table X1l shows the envirunmental consicderations involved in
Stepr 24 through 46, Figures 17, 18, and 19 show the calculated values

-from the tables and the meadured torce values,  The values in Figure 17

are baged on an assumed shape-drag coefficient used in Reference 23 and
on shupe-~drag valuss calculated from early flight data after the parachute
opened to the resfed shape. The values for Figures 18 and 19 use the
shape-drag coeificiant values from the early flight data only.

Shape-~Drag Caiculmioni

A shape-drag calculation was made at the 12. 622 -sec point of the LP<5
trajectory. This point was selectad for the trajectory because the canogy
had opened to the recfed zhape anda the measured force is neither increas~
ing or decreasing {Figure 20). Energy is not accumulating or ‘being re-
leased from tho suspension lines, and the canopy's velocity arnd accelera~
tion match those of the vehicle. The top force line of Figurc 20 shows

35
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SECTION I - LARGE PARACHUTE DECELERATOR

TABILE XI - OPENING LOAD CALCULATIONS FOR

LP-3, LP-4, LP-5 (GEOMETRIC)

AFFDL-TR-67-25

C»lculation step

Radius increment {ft}

{cu ft)

prov:ou iucumcnt

No. Ducrip(.ion Source* Otol 1to2| 2to3 | 3to4 [4to5
@ Mean hemisphere radius (ft) Increment average 0.5 1.5 2.5 3.5 4.5
Mean great circle ares {oq ft) r x @D? (Fig 16) 0.785 | 7.06 | 19.65 | 38.5 | 63.6
Mean hernisphers arca (sq ft) 2 xQ® 1,87 14.12| 39.30 | 77.9 | 127.2
(4) Mean cylinder area (iq ft) 2 x@) 0.0 0.0 0.0 0.0 0.¢
(5) Mean total loakage area (sq it} | D+(D) .57 14.12] 39.30 | 77.0 | 127.2
(6) Efiective leakage opening {s4 1) [(B)x Agitg® 0. 14 ¢.z193! 1.979| 5.50 10,79 | 17.82
(@ Half mean hemisphere perimeter | (DX 0. 5: = Yof 0.785 | 2.36 | 3.93 | 5.50 | 7.08
Fig 16
Mean straight line distance (ft) | 41.3 @ 40.52 | 38.94| 37.37 | 35.80 | 34.24
(41.3«X+Y+2D,
Fig 16) °
(5) Mean skirt line distance (ft) 9.3 -(IAF1g 16) 8.52 6.9¢4 | 5.37 | 3.80 | z.24
§0) Ratio, suspension line to straight
line zno/ 0.789 | 0.82:] 0.855 | 0.894 | 0.934
@) Mean inlet racius (f1) Ox @ 0.395 | 1.232| 2.140 | 3.125 | 4.204
Moan inlet ares (sq ft) Dixx 0.490 | 4.775| 14.40| 30.75 | 55.5
Maximum hemisphere radius (ft) | Increment limit 1.0 2.0 3.0 4.0 5.0
@ Maximum hemisphere volume 3
(sq ft) 0 x 2.0944 2.094 | 16.75] 56.5 | 134.0 | 261.6
@ Half maximum hemisphere
perimater (ft) 3 xo.5x 1.571 | 3.146| 471 | 6.29 | 785
@ Maximum straight line distance
L) 41.3- @ 36.73 | 38.15| 36.59 | 35.01 | 33.45
‘ Maximum skirt line distance {f©) [9.3 - {9 773 | 6.15 | 4.59 [ 3.01 | 1.45
Ratio, auspension line to straight )
line o /@ 0.805 | 0.839 ! 0.875 | 0.914 | 0.956
§9 Maximum inlet radius (ft) B0 0. 803 1.678 | 2.625 ) 3.656 | 4.78
£9 - Average maximum iruncated _@_i-_ﬁ :
come radius (ft) o 0.911 | 1.858 ] 2.840 | 3.864 | 4.94
Maximum truncated cone volume ‘
8 {eu f1) Aixix D 20018 | 66.7 | 116.2 | 14L.4 | 1100
€ Maximum total volume (cu fr) @+ 22.27 | 83.45] 2.7 | 275.4 | 372.6
€)  Maximum total volume change | @2 - 22.27 | 611 | 89.3 1027 | 972

¥

Circled numbers in this column refer to step aumbers tn first column of table.

Symbol C, is an ampirical factar to corredt the aversge udhn to a value tha: providss an sverage cross-
zectional " Arca; C = ], 0}

36
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TABLE XII - OPENING LOAD CALCULATIONS FOR i.P-3, LP-4, LP-5(EN

- SV
Calculation step LP-3 radius increment {{i3 LP-4 radius incrend
No.* Descripticen Source™” Otol 1to2 2to}d St 4 ! {to 5 0tol tto2
Altitude (ft) WSMR data 13,750 13,750 13, 750 13,750 13,750 15, 817 15, 817
Ambient dexsity (Ib sec¥/ft?) W3MR data 0.001575 | 0.601575 | 0.001575 |0.0C1575 [0.001575 [u.001453 + 0.001453
Ambiant prassure {psf) WSMR data 1,252 1,252 1,252 1,252 1,252 1,175 I 1,175
Ambient temperature (R} WSMR data 464.9 $64.0 ) 464.0 464. 0 464.0 471.2 471, 2
Ambient specific volume {ft3/1s) | WSMR data 19.70 9,70 19.70 19.70 19.70 71. 42 21.43
Velocity (fpa)* £ - @ot 1, 440 1,437 1,429 1,417 . 1,632 1,629
previncreme-t | . .. 1,437.6 1,431.5 1,432.6 1,414.3 - .
.
Velocity squared (1t>/sec?)? @2 2,075,000 | 2,063, 000 2, 040, 0G0 | 2, 004, 000 | 2, 000, 244 [2. 664, 000| 2,550,060
e e 2,049,192 2,026,651 . . . C o
Inlet flow (ft/sec)? @& 705 6,850 20,580 143,500 |78,500 |80 7,760
’ 20,630 44, 000
Exit flow (ft /sec)? ®Ox® 316. 4 2,840 7,850 15,280 25,200 354 3,220
7,880 15, 500
Net flow-in (it /sec)t 6 - 6 389 4,010 12,730 28,220 53, 300 411 4.240
13,730 28,500
Net mass rate-in (b sec/ft sec)’| @) x @ 0.612 6,318 20.04 44.45 83.90 0.641 6.590
21.65 44.90 o
_— #§ . . .
Fill time {sac) €3 @/@3 |o0.0574 [0.1527 |0.00700 [0.06364 [0.001281 [0.0505 |uv.0135 |

(0.574) (0. 0727) (0. 0797) {0. 0833) (0, 0841) {0. 0505} (0. 0540)
e e 0. 00649 0. 00359 . .. L.
(0. 0792} (0. 0828)

PEOOB® 3000 ©O0Q0C 3 WD

Fill mass rate {ib sec/tt sac)? €Y x @ 1111 10. 10 32, 40 68.50 123. 8 1.163 1130
32.50 69. 59 .
Fill mass (1b sec’/m)? 69 x®H 0.0636  10.1648 |0.2270 [0.2402 jo.tsas  lo.osss  fo.1ses
. e PP 0.211 0. 2490 e . I Co
Fill force (1b)} CHx & <@ | 1600 15,500 46,300 46,900 174,900 |1,900 15,400
e L 46,600  [om.pn0 . . o S
Dynami: pressure {naf)? 05 x @3 x @ |ien 1,623 1,608 ;. 580 1,576 1,938 1,924
1,613 1,998
| )
Aerodynamic shape-drag lib)  1258x @9 x @) | 2,064 , 20,000 [so,600 [125,200 [1imo000 | .. .
' 135 x 63 x 62 | 1,081 10,490 |3:.420  Jes,n00 | .. L L
zsex @ x 49" .. 2, 430 23,530
Total force (1b)¥ @8 3, 664 av,500 | 105,900 |222,100 292,900 |4, 300 41,910
: 2,681 25,900 [718.020 |les,900 . . | C o
| L]
Valocity dscay tpe)* 0.0 « @) x 69y 3. 28 8 44 11,87 12. 62 58.2 3. 41 A 81
2. 402 6. 18 7. 90 9,23 o C o
Reelsd circumlerence (11} w9 5. 083 10.5% 16. %0 22.97 o s 035 [ 10.5%
Reefed diametar (in. ) @) x3.8° " 15,30 49. 30 53.0 I . 1 3 40 10
Reefing line diametar (ia.) @ -2 J12.20  [ye30  {si0  fus7 . 17 30 PR
Reefing line circumfersnce ((t) | @) x 0. 262° +.5) 10. 93 15,98 2.4 o 4,53 10,03

‘Mn Lontinue from Tabla XI. ) Y Incramant values based on orlgin.au'rut!mal

*Civeisd numbers in this column refer to ytep numbaete in firet column of table, presented by §. F. Hoerner (1.35 baswt on m@

v .
. ‘ ) . . . lecrement valuoe based on 2. 36 shopé-drag (o
Dovisle ¥niues for LP-), where given, are based on 2. 38 and 1,35 shapw-drag coelficients in tess dats i2. 36 based on mean inlet ares).

S2ep 40. Single valuen for LP~dand LP-Sare based onl. 56 shape-drag creofficient of Slep 40. . o
j ) iqual to £32.1 f/s0.%)/1991 b,

f Total olepesd time ix paresihesss. . 4
rocr ¢ ialuse based on 2. 38 shape-arag coefficisnt calculated from sarly LP+) quick-loak Valus squal to (il se. /1S,
taat data (2. 58 based on muan inlet aresl. Yaie aqual to /(12 in. /nt)

o




SECTION I - LARGE PARACHUTE DECELERATOR

LCULATIONS FOR LP-3, LP-4, LP-5 (ENVIRONMENTAL)

AFFDL-TR-67-25

radius increment {ft) LP-4 radiue increment () LP-5 radius increment (f?)-
] 2to 3 3o 4 45 0 to i 1102 703 310 1 Sl | tto? 2t 3
13,7%0 13,750 13, 750 15, %17 15, 817 15,817 15,817 10.805 10, 805 1, 805
b 10.001575 [0.00i575 | 0.001575 [0.00%453 | 0. 001453 | 0.001453 | 0.001453 | 0.001727 | 0.001722-{.0. 001722
1,252 1,252 1,252 1,178 1,175 1,175 1,175 1,418 1,418 1,418
464. 0 464, 0 464. ¢ 471.2 i 471.2 471.2 471.2 480.38 480.8 480. 8
19.70 19.70 19.70 21.43 21. 43 21,43 21.43 18. 1¢C 18.10 18. 10
1,429 1, 417 e 1,632 1,529 1,620 1,608 1,801 i, 8C} 1, 801
L+ P 1.432.6 1,414 3 . . . s . L. P
0]2,040,00012,094,0001 2,063,244 |2,664, 000] 2,650, C00} 2,623,000 2,580,000 2,243, 000| 3,224, 200} 3. 182,000
2,049,192 (2,026,651 1. . . .
20,580 43,500 78, 500 80¢ 7,760 23,135¢ 49, 400 £82 4 560 o5, 780
20,630 44, 00) . . )
7.850 15,720 25,200 3%9 3,220 8,900 17, 32C 396 i, 554 9, 800
7. 860 15, 500 - . P
12,730 28,220 53, 300 441 4,540 14, 450 ¢ 32,080 446 3, D06 5900
13,730 ~8,500 R . R . L . R AN
20.04 44 45 83.99 0 641 5. 590 21. 00 46. 60 0. 837 8. 360 27. 40
21.465 44.90 .. R . R
O, 00700 Q. 00364 0.0012381 o 0505 0. 0135 0. 00618 Poooo? 196 0. 0459 0 0221 0. 00551
(0. 0797) {0, 0833} | (0.084:: {0. 0505) {D. D640} (0. 0702} {v. 07 3%) (9. 04%4) {9. 0541) (0. 6€37)
0. 0064y 0. 20359 . C . . . . .
{6. 0792} {C. 0828) (
32.40 68. 50 123.8 f" 16 il 0 31,00 7! 60 1. 520 14 77 4. 30
32,890 69. 10 . I . . . .
0.2270 0. 2492 0. 1545 0, 0588 0. 1528 9, 2005 0,229¢ } V. 0636 0. 1802 E Q. 2443
0.211} 0. 2408 .. C .o Lo S i
) b
45, 300 96,200 174,900 1,700 13, 400 £5,€00 115,200 L, van e 78,900
{«;.wo syiwan f. . o o o
1,408 1, %50 1,576 I, 938 i, 4924 1, %08 1.874 2,798 2, .50 LR
e Y11 1,598 . R . BN C . 3
55,6446  1125.200 |118,000 i
31, 420 66,105 - R o . C L P
FUPER ) 2. 439 231,530 70, 3o 147, 500 3,503 4,000 101, 100
. 199, 900 22¢, 100 292,900 {4,303 41,93 12% 200 262, 700 6. 243 &3, 530 180, 000
78. 020 164, 900 L . . o S P L L
11,87 12.62 88.2 Y4 Y 1:.08 1310 4. 458 11,53 18. 77
1.9 392 .. ;o . . . oo
16. %0 22.97 5. 05% 10. 5% ih K0 e 87 5. 0%% 10 % iw. %0
3.0 87.7 19 3¢ 4039 63 0 87,7 19. %0 40, 1 3 0
810 18s.7 17. 10 W |sro 5.7 1% ) Lio
15. 9% 1. 43 4.8} {0.0) 1S GR 22 43 4. 33 10. o PEARE]
"lunm-nl values based on ariginally estimated 1. 3% shape-drag comtficiert ine sim,lsr shape 7
presented Yy S, F. Hosrner {}. 35 hased on mean inia\ areal. )
teiwnts in "Iﬁ(gcnﬁ.ﬂl valogs based or 2.96 o. spe-drag coefficient cricuiated from oarly 1.5+3 quitk-louk
Stap 40 test date {2: %0 based on aween tinlet aresl.
. ~ . ; . o
' Equal i (). £ ft/sacd 171991 0.
) % Value agual o (12 in. /0/8.

Qu. ck-fook

+
" Valua equal to 97012 1n. /1)

{Reverse is blank)
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SECTICN UI - LARGE PARACHUTE DECELERATOR AFFDL-TR-67-25

the total longitudinal force acting on the vehicle, based on the accelerome-
ter indication; this line, labeled "calculated total force, " is ubtained by
multiplying the total vehicle weight acting ahead of the strain link by the
measurad acceleration (expressed in g). The lower force iine of Figure
20 shcws the average drag link load plus the longitudinal weight component
of the 1765-1b weight; this line is labeled "modified indicated force."

Computation of the vehicle weight acting ahead of the strain link fcllows:

Net weight

Item __{1b)
Total vehicle weight with test item 2062 (Reference 1)
Less test-container aft end {60 lb) 2002 (Reference 1)
Less test item (152 Ib) 1850 (Reference 1}

Less a.tfachment ring, aft of strain .
link (55 1b) 1795 (Retarence 24)

For the 12,622 -sec point, the acceleration is 68.57 g (from Reference
272}  The tntal force fram this value is 123,100 1b (1795 1b times 68.57
g)- From Reference 22, the average of two drag link readings (116, 540
1b) and the trajectory angle (20 deg) can be seen. The forces are sum-
marized in the free-body diagram of the vehicle forward of the strain
link, as shown in the following sketch:

si1oLB
116.540-L8 STRAIN LINK FORCE

A//
/

3250-L.8 DRAC

1798 LB

The vehicle drag is the difference between the modified indicated force
and the total force. An average value for the period from 12,562 to
12,752 sac is 5600 1b. Using this value, 5900 1b becomes 5600 ib, and
missile g changes from 68.57 to 68.3, fort = 12,622 sec.

. Next, that portion of the parachute attachment hardware aft of the strain
- " link-is considered. This aft hardware is assumed to be entirely immersed
- in the vehicle and its wake; thus, it does not experience aerodynamic o
~drag. The parachute suspension line weights are assumed to be distri-
~ buted one-half to the attachment hardware and one-half to the canopy.

YA
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4
i
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The weight of one -half the parachute suspension lines is:

j.650z 11b
3ft 16 oz

2 webs
suspension line

(15 ft/web) = 331b (5)

Where:

(15 it/web) is one-half the suspension line length
plus «~ ailowance for the loop

1.65 oz is from MIL-W-27657A (USAF) (Refer-
ence 25)

The effective weight of the rear attachment hardware, then, is 55 1b (from
Reference 24) plus 33 Ib of lines, or 88 Ib. The free-body diagram of the
rear member for the time t = 12.622 sec is shown in the following sketch:

122,500-L.8 CANOPY LINE FORCE

" ..+he net unbalanced force acting on the 88-1b 1nae_, using 68.3 as the ac-

celavamatar reading, is 6010 1b (€3 uumes 68.3 g). The 122, 560 -1b canopy
line force equals strain link force plus the unbalancad force from missile
accelerations minus the longitudinal force component due to gravity. The
canopy line force in this case consists of canopy dr«g less the force re-
qQuired to accelerate the canopy mass rearward (alisclute values), In'the

o followmg paragraphc. the canopy acceleration force 18 Jetermmed

 The parachute's total weighi is 141 1b. The canopy's portion of the weight

is 141 minue 33 or 108 1%. 1In addition to the canopy material weighi, the

-.associated air mass is also acceleratad. This mass car be considered

as a sphere of air at. nta.gnanon preuure.

" From Referenue 4, the reeﬁng-hne circumference is 178 in. The cor=

responding diameter i3 56.6 in. The reefing rings place the skirt approxi-
_mately 1 in. outside the reeﬁng iine. Thus, the skirt diameter is 58.6

" 4n., and the skirt radius is 2,445 ft. The other dimer sions are obtained
: from Rcferenco "4 and are shown nrucr in Figuro 6.
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The geometrical radius, R, was found as follows:

2.3:1245 = 32R+ . (6)

X = 13.09R - 32 (7)

Y = 1.572R (8)

X+Y =9.3 (9)

13.09R - 32+ 1.571R = 9.3 (10)
14. 66R = 41.3 (11)

R = 2.818 ft (12)

The corresponding spherical volume is (4. 189)(2.818 ;‘ft)3 = 3.5 cu ft.
Th-~ density of the air volume was next established. Reference 22 snows
the altitude above mean sea level at the 12. 622 -sec point to be 10,9906 ft.
From the Reference 22 air data, the conditicns at this altitude were es-
tablished. (Appendix I shows these calculations.)

The_speed of sound is 1070 fps, and the ambient density is 0. 001715 1b
sec’/ft4, True air speed is 1557 fps, and Mach equals 1.454 (1557 {ps
divided by 1070 {ps). Assuming *the air is accelerated in a reversible
adiabatic process to the canopy air speed and using values from Refer~
ence 2b, the ratio of ambient to atagnation air density at Mach 1.454 is
0.4141.

Thus, the stagnati02 density is (0.001715 1b lecz,’ft4)/'(0._4l4l) =
0.0041406 1b sec2/ft?. The local acceleration of gravity is 32.11 £t/sec2.
The resultant specific weight is (0. 004145 1b sec L /frd)(32. 11 ft/!secz) ]
0.133] pcf, and the weight of the sphere of air is (93.5 cu ft) (0. 133] pci)
s 12,45 }b, , : ‘

The total canopy weignt, anuming the virtual air' weight is 12,45 1b, be- |
comes 108 Ib lus 12.45 1b, or 120 1b. The force on the canopy used to
produce the canopy acceleration is (120 1b)(68.3) = 8190 lb.. The canopy

free-body diagram is given in the following sketch:

A

e

wl.ml / | gua,uo—t‘

DRAG FORGE

| ——

4

190 L0 v-mu/

5
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(3)

. because the vehicla's drag changes A negligible amount between 12, 472 sec
-~ and the previously considered 12. 622 wac. The error 1s considered due
o av<elerometer respunse. ¥ince the accelerometer reading is Lkely to

lag the true value, and the drag link valu? is unlikely to lead it true value

The canopy drag coefficient, based on he cross-sectional area of the
canopy inlet can be calculated as follows Dynamic pressure was ob-
tained from Reference 22. Inlet cross sectional area is (2. 445 fL) (m) = : |
18.62 sq ft. Based on the inlet area, the drag coefficieat bec.mes: E '

130, 690 15 2 aen
{(2068.6 psf)(16.0c 8q 1) ~~~7

{12y

This value is higher than any of the canopy-shape drag coefricient values
(i.e., 1.35, 2.56, and 2.58) used to calculate the loads in Table XII. Use ]
of this value in the calculations will increase the canopy-shape portion
cf the drag by 3.35/2.56 or 1.3.

Canopy Openiung Load Determination

An example of how the LP-5 canopy opening torces were determined fol-
lov.s: The opening time increment extends from 12.467 sec to 12.477 sec.
This 0. Gl-sec interval is divided in half by a 12. 472 ~sec poin:.

For the 12. 472-sec point, the acceleration is 33.20 g (obtained from Ref-
erence 22}. The total force from this value cf that portion of the vehicle !
ahead of the strain link is {1795 ib)(33.20) or 59,500 Ib. The average »f j
two drag readings {56, 310 Ib) and the trajectory angle {(20.2 deg) can also ‘
be obtained. A free-tody diagram of the vehicle ahead of the strain link
is shown in the {ollowing sketch:

2520-LA ORAG

N

e AN

T SE.310-LE STRAIN LINK FOUITE

'Iu‘: irue ve’vcle rims 8 f'anuden.d S600 1b instead of the appar‘.nt 2570 1y,

when the forces aciing on the fystem are changing rapidly. Thus, the
rag value goes from 2570 1b to 5600 i5, and the g value goes from the
mﬁxcated value of 32.20 to :4 84. Figure 20 presents these values.

That pottion of the narachute attachment hardware aft of the strain link
i# next considered. Repeating the shape~drag approach, it is assumed
no drag forces are acting on the attachment hardware. As before, one-
half of the parachute suspension hine we.ght ‘s assigned to the attachment

46
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| hardware and one-half to the canopy. The total weight of the attachment

N hardware plus one-half of the suspension lines weight is 88 lb. A free-

~ boady diagram of the attachment hardware is shown in the following sketch:
| 56,310-L.8 STRAIN LINK FORCE
k . -

VL

\\/ 20.2 oesl

LYY Ly

FENFRLIN

e 53, 350-L8

i 3 CANOPY LINE

e FORCE

i

; {* The net unbalanced force acting, based on the revised accelerometer
w reading, is (88 1b){34.84) = 3067 lb. The 59, 350~1b canopy line force
¥ equals the strain link force, plus the 3067-1b unbalanced force, less the

30-1b longitudinal component of the gravity force.

The canopy line force consists of the canopy-shape drag force, added to
the canopy mass acquisition force, less the force required to accelerate
the canopy itself, Because the canopy force increases rapidly with time,
the canopy moves rearward relative to the vehicle. This rearward ve-
locity, which affects the canopy drag, opening force, and inertia force,
is calculated in the following ma ner. :

Because the velocity depends un force change, the force level is required
at different times. Following the akove procedure, the canopy forces at
the 12.462- and 12.482-sec points are established to be 48,950 and 72, 100
Ib, respectively, Thus, the force change in the 0.02-sec interval cen- ‘
tered on the 12, 472-sec point is 23,150 1b. This load is distributed over
32 suspension lines of 2 webs per line. Hence, the load change per web
is 23,150 1b/64 = 362 lb. Reference 1 shows that the effective web length
subjected to this load is 29 ft. Figure 21 shows the load-strain relation=-
ship of this webbing. The total load at the 12,472 -sec point was previ-
susly determined as 59, 350 lb. The corresponu.ng load per web is
49,350 1b/64 = “26 ib. Examination of the Figure 21 curve shows that

- the stress-strain relationsnip is linear up to the 1000-lb load point. At
the 1000-1b !load point, the strain is 0,051 ft/ft. From the foregoing, the
differentinl dicplacement can be calculated as (0.051 ft/ft)(362 141000 1b)
(22 ft} = 0.535 ft. The resultant rearward velocity of the canopy relative
to the <ehicle is 0,535 ft/0.02 sec = 26.8 fps.

SR e T TRl AP

From Reference 22, the vehicle air speed at the 12. 472-sec point is 1727
. fps. The corresponding canopy air speed is 1727 - 27 fps = 1700 fps.
From Aeference 22, the vehicle dynamic pressure at the 12. 472 -sec point
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L4 ¥
SOURCE: MiL-W-276%7, T7PE (i}, GOODYEAR AEROSPACE DA TA
{ONE iINCH-PER MINUTE)

LOAD - (THOUSANDS OF POUNDS!

0 S 10 15
ELONGATION (PERCENT}

Figure 21 - Stress-Strain Relationships of Sus;ﬁension
Line Webbing {(6000-Lb Rating)

ie 2550 psf. The corresponding canopy 'dynamic pressure is:

(2550 psf)(l?OO fLL = 2474 psf . (14)

(1727 fps)’

To calculate the canopy shape-drag, the inlet area of the canopy must be

known, siace the canopy shape-drag coefficient is based on this area..
The canopy inlet area at the 12.472-sec instant was considered 6. 75 gq
ft based on the LP=5 onboard camera films. Thus, 'i{rag = qCDA =

(2. 474 psf)(3. 350)(6. 75 &q ft) = 56,000 1b, ' '

The shape-drag coefficient (3 350) is based on tha valua at 12.622 sec
calculated earlier. The drag coefficient change between corditions at
12,472 sec and 12. 622 secﬁs auumed to be ¥mall, -

Next, the canopy inertia e!ffect is calculated. The firuz portion of this
calculation parallels the corresponding nteady-atate c&lculatxonl. The
spherical volume corresponding to the 1. 769-ft R i 23,11 cu ft. The

_deasity of this gas volume ie based on Reference 22 data. 'I"he altitude

at the 12.472-sec point is 10,090 ft.

From Appendix U of this repoit,- the speed: of sound il 1070 Ipt. The true
airspeed was previously calculated to be 1700 fps. The Mach number is
(1700 fps)/(1070 fps) = 1.589. Asmsuming the air is agcelerated in a re- -
versible aciabatic process to the csnopy airspeed, then from Reference 26

[N
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the ratio of ambient to stagnation air density at Mach 1.589 is 0. 3599.

s From Appendix II, the arhbient density is 0. 001719 1b sec?/it4. Thus,
the sta%natxon density is (0.061719 =~ 0.3599 Ib sec 2/54 = 0 00477 1b
sec Appendix IJ shows the local acceleration of g ,rawty to be 32.11
ft/sec . The resultant spaci.ic weight is (0. 00477 1b sec /ft“) times
{32.11 ft/sec2) = 0.1532 pcf, and the weight of the sphere of air is

(23. 11 cu ft){0. 1532 pcf) = 3.54 1b. The total cauopy weight, th.’a the
vutual a1r weight included, becomes (108 + 4) b = 112 1b,

AN

The canopy acceleraticn is different somewhat from the vehicie acceier- -
ation because of suspension-~line elasticity. The acceleration of the '
canopy relative to the vehicle is calculated as follows: The calculated
canopy loads at tke 12.461-, 12.471-, and 12, 482 -sec points of Figure 20
arz 48,950, 59,350, and 71, 100 1b, respectively, Thus, the force changes
in the two 0.01-8ec intervals repreaented are 10, 400 and 12, 750 1b, As

in previous practice, the corresponding load changes per web are 190, 400
lb/64 = 162.6 1o and 12,750 1b/64 = 199 ib. The corresponding displace- .
ments are (0. 051 ft/ft)(162 6 1b/1000 1b}(29 ft) = 0.2403 ft and (0.051 £t/ft)
(199.0 1b/1000 1b)(29 ft) = 0.2940 ft. The resultant rearward velocities
are 0.2403 ft/0.01 sec = 24.03 fps and 0, 2940 ft/0.0! sec = 29,40 fps.
The velocity rate of change is (5.37 ips)/{0. 0] sec) = 537 ft/secz. With
the local acceleration of gravity 32,11 ft/'Sec » the velocity rate of change
is 16.75 g. The total canopy acceleration is the vehicle acceleration plus
the canopy acceleration relative to the vehicle; or (34.81 + 16, 75)g =

51.59 g. The force on ihe cancpy required to produce this acceleration
is (112 1b)}(51.59) = 579C 1b.

SRR N——
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The canopy mass acqmsxtlon -force is the remammg factor to be calculated o
that contributes to the suspension line force.” This mass acquisition force
results frcm acquiring air mass as the canopy opens. To avoid c¢onsid~
ering various airspeeds in the calculations, all the virtual mass air is
treated as stagnant, The stagnant air volume is increased to the epheri-
cal shape to allow for the slow-moving air. An incremental volume change
is shown in the fellowing sketch: S

e

'INITIAL VOL UtME

. .
ik a

o

LIITILL]

“INCREMENT OF
VOL UME INCREASE
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:As §revioualy> mentioned, the increment being used extends from 12, 467

to 12,477 sec. The canogy inlet areas from Reference 6 are plotted in

_ Figure 20, From the curves of Figure 20, the inlet areas for the incre-
ment end points are 5. 04 and 7. 60 sq ft. The corresponding radii are
1,388 and 1. 588 ft. As in the previous procedure, the R dimensions are
1.678 and 1.867 2, relpectwely. The correapondmg spherical velumes
are 19, 754and 27.22 cu ft. Thus, the volume of air accurmnulated in the
increment is 27.22 =~ 19.75 cu ft = 7.47 cu ft. In determining the den-
sity of this air mass, it is assumed that the air is brought to the canopy
velocity in a reversible adiabatic process. The air hos the same density
that was calculated for the entire sphere: 0.00477 1b secé/ft4. From
the foregoing information, ,mass accumulation is_calculated to be
{747 cu £)(0. 00477 1b secl/fi4) = 0,03565 I secl/ft.

The force reqmred to accelerate this masas to the caropy speed is (dv)

~ {M)/(&t}.==The velocity change (dv) is the canopy speed at 12, 472 sec,

- which has previouely been determined to be 1700 fps. The mass acqui~
sition force, then, is (1700 fps){0. 0356 1b sec2/{t)/(0. 01 sec) = 6050 lb,
acting to acceleraie the canopy rearward. The canopy forces calculated
in the preceding paragraphs are ehown in the following free-body sketch:

CANOPY ACCELERATION FORCE

/,

1

‘?‘.L;: 7' ' $6,000-L8 SHAPE-
) f : DRAG FORCE
’ ’ 8790 —'-———b

a——-———.
e e
) 112 L8
£0,350-L8 CANOPY fm .} : 6050-L B-MASS
LINE FORCE C ; S ACQUISITION
) e . . DRAG FORCE

. By equating these forces, then 59,330 + 5790 - 56, 000 - 6050 should equal
zero. However, a difference of 3090 1b occurs when either of the drag
terms is low or either of the force terms is high.

‘An evaluation can bé made of the methods used in Tables X! and XII for
calculating inlet and exit flow rates. The mau-accumuhtad was calcu~
lated from flight conditions to be 0.0356 1b secé/ft. The mass-entering
can be calculated irom the mass=accumulated plus the masres-exiting.
. The mass ~exiting can be calculated from the geometry and the environ-
4 mental conditions.

The nomiml geomeﬁric poroseity is 14 percent; The porosity Qf the rib-
‘bons and webs is assumed to raise the total effective porosity to 15 per-

cent. The gross leakage area is considered the surface area of the hemi-

sphere it 12.472 sec. The leakage flow i3 considered isentropic and
critical. The R dimension at the 12, 47Z~sec point is 1. 769 ft. Tiie cor=

zuponding hominphortcal area is 28(1.769 £t)2 = 19,65 oq ft. Thirleakage

“"T_/“‘MM ! T RS :;,;{/‘»"‘_": RIS .




ROy e

®

SECTION III - LARGE PARACHUTE DECELERATOR AFFDL-TR-67-25

area is (19.65 sq ft){(0.15) = 2,946 sq ft. From Reference 26, the ratio
of ambient to stagnation pressure at the previously determined canopy
Mach number of 1.589 is 0.2391 for an isentropic compression, From
Appendix 1I, the ambient pressure is 1412 psf. Thus, the stagnation pres-
sure (Pg) is (1412 psf)/(C.2391) = 5900 psf. From Reference 27, the
critical pressure (P.) is (0.531(5900 psf) = 3132 psf. Also from Refer-
ence 27, the critical specific volume (vc) may be found from the following
relationship for isentropic flow: {v¢)l.4 = (Pg/Pc)(v@)1 4, From the
prewously determined wg of 0.1532 pcf, vg is determined. The v, value
is calculated to be 10. 35 cu ft/1b,

The reaultant air demnty is (1)/(10. 35 cu ft/1b)(32. 11 ft/sec = 0. oo 014
1b sec? ft From Reference 27, the speed of sound (c¢) is (kPC/ c)
Thus, the speed of sound at the orifices is:

1

(0.003014 1b sec  /ft")

The mass flow raie out can now be calculated: (1208 fps)(2.946 sq ft)/
{0.003014 1b secZ/ft ) = 10.71 1b sec“/ft sec. In the 0.01-sec increment,
0.107! 1b sec /ft will exit. Since mass<-in equals masgs-accumulated plus
mass -exiting, the mass=-in is 0.0356 + 0.1071 = 0.1427 1b sec®/ft in 0. 01
sec or 14.27 1b sec?/ft sec.

Another approach for calculating mass=in is to use free stream conditions
and the inlet area. This was done in the calculations shown in Tables X1
and XlI. By vsing this apprcack, the inlet flow rate is 19. 71 1b secZ/ft
sec, as compared with 14,27 1b sec?/ft sec. It is apparent exther that
the calculated exit rate values used to calculate the 14.27-1b sec /ft sec
rate-in are low; or that the inlet flow rate values using free .tream con-
ditions are too high. The latter seems to be the more obvious, since
wake and suspension line effects are not considered using free-stream
conditions. r'uture efforts should consider these factors.

LARGE PARACHUTE GEOMETRY

Parachute Dinensions

The basic configuration selected for Large Parachutes LP-3, LP-4, and
1.P-5 was a 16 foot Do hemisflo ribbon type with 10-percent extenued
skirt and a 14-percent porogity. The parachute detailed profile dimen-
sions were derived by geometric computation:
D =161t
o

= 192 in. . - (16)

s« M192)°
7

+]

= 28,953 sq in.

51
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With a spherical 15-percent skirt extension, the gecmetry is shown in the ,
following sketch: ’ 7 " ;
Sy ,
E —~ \\
‘. 0.47R
: e o
DEG ' . o ‘ - o
o = 2R o 5
[ < i
e
B _ % V
0. 17K Y ’ !
H i
? The canopy surface area (S;) is equal to the total spherical area minus z
the open spherical area: : !
2 !
S =D " -27R (R~ x) |
B o < LR o 5
< mp 2 2 : ) : | .
i = 1D ZﬂRC(RC R cos 2 devg) |

& 1'[1'.')‘:2 - ZﬁRcz(l = CUE 72 deg}

D ° .
5-~(1 - cos 72 deg)

ﬂTIDz-
¢

A, b =VousTS,
© = JodsTxzeom. . o
S e 1B SN o

Equatof-to'-cqua:orgenmmcr = 7R ¢ ‘= 186, 4 in.

‘

jrt haight = 0. 100R_ = 0.10 X 86,4 > 18.64in.

reter - 11857 372 in.
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-b.

o Tha area blacked by the radials is. the numbar of spaces times the radial .:
_width times the gap lnngth timel the number of radials: ’

118.5

Circumference at inlet = 2' cos 18 deg X 27 = 355 in, (24)
. 35 x s

Inlet diameter = = = 113 in. (25)

Suspension line length = ZDO =2 X 16 = 32 ft, (26)

The parachute dimensions are shown in Figure 22.

Ribbon Arrangement for Desired Porosity

Layouts and calculations detarmined the ribbon arrangement and provided
the desired 14-percent porosity. The ribbon arrangement is shown in
Figure 23, and the ribbon dimensions and locations for a typical gore are
presented in Table XIiI. The space=-area total between the ribbons, in-
cludmg the area blocked by the verticals and radials, is obtained by sum-
ming up the ribbon length and multiplying it by the gap. The lergth of
Spaces 1 through 20 equals the sum of Ribbon Lengths 1 through Z0; that
is, the sum of lengths 73.87 through 310.07 = 4035, 15-in, length. The
area of space = length X gap = 4033.15(0.465) = 1876. 35 8q in.

The length.of Spaces 21 through 41 equals the sum of Ribbon Lengths 21
through 41: that is, the sum of lengths 319. 34 through 358.68 = 7521,79-
in. length. The area of space = length X gap = 7521, 79(0. 430) =
3234.37 sq in. '

The total space areas, includmg the blocked area. are 1876 35 + 3234.37
= 5110, 72 8q in. .

The area blocked by the verticals is the number of spaces txmea the tape
wxdth times the gap length txmen the number of tapes -

23 spaces x 6.56 X 0.465 X 64 = 216.5% - | - {27)

'zlspace-xo 56 X 0.430 X 64 = 323.0 (28)
'I‘otal = 539.5sqin. . e

20 spaces X 1 00 x-0.465 X 32 = 298.00 . k(30)' '
lepaceoxlC'Ox0430x32!26900 S & T
Total = 537 00 sqin. )

i Thu vont’a open area is the total area of the trianglu between the radials

4. 1%)32

:73{.»&%} sqin. (»33‘)_.
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ATTYACHMENT RING

Di = 113.0 IN
D¢ = 110.5 IN.

.%:

D.AEe TYMICAL 30 SPACKS

. - lsPACES THRSUGH 20 ONLYI -

1

¢ p
ALL RIDOONS (40
2 wink

0.490, TYMCAL 21
SPACES (SPACES 1Y
THROUGH 4t ONLY)
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TABLE XIII - RIBBON AND WEB DIMENSIONS FOR TYPICAL GORE

Circum- Circum-
* ference " * ference *
Ribbon z (32 x) X Ribbon z (32 x) X
1 16.95 3,87 | 2.31 | 22 62.65 | 325,70 | 10.21
2 13. 42 88.00 | 2.75 23 65.08 | 333.68 | 10.43
3 15.88 | 103.00 | 3.22 24 67.51 340.30 | 10.63
4 18.34 | 117.77 | 3.68 25 69.94 | 346.42 | 10.83
5 20.81 | 132.32 4. 14 26 72.37 | 351.65 | 10.99
6 23.28 | 146.50 | 4.58 27 74.80 | 356.40 | 11.14
7 25.74 | 160.47 5.01 - 28 77.25 360.65 | 11.27
8 28.20 | 174.45 5. 45 29 79.66 | 364.00 | 11.38
9 30.67 | 187.50 5.86 30 82.09 | 366.90 | 11.47
10 32,14 | 200.92 6.28 31 84.52 369.38 | 11.54
11 35.60 | 213.62 | 6.68 32 86.95 | 371.13 | 11.60
12 38.07 | 226.34 | 17.07 33 89.38 372.25 | 11.63
13 40.53 | 238.78 7.46 34 91.81 372.73 | 11.65
14 43.00 | 250.78 7.84 35 94.24 | 372.62 | 11.64
- 15 45.46 | 261.00 | 8.16 36 96.67 371.84 | 11.62
E 16 47.93 | 271.80 | 8.49 37 99.10 | 370.46 | 11.58
17 50.39 | 282.4l 8.83 38 101.54 | 368.41 | 11.5]
18 152,86 | 292.95 | 9.15 39 .03.98 365.80 | 11.43
19 | 55.32 | 307 00 9. 44 40 [ 106.43 | 362.48 | 11.33
20 157.79 | 310,67 | 9.71 41 lios,av 358.68 | 11.21
21 |760.22 | 319.34 | 9.98 42 ,' | ,
1 ’ T wner | 111,07 354.45 ' 11.08 -
S ‘ ; I 73 R ‘
IR D ] | outer |11l.07 338.45 |

"Canopy gore-shaping coordinates.
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Thus:

Total open ;.rea = 5110.72 - 539,50 - 587.00 + 73.00 = 4057.22 sq in.
(34)

The porosity = {4057.22)/(28,953) = 14.0 percent.

Tihe following spot checks were made to determine local pornsity (open
space/total area):

For Space 6:

(146. 50 - 32)0.465 _ 114.50(0. 465) _
(146.50)2. 465 - 361.5 = 14.7 percent (35)

For Space 12:

]226.34-!32 X 2.12)]0.465 _ (158.54)0.465 _ .
(226. 34)2. 465 - s 557. 5 = 1%.2 percent (36)

For Space 16:

271, 80-(32 x2. lzgio 465 _ (204.00)0. 465 ’
L (271.80)2. 465 = L 6?0?00 = 14.15 percent (37)

For Space 20:

[310.67 - (32 x 2. 12)]0. 465 _ {242.87)0. 465
T(310.67)2. 465 181

¥

I
"

14.72 percent - (38}

For Space 24’:

340,30 - 32 XZ 12)}o. 430»

H

_ '.Tha poroclttu dnriwd in tho above c;lcahtionl. !rom cmter une of rib- |
- bon to center line of ribbon, show an increass in porosity from Space 12

~(mt the top of the verticals) going forward to Space 20. At this point,
the spacing dimension is changed from 0. 465 to 0. 430, resulting in 2
» ::p to lowor peronity. !rom wbieh point it ;pin increanes toward the

- 272 5)0. 43 l.g_,z}erCem o (39)
82e. S : '
2 2 8875 0. ‘3 = i4‘ 35 percant &Q’U’H

14.50 percent m;" |

v, Aipyr o e L
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SECTION Il - LARGE PARACHUTE CECELERA (OR AFFDL-TR-67-25
5. S3TRUCTURAL LOADS AND MATERIAL SELECTIONS
a. General
Parachute siructural elements, such as suspension iines, skirt band, rib-
bons, and reefing lines, were analyzed to determine the loads and select
the materials.
b. Suspension Line
The parachute is reefed to limit the cp:ning shock force or peak ioad
(Fy,) to a  -aximum oi 200, 00C 1b. Tken, assuming all lines are equally
loaded:
Fa = :"3-3% (42)
Where: |
Fsl = suspension-line strength
F_ = 200,000 1b
j = safety factor = 1.5
€ = confluence factor = cos Y‘ = 0.98
Y. « confluence 'nélf »angle
U = sgeam cfficiéncy factor = 0.80
Z = number of gores = 32
] o
» ‘ = 12,000 1b pQr iine
anudi.. ring the site 6( these lines anS the r'ipid decay of vehicle velocity,
heating e{facte will occur after the initial critical loadings {sse Item b of
. this te(‘han). I‘huo, 12, 000-1b mlpemicm .ines are required..
-~ Ribbon - & |

No ribbon atun;th data wers nvdhblt Ior the Mach 3 a.nd 10. 000-pa/
dynamic pressure conditions. However, relationships between ribbons
and lines are presented in Table 7-5 of Reference 23 (ASD~TR-61-579).

. In this table, 307 )-ib strength ribbon material is recommaended for use

with 12, 000-1b s wpension lines. ' Twice this ribbou strength was choaen

S te .woid vibbon t:r.qo The ribton strength was reduced from apex

8
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SECTION 1iI - LARGE PARACHUTE DECELERATOR AFFDL-TR-67-25

to skirt locations, as described in Reference 28. The strengths were re-

duced successively from 6000, ta 4000, to 300G, and to 2000 Ib. The lo= i
cation of the rear -most graduated step in strength, from €000 lb to 4000 g
Ib, is based on the canopy's inflated size at Mach 3. Similarly, the sec- 1
ond step, from 4000 ]b to 3000 b, is based on the cunopy's inflated size
at Mach 2.2,

iy

The canopy size at opening shock is based on that portion of the canopy
inflated tc the constructed contour. The contour matches the design open-
ing shock force (Fp) of 200, 000 Ib., From the circumference of the bubble
thus deiermined, the ribbon location is selected by using Table XIII {shown
in Item 4, b of this section}. To estabiish the constructed contour limits,
note the following sketch:

sy A

e . T ik B A

-

L~ :
¢ ,’ — CONSTRUCTED SHAPE - ;
! / '

.

- oo - -

g
i
8
g
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From this sketch:
F = XCp, Spq {44)
Where-
X = opening shock factor
= 1.5

p = | (assumed value for design) D _ _ P

9]
S
p'_ 4

(253

(45)
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SECTION I - LARGE PARACHUTE DECELERATCR AFFDL-TR-67-25
» At Mack 3:
k 206, 000
T e . $
Sp T %1918 14.5 sq ft {46)

|
: 47
g {(47)
g Circumference = 4.3(12)7 = 162 in (48)
g Last 6000-1b ribbon (Table XIII) = Ribbon 8 (49)
F
) ; At Mach 2.2:
i 200, 000
5 T b =
- g sp T.5(1)4940 27 sq ft (50)
¢
: £ —
: % Dp = ——E-ﬂ = 5,87 ft (51)
3 Circumierence = 5.87(12)7 = 222 in. (52)
Last 4000-1b ribbon = Ribbon 14. (53)
Ribbon 28 is the last 3000-1b ribbon.
d. Reefing System: Static Loads
Based on geometry, the reefing line and the reefing ring static loads can
be ralculated for a 200,000-1b peak parachute drag load.
For the maximum reefing diamecter, the stati¢ load solution is identical
te the skirt-band strength. The calculation follows the method of the ex~-
; ample for the minimum reefing diameter below. The angics based on
A 4 constructed geometry are 18 deg for the skirt and 8. 45 deg for the lines.
g The tension value calculated is FRi, = 5580 lb.
For the srallest reefing diameter (Mach 3 and the highest condition), the
A suspension-line angle at the skirt is assumed tc be 10 deg (note the sketch
8 at the top of the next page). :

From this sketch:

T = static hoop tension = Bt = 32700 . 5900 1

n = number of line

t = radial force/line

59

(54)
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o —— 8. EB-FT DIAM
‘}ﬁéc\\ \ * DEG
200000 L8 0 .

— ————— e .

“COSs 1A DEG / *--\
200.000 LB
N COSs 3 DEG
~
“
al = 200,000 (TAN 13 DEG - TAN 3 DEG)

= 35,700 L&

Censidering the dynamic loads as being several times more severe than
the static loads, greater reefing line strength was chosen,

A 12,C00-1b and a 6000-1b webbing were used together for LP-4 and LP-5
recfing lines. The reefing~line iayout and construction are shown in Fig=-
ure 24. The 6000~lb Type 4088 web was stitched to the larger web's in-
ner surface and serves as 2 buffer by bearing against the reefing rings.
The web's overall contribution to the reefing line's tensile strength was
less than 100 percent because of the different elongations of the two webs.

The ultirnate reefing ring lead, based on an 18, 000-1b reefing line, is
calculated as follows:

. Bt
TR (55)
¢ = 28T _ 2718,000 _ 3540 1y, (ultimate) (56)

n 32

6. THERMODYNAMIC ANALYSIS

A thermal analysis was made for the conditions following parachute de-
ployment at Mach 3 and 10, 000 ft. Calculated trajectory results indicated
that a large velocity decay occurs. Thermal analysis results indicate
that, during the first 0.2 of a second, the edges of ribbons and the skirt
band experience a temperature rise to about 500 F, The greater portion
of a typical ribbon's mass is relatively unaffected during this 0.2 of a
second. After this period of time, the adiadatic wall temperature falls

to below 500 F. :

A calculated trajectory for deploying this parachute is shown in Figure 25,

60
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Figure 25 - Calculated LLP~9 Trajectory from Deployment

Deployment conditions at time zero are (1) velocity = 3230 fps and (2)
altitude = 10, 000 ft. In one second, the velocity is shown to decay to
about 1000 fps, accompanied by a slight rise in altitude. Subsequent de-
celeration reduces the velocity to a low value at an almost constant alti-
tude.

A schematic of a reefed hemisflo parachute and its roof clements are
shown in Figure 26, The roof elements are veriic.is and horizontal rib~
bons. The horizontal ribbons are beaded, while the verticals have a

- rectangular cross section. In the roof structurs, the ribbons and verti-

cals cross and are normal to each other. Rectangular openings are
formed by these elements. Assuming that upon deployment the para-
chute envelope {ills out as shown in Figure 26, then the flow through the
parachute envelope is governed by the dimensions and by the number of
these individual roof openings. When the flow is supersonic and the en-
velope is filled, a strong shock can be assumed to stand forward of the
skirt inlet. The pressure inside the envelope approaches stagnation
pressure. The ratio of envelope pressure to the pressure around the
parachute envelopse i grmter than critical, and oonic flow exists at the
openinge. : :

Under these conditions, the heating of a roof opening's edges can be
based on the flow through an orifice. The heat tranefer cosfficient can
then be calculated as follows (uo List of Symboh in preliminary pazu

SR T
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HORIZON AL RIBRON

-/

VERTICAL RIBBON

SKIRT BAND  gueppnsion LiNES

n) e FLOW

FLow SKIRT BAND LEADING EDGE

Figure 26 - Reefed 16-Ft D Hemisilo Parachute

40.2C Py 0.8/ \e.1lf ,\o.9o
¥ =10:026 t& ) =t A o (57)
D' 0.2 p 0.6 ';:T T A
t r e
(4]

This equation, obtained from Reference 29, represents the convective
 heat transfer coefficient for turbulent flow through a uoesle. Since the
equation is derived for nostle flow, the roof openings can be represented
 as circular orifices by using the hydrauvlic diameter of the rectangular .
openings and by treating the flow ae that through an orifice. - The radius
of curvature (re) can be assumed to be the ridius of curvature on the
. horizontal-ribbon bead. . . : e
_Assuming ths beads shown in Figure 27 are cylinders of infinite length
surrounded by a gas at stream temperature at T .. a transient one-

dimensional equation for surface-heat conduction can be written. For
such a cylinder, the condition of haat input at tha surfacs, neglecting any

out radiation, is
' An approximate solution of the previous equation is available in Refer=

._;_:_._,,';.-;30.-_ assuming an average adiabatic __wau temperature during a given .
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Figure 27 - Thermal Mndols

time interval exists. Sirce Figure 25 shows the critical decoieutxon -
time tc de 2pproximately one second, i iilidge thermai eavironmen:

- for small increments of time during this period should be a good approxi'-
m&ﬂon for dctcrmiuing the: thermal vuponu of the bead material.

- A iinilu approach can be ducnbcd for the akirt band tha? £ormo tho
' londing edge of the decalerator, ‘assuming a strong shock exists «: tlu
‘skirt islat. -That such & shock ie present in the immediate vieinity of -
the skirt-band can also be assumad by looking a* the skirt-band lip.". lm
»_ wied skatch of misz;xawing edge s shown in Figure 27. 2-vsuming
ed upon crowsing the shock and then éxpands around.
tdge to the point whare sonic velocity is reachad, muim%
occnr st this point.  For turtulent m}y ]iye:' ﬂo\v,
0 mcm: m_b- ctlcuhhd using

m oqutian is .vuuu at the n..ie‘
ddlm of h&mbu. Duw o
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Temperature response is calculated in a manner analogous to that used
for the bead. However, a semi-infinite slab is asgurned to be heated in
the cylinder's place. The heat-input condition at the surface from a fluid
at the adiabatic wall temperature (T ) is:

h{‘rm - T(0, » )] = -k %‘ (0, 7) (60)

An approximate solution of this equation is also availahle in Reference 30
if the same assumptions are mace regarding the external thermaul environ-
ment.

Thermal analysis results are shown in Figure 28. The adiabatic wall
temperature assumes & turbulent toundary layer flow and is shown as a
function of time. At the instant of deployment, the adiabatic wall tem-
perature is about 800 F. In 0.2 of a second, the adiabatic wall tempera-
ture drops to about 450 F; in one second, the adiabatic wail temperature
decreaaes to 100 F. Figure 28 also shows the teraperature rise on the
surface of a bead element fabricated from 90-mil diameter nylon yarn.
The weight per unit area of the 2000-1b strength beaded nylon ribbon was
established at 0.92 1b/eq yd. The thermal conductivity value was 1.7
Btu/hr-sq ft-F/in., and the specific heat value was 0.5 Btu/Ib-F. The
latter is an average value. The average heat transfer coefficient over
~the first 0.2-sec time interval was calculated to be 563 Btu/hr~sq ft-F.
These values were used to evaluate the temperature rise in the bead using
the temperature response charts contained in Reference 30. The surface
‘temperature was calculated to rise very rapidly in the first 0.1 sec until
it equaled the adiabatic wall temperature at about 0. 15 sec after deploy-
ment. The temperature rise at the center of the bead was calculated to
be zero over the same time int:rval. Since deceleration continues, the
.ln'rface tempera_ture will decline to the amtient level.

The temperature rise on the skirt band's s leading edge is also shown in -
- ?Figuro 28 as a function of time after deploymcm. The surface-tempera-
" tura rise at the sonic point of the skirt tand's leading edge is calculated
~on the basis ol a semi-infinite slab solution. The temperature-gradient
- inside a slab solution is practically nonexistent, except fur the first few

" ‘mnils of depth from the leading edge. The surfacs temperaturs rises to
about 540 F in the first 0. 15 sec from dcployment. t!\cn coolc during fur-
ther dcmlcntion. ’

The thermal analylu ot plnchute materials iudicnu that dw aurhcu

at the edge of the ribbons and at the skirt band's 'eading edge experience

- - an initial rapid temperature rise. However, the velocity decayes so rap-
- idly that aerodynamic heating becomes nonexistent after the first recond.
Because of this rapid velocity decay, the interior of the materials experi-

' ence little tamperature rise. Nylon-edge surfaces .. y expsrience sur-
. face fusing during the first 0.) s2c following deployment. The tempera-
. ture rise on the flat surface areas of the ribbons will be substantially .
" Jess than the temperature of the edge surfaces dmeoamm:hhwum
transfer cosfficient. Because of ths extremely short time interval fog"
“high heating rates and the predicted absence of thermal danage, i8*

- s*trumentation for m-nurtng Iru-ﬂtght tlnrmal eowtinn- wu aﬁ'
»ommonicd ”
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Figure 28 - Temperature versue Time from Deployment

7. MATERIAL, SEAM, AND JOINT TESTING

- The buie nutsrhl nnugﬁn o( all vubbing and rib»:on typn used in
- _the design and construction of the canopies were determ:aed by tusts in
. accordance with Federal Specification CCC-T+191 {Refarence 32). Criu-
. cal Joints and seams were also tested in accoidance wiﬁi this specifica~
~7 thoms . The test results given in Table XIVindicate thé actual strength cf
. the basi¢ material used in the canopy coumct:mu ‘l’ho ramnindﬂ of
m diacunion d«h with ssam md joint !mﬂns

f:_::-ltinm : | SR

< The. n!om !cr tha mn bm is D.mx “ of m«ntng smms-azs L E
o {Reférence 33). This baud consists of two turns of MIL-W 27657 {Ref- . S -
.- erence 25), Type VI, wetbing with three thickuesses at the spiice. The & .~
splice is two snparasw S-point~crose-stitches, sach 1. 78 in. long. Num- €
bog & cord is used with 5 to 7 stitched per inch. hm.: t‘:& cww Rl 4
iﬁum tt.-ﬁn-mm Iho mu! related uwin; e L

?. : Wm.w.munmuw»yu-m.yxm. oo
th Stitch; & tanetle vest of this sarlier oonﬂmamn hndinw A
uﬁﬁmom&«twww.- . _ : :
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Bt
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TABLE XIV - MATERIAL TESTS'

Rated Ultimate

. Width oty th *Qhﬂ‘l 1 "
Specimen Material] (in.) (1] Application No. (ib} Failure type
T ;1-27057 Nylos |1 6,000 | Reinforced ribbon, 6230 Jaw failure
e reinforced web, sur-
pension line 6350 Jaw failure

Gage length = 6 in,
Loading rate = ] in./mis

5980 Jaw failure
6060 Jaw failure
5840 Jaw failure
4280 Jaw failure
3700 Jaw f(ailure
3600 Jaw failure
4480 Jaw failure
4120 Jaw failure

MIL-W-27657 Nylon 1-3/4 8,700 | Vent loop, ring re-
Type IV tainer, vext band

Gage length = 6 in,
Loxding rate = 1 in./min

MIL-W-2T7657 Nylon 1-3/4 i 10, 000 Skirt band 4260 Jaw failure
Trpe Vi 4140 | Jaw failure
Gage length = 6 in. 4770 Jaw failure

Lasding rete = | in./min 4550 | Jaw failure

4490 Jaw failure

MIL-T-5038 Nyloa 1 1,006 | Tie loops 1130 | Jaw failure

Type IV ‘ 1230 | Webbing lailure

Gage jeagti: = 6 in, 124¢ | Webbing failure
Loading rare » | in./min 1190 | :Jaw failure

. ! . 1200 Webbing frilure
#:5—5033 Nylom 9/16 $00 | Vertical ribboa 581 Jaw failute
. CA‘. Joagth © 6 i, 338 Jaw fajlv.e

430 Jaw failure
301 | Jaw tailure
%4 Jaw {ailure
822 | Webbiug tailure
830 Webling Iatlure
N Waebbiag failure
840 | Webbing failure
2 | Webking failure
3900 | Jaw tailure
.13 | Jaw tusture
. e Juw Gailure -
3812 | Ridbon faiders
1910 | Pivben failure
3050 | Ribbom fallure .

Loading rate » 1 in./min

MIL-T-5%0% Nylon 2 | 600 ! Reinforced we»
Type ¥ . ‘

GA.‘ kagﬂl v bin .
Lm rAte 7 Ih/ndu

rm ms © . wemem 12 | 6000 | ttorisontal ~dven
| Gage leagth 6 in. L ‘
';_mm-tbh/m

Tyt Ivomex fa | 3,000 | Heriseniai rivhen
 Gage longth « b ia. -t : S ’ W10 | Misben fatlure
'mm-lu’m- ‘9089 mwh“
»nie nmumm
_t*mim Nl [ ewan (E 1 2,008 Merisewal rivbes a0 m&uuwdu.
ags longth: AN T S i R S AN | Ridbew faibure

g SR8 | Subheen Dniture -
}oodien. | Rikben tilture
FITERS n.a-mum
i ] Jnm
5138 | Jaw sidare.

I e W M W e B e e M WS e A AN e RSN RN e e W N B e W N~
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(2)

3)

Horizontal Ribbon Seams

The reference for the horizontal ribbon seams is Detail J of Drawing
530A005-016. These seams are designed to approach the strength of the
parent material. The sewing pattern for all the horizontal ribbons is a
3-in. -long, 5-point cross stitch, using Nomex Size FF thread with 7 to

9 stitches per inch. Static test results are presented in Table XV.

TABLE XV - RIBBON SPLICE TEST RESULTE

Ribbon
type Rated - Ultimate

Nomex strength load _
no. (1b) (1b) Failure type
1746 4000 3500 Ribbon at stitching
1746 4000 3330 Ribbon at locp end
1746 4000 3550 Ribbon at loop end
1747 3000 2650 Ribbon at stitching
1747 | 3000 2800 Ribbon at stitching
1747 3000 | 2700 | Ribbon at stitching

¥
Loading rate = 1 in. /min

Vent Band
The referance for tha vent band is Detatl A of Drawmb 53OAOP5-OIS Te

‘achieve a seam strength approaching the 17, 400-tb urargth of MIL-W

-~ 27657, Type 1V webbing doubled. the following procedure ia used. Two

- three-point cross -stitch patterns, using Number 3 cord with 6 1o 8 stitches
per inch, are sewn acroas the webbing.. These two patierns are acparited o

by a suspension line whose sewing alao goes throuzh the vent band. This

BT

configuration repiaced a 6-in. -long, 4-point crose-stitch seam s! & ~urde.

'_chh tested at- lS 756 and IS 650 ib for two inmﬂ!sa. =

Suapcnnon I.&m mpt

The scurte for the tuupmsiau uno inops is s. son P»P of Duwmg

530A005-016. For these ivops, MIL~W<27657A, ‘Typs LI, webking with

8 rated strength of 6000 Ib is used in pairs to form the suspension ﬁnam e
A 6-&- v 3+point cross-stitch of Number 6 cyrd ix used to form the end

~Two seams are used to join auch suspeanica Mne pair. The cun-

- 'ﬁgr-.ntion tested {s showa in Fi;uu 29 The. usn!u u,( ﬁu tests ars pn*

@

Ruﬂng Line ‘!‘cn Vum

A nma,mw.&, Tshh m :hovn tha lmp mt vah.n ot :x plir of

SRR




SECTION II ~ LARGE PARACHUTE DECELERATOR

Yl
=

s SR NS SR S8

AFFDL-TR-67-25

H

ol

-

L

~ F i'gﬁiﬁ%? = Suspension Line Loops Test Spescimen -

" TABLZ XVI - SUSPENSION LINE LOOP TEST RESULTS

. Ultimate v
\ - | Rated atrongth load™+ B '
: Webbing typc (it) -~ {18) Failure type
"“Nylon, MIL-W- 24, 000 | 21,400 | Webbing at stitching
(. 271657 Type Il 24,000 | 19,700 | Webbing at pin
I | 24. 000 21,200 Wbein. at atitching
!'onr webb%agm L l
Lctding ut:a =3 in. /min

'.".’kMZL-'-2765‘I Type 11 wcbbhp on top of each uther. m:c valuss are

* typical of the reefing liae test values using ). 25+in. ~diameter loading
.~ pins. The resfing line tension ctp:lbinty would be ono-iull of ﬁuu values
ornzoo/z-msoolb. o _

" Loop tests mn made of a m-w«ou. ‘l'm xxm vobbinl on aop of
o ous MIL-W-27657, ‘Typs 1IL, webding, using 1. 25-£a. «diamater loading
: pinl Axa ultimato loop value of 28, 200 lb was munrod. «mh failure

R e S
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SECTION IlII - LARGE PARACHUTE DECELERATOR AFFDL-TR~67-25

occurring at the pins. Reefing line tension capability will be at least one-
half of this value or 25,200/2 = 12,600 Ib.

Suspension Line/Skirt Band Joint

The reference for the suspension line/skirt band joint is Detail L of Draw-
ing 530A005-016. This specimen, which was fabricated according to the
drawing, was tested by initially applying a 2000 skirt band load and then
loading the suspension line in a 30-deg direction. Figure 30 depicts the
basic specirnen configuration, The : esults are as follows:

1. In Test 1, the stitching failed at a 2870-1b skirt
load and a 3800~1b line load.

2. In Test 2, the stitching failed at a 2960-skirt load
and a 4900-1b line load.

Reefing Ring Aitachment

The reference for the reefing ring attachment is Detail L of Drawing
530A005-016. Direct attachment of the reefing 1:ng to the skirt band is
made by means of (1) a MIL-W-27657, Type IV, nylon web (=35 of draw-
ing) and (2) a keeper of MIL-W-5625 (Reference 34, -41 of drawing) of
4000-]b streng*h placed around each &nd of the -35 web. Each of these
members ‘s sew." to the skirt with a box-stitch pattern of Number 6 cord,
wita 5 to | stitches per inch. The test setup is shown in Figure 3i. The
test results are as follows:

i. For Specimen'l, the stitches pulled out at a 6685~
1b lpad :

2. For Specimen &, the sntche: pulled out a 6260-1b
load

DESIGN AND FABRICATION

" Gener

 The test item plnchnte packed in ite deploymont bag, and the pua: para‘_

chute packad in its deployment bag form the teat decelerator package as

_ - it is stowed into the test Vehicle A test container. The stowage arrange-
ment is shown in Figure 2 (Section LI). : _ '

u-h' Ay ‘lomet 2

; .Duwing 530A005-016 Rev E (Ro{ercnco 33), presents the test 16-ft
‘hemisflo parachute sasembly. The car~py consists of 32 shaped gores
" . _to produce a hemispherical contour, with o 10-percent extended skirt,
" ‘T'he skirt.is & corntinuation of the spherical cuntour, and it has an arc
~length ¢qual to 10 psrzent of the meridional perimeiar of the hemisphere.
.. Each of the 42 horisontal ribbons ie & continuous hoop with a single splice
. and a beaded edge. Th: horinontal ribbons are graded, and thu strungsst
ribbons are near the top of the canopy.  Tka splices of the ribbons are
. luuorad faiom gors to gcre ina opinl to minimire nymmotry of
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! m 3KIRT BAND
R

SIRT BAND '-@-E

BUTTERMLY

LINE LOAD

30 DEG

i Lure 30 - Suspension Line Skirt Bard Joint

LOAD

Figure 31 ~ Reefing Riag Attachment Test Configuration
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ie

material placement. The suspension lines consist of pairs of webbing

that becocme the radials at the canopy, with the ribbons sandwiched be-
tween the lines. The 32 auspension lines are formed by placing across
the canopy 16 continuous pairs of webbing from adachment loop to at-
tachment loop.

The skirf band consisis of two turas of webbing. The first turn of the
band is Ribbon No. 42; the skirt band/suspensio. line joint is reinforced
by a doubler web (=17 web) plus a butterfly arrangvmnnt ot the =15 web.
The second ard cuter turn of the skirt band webbing i8 not attached at the
sugpension lines but at midgore in conjunction with attaching the reefing
rings; this turn is 1€ in. shorter than the firsi turn and forms the pocket

band: acrosse alternate suspension lines.

Weobing loops are attached te the suspension lines (see Detail W of draw-
ing) for tying the deployment break ties. Leather cuffs are added to pro~

" tect the lines against scuffmg damage from the rear edge of the test item

sontainer.

The reefing line strengths and lengths are determined by computation with
respect to the desired test point deployment conditions. The reefing line
is inserted into the reefing rings and then sewn together to finai dimen-
sions. Two Sandia heavy duty line cutters are used for disreefing. The
canopy is folded in a conventional manner aind placed in the aft end of the
deployment bag (Drawing 530A005-017, Reference 35). Eight ,00-lbbreak
ties of MIL-T-5038, Type V, tape attach the canopy to the bag {(Reference
36). Four ties are made at each of two levels ¢n the canopy; each tie is

‘made by gathering alternais suspension lines over a quarter of the canopy

{4 lines) and passing the tie tape under these webs at a point immediately
forward of the two intermediate reinforcing webs (~19 and <21 webs).

The canopy is locked in position by a separate locking loop {Drawing
530A005-017-33), which is released only by extracting the last fold of

the auspension lines. _The suspension lines are gathered into two bundles,
and each bundle is attached to its respective bag panel. Each fold is tied
to the panel with 3 250-15 break tie of MIL-T-5038, "'ype III 0.5~in. -wide
.ape.

Pilot Parachute and Deployment Bag

The pilot chute {Drawing 520A005-303, Reference 37), a 48-in. ~diameter
hemisflo, is ‘aacked in its own deployment bag (Drawing 530A005-019,
Reference 38). It is stowed on the back end of the main chute deployment
bag, and its suspension line# are attached to eight points on the main
chute bag. Two knives ars employed for pilot chute deployment. One
knife is actuated by the pilot chute bag bridle; it releases th= pilot chute
pack from the main chute deployment bag. The sccond knife cuts the

‘locking cord at the front of the pilot chute bag, it is actuated by a lanyard

to the back of the main chute bag.

Fabrication

All fabrication prnvcedufél réquiring dimensional measurements and
marking were accomplished in & room with ambient conditions maintainad
at a tomperature cf 75 F and a rehtive humidity of 50 percent. Alllayout
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R

ami marlung of weba and ribbons were accomplinhcd in the same room.

Prior $o marking, the webs and materials wore unrollsd from the raw
material atocks and leit "relaxed" for a minimum period o. 24 hours.

Aa 2 guarantee of fina! dimensional assurance once assembly was started,
the rnaterial was kept in the controlled atmosphere except for brief peri-

-eda as requirad for sewing operations. Templates were used for the
_large parachute vent band and gore layout to aesure uniformity of paTa~

chute layout and fabrication.

DEPLOYMENT SYSTEM AND PACKING PROCEDURE

Deployment System

“The sequence of the test item deployment system (Reference 39) is shown

in Figure 32. In Szquence 1, a timer-actuated shaped charge begins final-
stage booster separation. Its cutting actior allows the opening of the
spring loaded drag plates. The booster case is decelerated by the drag

force acting on these drag plates and on the booster case. A small metal
drag cone is attached vo the rear half of the test item contairer by a riser

line and to the booster assembly by three Number 10 acrews,

In Sequenca 2, drag cone riser line stretch has occurred, breaking the

three Number 10 screws and freeing the cone from the booster assembly

o Sequence ‘3 is initiated by a shaped charge that cuts the cylindrical test

item container at midsection. The drag cone then removes the rear half
of the test item container.

‘In Sequence 4, the movement of the rear half of the test itern container _
- tas caused the first knife to release the pilot chute bag.

This movement
exiracts the pilot chute. The position shown is at partial extension cof the
pilot chute suspensivn-lines and whera the second knife will cut the loclk

- - cord on the pilot chute bag, thus releasing the remainder of the suspen-

sion lines® and the canopy.

In Sequence 5, several events have occurred. The pilot chute has been
deployed, and the canopy-to~deployment bag break line is broken. The
pilot chute is ext cting the test item deployment bag. The bag lacings
have been cut, an. che test item suspension lines are being extracted.

Broaak ties of 250-1b tape are broken at regular spacings along the lines

to ensure orderly line deployment.

In Sequence 6, the lines are at full extension, and the canoony lock is un~
locked. Eight 500-1b break tias (4 each at 2 levels along the canopy) be-
tween the canopy and the bag will be broken to stretch the canopy and ar-
range it for filling.

In Sequence 7, the test item is shown at line stretch, following breaking
the *wo apex-~to-bag lines. The first 4000-1k line is 4 ft long, and the

 second 4000-1b line is 8 ft long.

Sequence 8 shows the test p'uWac}“uﬂxte' inflated in fhe reefed condition,
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SECTION Il - LARGE PARACHUTE DECELERATOR  AFFDL-TR-67-25

The final sequerce, not shown in Figure 32, consists of disreefing the
test parachute. Digreefing is initiated after a Z2- to 3-sec interval.

.'.’..'*__Flgg '!i;‘i’l:gcedure .
(1) Falding Canopy

The canopy is foided in pleats as shown in Figure 33, Temporary ties
are mude in eight places. Each tie is around four suspension lines in
each quadrant as shown. Four ties are just forward of each ribbon rein-
forcing web (Ribbone 15 and 29). MIL-T=-5038, Type V, ribbon (500 lb)
is used for the ties. Temporary bow knots are tied.

(2) Tacking and Arranging the Suspension Lines in Bag

Lines are tacked into four~-line groups, one four-line group to each of the
eight attachment loops, as follows:

‘1. A group of 4 adjacent lines are laid on a long table,
and a light tension is applied (approximately 20 1b)
to the group, keeping the akirt ends lined up.

The firot tack is made 66 in. from the skirt. Ad-
ditional tacks are made to the loop end at 20-in.
spacings. , '
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3.- Biggk nylon size FF thread is used, making a sin- )
_ gle turn through the four lines, as shown in the fol- L
lowing sketch: .o [

FF THREAD . x
‘x”.‘
Ll
( - R { 4
{ J | — - | ¥
1. 1 -
L - . | L ——

4. The above steps are repeated.on each of the leven '
remaining line groups of four suspension hnel.

Attachment loops are arranged as follows' e
" i. The eight locps are laid in line as uhown in Deta.:l W
(13-D) on Drawing 530A005-016 R IR

g R . .
V] o, : .

] - 2. A one-inch-diameter matal tubc i mlerted tbrough
! ) - the first four-loops (No. .4, 3, 2, 1), and another -
: : tube is inserted through ,oopl Nd. 8, 7, 6, .md 5.

3. The first four loops are hed {No. 4, 3, z 1).
‘and the second group of fokr loops (No. 8 7, 6, 5)
is rotated into the pooitxon shown in Figure 34A. L
A temporsry tie is made in this poaition with heavy s .
cord.” - R

4. The 1ine groups are stacked as shown in Figur& 34B. -

- Temporary ties are made around each of the 16<line i e

stacks with colored cord or ribbon. The ties are o -

. spaced at Approximately three—‘oot mtarvall &Iong
“the Mres. . :

oy 3

~(3) Imtaliing Reafing Lim VR B | - 1:"” |

: "The reeﬁng iine. is laéd aut a 'htwn earlier in ?igum 244& snd ltitc‘tcd

S together using two rows of F'F thread. Ring locations and line numbers
“are on the stenciled innor 'welk The line is inserted into the canopy reef-:
‘ “a& “ﬂ shown in Figure 24B. The lines are tacked to .
xecord b.ckl thrcugh ths .in and a.round tho ring

{ 800+16 cord is tied to the vent loop ard to the . |
iﬂn dcpiaymmt hac Thc vent loop is tacked together nsar. 8 IR
Tl\o vent s mckod into the foldcd N

s The bag mh are i&bﬁ 'ug.zhn loowsly with MIL-W-8625 9/15-&. aride
rob {1500 lbic Z’hm mlu notmunodao yct. and thatuchd uat e
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SECTION Il - LARGE PARACHUTE DECELERATOR AFFDL-TR-67-25

is placed at the bottom of the bag. The canopy is folded to tha first fcur
canopy ties, Item (1), above. The temporary bows are removed, andeach
.. break ribbon is installed into its respective loop in the first tier of tie
 loops in the bag panels. The canopy is folded to the second group of four
.canopy ties, repeating the above steps, then tying into the aecond‘ tier of
_loops (see Figure 35A). Folding of the canopy into the bag is continued
| .. until the skirt is in a circular bundie with the skirt plane perpendicular to
o AT the b&g centerline and the cutter pockets folded 90 deg inward.

: (6).‘» Armmg Rocfmg Cutter

The lhear pm, charge, firing mecham.m. and arming lanyard are in~
stalled in e2ch cutter. The lanyard is MIL-W-5625, 9/16-in. -wide -web
(1500 1b). 'A very short bowline loop is tied in each end to make its total
length 5.5 in. The fold in the corresponding lulpennon line is placed
over the cutter pocket.and tacked to the cutter pocket in two placel with
Mx-cord ao that the lanyard is slack. S

(7). Inltallmg Canopy Lock . .

- _ The Duwing 530A005-017-23 lockmg loop is pontioned in one of the 12rge
. wab loops in the deployment bag by hand-stitching with a minimum of six
T ’ stitches of six-cord. The reefing cuiters are positioned axially in thas

T skirt bundle and approximately midway between the center and the out-

( skirt bundle and toward the open side of the bag. The canopy locking loop
‘" is installed through the remaining three large web loops in the bag and
) through itself to form a secoud loop through which the bundle of suspen-
" sion lines is to be inserted. Note that-the first {cinching) turn of the lock-
ing loop is placed over the suspension lires and not around them. The
‘loop of suspeusionilines is then insarted through the second loop of the
+ 1 . «canopy locking loop and adjusted so that the lines are ail aligned. The
" :_npper portion of the lockm; Xoop is vinbze in Figure 35B. :

‘h,i L&m groupc are divtdod 80 Linu I ﬁ\ruugh i6 go to one bag panel and
%4néu 17 through 32 go to the other. Line bundles are folded into the bag
S iw*it?wat twisting) forming 20~in. loops. -Each bundle loop is tied to the

. tbag panel tie loops, as shown in Figure 35B. A single turn of MIL-T~
5038, Type V, tape (500 1b) is used for each tie, and each tie is passed
thzc;uata the loapo yrovidcd on tha -uaponcion un.-. A our;o\m‘l knot is -
”. PRI .

Tb«ﬁu&chmut iaop spucu are mcked bm«n thc bag and thc line Ioopo
as edown in Figure 35C. Each loop is tacked to the ba; with the knots . .
‘»pllqd,,cn:ﬁge. Doublcd bhck ch-ccrd is used.

Leces are pulled up successively, using s holst.

‘side of the bundle. A short length »f the suspension lines is laid over the -
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(A) INSTALLING CANOPY TIES

PRt e R T ol

(B) STOVING
SUSPENSION LINES

- Figure 35 - Parachute P&cking Procedure
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(1)

az

{13)

L (14)

| ‘center of the main

‘te placed in position: on the main bag, and & MIL-C<5040, Type 1IL, cord
) g 5;550 1b) is paug_d *;h 3 . tbtloop- of the main Bag, as shown in F:gme
5 ‘f_»_'a u\;rnon'l knot.

lnatﬂling Vent Brsak Cords and End Panel

Two break cores are installed, one with a finished length of eight feet and
the other with a finished length of four feet. Both cords are of MIL-W~
5625 1-in. -wide webbing (¢000-1b rated strength). The ends of each cord
are tied separately into the vent lcop and intc the bag end panel with bow-
line loops. The vent loops ave tacked in the same manner as in Item: (4),
above. Cords are folded into place, and the end panel is laced iato the
bag »sing the 1500-1b web for lacing.

Installing Knife Lanvards .

The bag lacing is removud down to Grommet 11. The knives of the lan-
yard (Drawing 530A005-017-107) are tacked at Grommets 1 and 10 on each
panel in the fold of the flan, White six~cord is uced. The excess length
of the lanyard is tuciked over the end of the flap and into the pack. The
loope of the lanyirda are placed over the nearest attachment loop and
tacked in place with FF thread (lee Fxgure 36A,.

Installing Spmukr Iﬂopl
' undt oi MIL-W-5625 9/16~in, -wide webbing

Twelve-inch looﬁl az

V {1500 1b) through Grommets 2 and 11. A four~-inch lap eglice with 3-cord

is lnnd-ctitchc& {iee l‘smc 36.&) The excess is tucked into the pack.

;Inataning Droga OR ‘

" The drogue paru:im “,»lutptnsian lines are attached 10 the main bag using

eight MS24553~1 Links.  The bag-opening knife lanyard is atiached to the

bag.end panel with a bowline loop. The drogue bag

The cord ii

’_6-903'&.

L m. iront packin&» Jate 4

R
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eI PRONT PACKING PLATE INSTALLED |

| Figure 36 - Packed Parachute
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A phonomenon not cem\dnrpd in the ;mlyﬂcu sppreach is the strastch of

associated with the flight tests. The flight tests also disclosed excellent
system and inflation stability when the parachutes were disreefed in the
transonic and subsonic regimes.

Aerodynamic Loadings

Three approaches were considered for determining the reefing dimensions
needed tc attain a maximum opening load of 200, 000 1b:

1. Using wind-tunnel steady-state drag values and
appiying an anticipated opening shock factor

2. Using an analytical approach consisting of a drag
term based only on shape and a2 mas#-acquirition
force term

3. Using flight test data as they become available for
empirical predictione

The first approach could not be used with confidence because the steady~
stat. drag values varied markedly between different size wind-tunnel
models of the same configuration. Therefore, the second approach was
~ndertaken to calculate the reefing line lengtha (Item 3, d of this section).
This aimplified approach included only two basic terms. The firet term
used an estimated shape~drag coefficient based cn inlet area, and the sec-
ond term "vas bued on the rate of mass acquired by the parachute during
opemng .

As fl'xghe test data became available, reeii‘ng line lengths were predicted
empirically. Thess values were used in conjunction with the values pre-
dicted by the ana!ytxcal apprcach to salect the recfmg line length for the

next test.

Evaluation of thc limple analytical appro:ch using the flight test data in-
dicates a godd opening drag for~e correlation (Figures 17, 18, and 19).

. However, inspection of the two basic terms making up the predicted drag
-force -i'n,.dict&u the shape drag term value is low and the mase acquisition
- force value is kigh compared to the correspcnding {light test values.
. Tha flight data indicated a shape drag value of app oximately 3. 35 based
" on the inlat area, compared to 2.56 or 2.58 uzred i1 the analytical ap~
-~ proach. The predicted mass Acquisition force vaine was high because

the pradicted {illing tirne was too high - approximateiy one-tenth of ths

 actual filling time.  Since ryass acquisition force is directly reiated to _
filling time, the pmdicmd mass acquln:ion foree was an crder of magai-
S tle hxg!u : S .

'This high mung results from tiu difforencc bevwsen *he calculated inlm

rate and the calculated exit rate. The inlat -até is based on fres stream

valnes. Correctinn to thoss values should consider the vehicle wake of« -

fects and the parachute suspensioco lines. The exit calculations corsider
only gecmetric porosity and the surface of the hemispherical pertion of

the caxopy. T‘hc:e assumptions require furiher cantidc-&ﬁon. _
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the reefing line at peak load. This was most apparsnt from the LP-3 re-
sults, where the reefing line parted near peak load. An inlet arsa in-
crease of approximately 12 percent is apparent {rom inspection of Fig-
ure 7B. ‘

Based on thege evrluatione a raore complete amﬂylis is required to pre-
dict with accuracy the values c{ the terme that make up the opening load
equation. Such an analysis should consider:

1. More accurate drag coefficient for the shape of a
reefed parachute based on its inlet area

2. Reductions in inlet flow rates due to the forebody
wake and the parachute sugpension lines

3. Increases ir load due to the stretching of the reef-
ing line under load

The empirical approach (Item 3, ¢ of this sectior) indicated a reasonable
correlation for opening load coefficients hased on either reefing line length
or inlet area (Figure 15). The values based on inlet area remained ap-
proximately constant despite increasing Mach number and amaller inlet
sizes.

Geometry

Reviaw of the free-flight fiims indicated a firm shape of the reefed skirt
and the canopy ~ibbons. Based on these observations, no change is rec-
ommended for changing the canopy porosity, distribution of porosity, or
configuration.

Structure

Inspection of *he pare . hute after each test confirmed the lack of thermal
effects on the structure (Item 6, above, of this section) and the adequacy
of the canopy to withstand the loadings (Item 5). Failures were associ-
ated only with some suspension lines during deployment of LP+-4 and LP~
% and the reefing line on LP-3. The Nomex ribbons and verticals with-
etood the opening shock loadings without apparent damage. Where the
light verticals were attached to the heavy skirt band, some fraying had
begun locally. The nylon skirt band, reefing ringattachments, and butter-
flies were undamaged. The reefing lire, which was broken on LP-3, was
increased in strength for LP-4 and LP-5 and suifered no damage in the
tests.

Deployment System and Packing Procedure

The deployment system and packing procedure {Iten: 9 of this section)
was satisfactory with two sxceptions: (1) in the last 2 tests, 4 of the 32
lines were broken during deployment; (2) in tna LP-5 test, the packing
position prevented the lanyards from initiatii.g the cutters prior to lan-
yard failurs.

Based on these results, the following steps are recommended to reduce
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: - line damage: increase the length of suspension line folded on the canopy
E side of the locking loop, and locally add Teflon sleeves to the lincs. Re- A
A ~ positioning of the packed cutters to produce a straight pull fos initiation P
. ~ of the cutters is also recommended. ‘ P
P The drogue design and the approach of reefing the drogue for similax de~ ‘
pioyment acceleration in each test provided 8moeth deplcyments with a ;
= P constant set of line and canopy ties. E _ F
v !
P ! i
N
|
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%
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SECTION IV
TEXTILE BALLUTE DECELERATOR

GENERAL

His:ory

The objective of the BALLUTE effort under ADDPEP (Aerodynamlc
Depioyable Decelerator Performance-Evaluation Program) is to establish
the configuration, 'oadings, design, and structural materials for an as-
cending 4G0-1b payload, for an application domain ranging from Mach 2.7
at 73,000 ft to Mach 10 at 210, 000 ft, and for dynamic pressures to 540
psf. The textile BALLUTE (TB) dacelerator effort discussed in this sec-
tion encompasses work involving TB-1, TB-1A, TB-1B, TB-2, TB-3,
TB-4, TB-5, and TE-6.

Textile BALLUTEs TB-], TB-1A, TB-1B, and TB-2 werz designed and
fabricated during ADDPEP Phase I {(described in Refererice 1, Technical
Report AFFDL-TR-65-27). The TB-3, TB-4, TB-5, and TB-6 test
items were designed and fabricated during Phase II. A Phase II attempt
to deploy TB-I was unsuccessful. However, TB-1A, TB-1B, TB-2,

TB-3, and TB-4 were deployed and performance-evaluated during Phase II.

The design, fabrication, and free-flight tests of BALLUTES were inves-
tigated in Mach number increments to Mach 9.7. Problems involving
inlet basic design and location were resoived and proved by data obiained
from wind-tunnel and free-flight tests. Exc~llent results were obtained
in investigating the use of liquids to cool Nomex BALLUTESs so as to ex-
tend their performance capability, -

Test Point Conditions

The anticipated test environment was established by trajectory analysis
within the capabilities of the test BALLUTESs and the test vehicle/booster
combinations (see Figures | and 2, Section II). Each trajectory consid-
ered the aerodynamic, thermodynamic, and structural flight envircnment
required for validation of theoretical design techniques and for compari-
son with wind-tunnel test data. The desired initial deployment conditions
to be achieved by Test Vehicle C and its booster combinations are pre-
sented in Table XVII. The parameters after deployment are shown in
Figures 37, 38, and 39.-

BALLUTE Configurations

During ADDPEP Phase I, two textile BALLUTE shapes, TB-1 and TB-2,
were generated based on the resuits of wind-tunnel tests and isotensoid
requirements, The basic shapes of TB-1 and TB-2 are described and
defined in Section IV of Reference 1, the ADDPEP Phase I report. While
these basic shapes r' mained unchanged for Phase ]I, the inlet and fence
geometries and positions were changed for higher Mach number operation,
Essentially, the flight test textile BALLUTESs have had four different con-
figurations (list starts next page):
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TABLE XVII - TEXTILE BALLUTE: DESIGN TEST POINTS BASED ON
PREDICTED TRAJECTORIES

Flight | Ballistic
Dynamic | path coeffi- | Revnolds| Booster
Config- | Mach | Alitude | pressure | angle cient no. combi-
uration | mo. | (&tX 103) | (psf) |({deg)* | (psf}* | (x 108)¥ | nation’

TB-1A | 2.40 84 200 70.0 20 2.80 HJ-N
T8-1B | °8 71 484 70.0 20 5.00 HJ-N
TB-2 .| 3.80 104 197 72.0 30 1. 60 HJ-N-N
TB-3 3.70 Y8 250 73.0 30 2.80 HJ-N-N
TB-¢4 €. 95 200 20 48.5 30 0. 08 i

TB-5 6.70 "31 200 71.1 30 0. 80 HJ-N-L
TB-6 5.66 122 198 75.0 30 0. 08 HJ-N-L

*Degrees ascent from horlizontal

+Ba,llistic coefficient of missile and booster combination

+For Reynolds numcer, l = five -foot diameter,

$Booster definitions: HJ = Honest John; N = Nike; L. = Lance.

IXM-33/2XM-i9-L.

1. Configuration One - TB-1, TB-1A, T.'-1B, and
TB-1WT - is a five-fcot nylon BALLUTE with a
fence that increases its projected diameter, (see _ ‘
Figure 40A). The dimensions are detailed in Fig- 1
ure 82 of Reference 1. A modification of TB-1 was
made for wind tunnel tests; the dimensions for this
item, designated TB-1WT, are shown later in this
section (Figure 51D).

2. Configuration Two - TB-2 - is described in Refer-
ences 1 and 40 and is shown in Figure 40B. It was
designed for higher Mach numbers than the config-
uration one series. The inlets were located further :
aft than for TB-1] in an attempt to reduce the values ) i
of the inlet pressure and, thus, strength and weight . :
requirements. To accomplish the inlet Iecation
change, the burble fence was removed rearward,
Also the sise was roeduced to pravent the fence from .
affecting flow approaching the inleta. The B-2
(list continues page 91)
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Y

LIRS

AFFDL-¥R-67-25

F igure 39 . Tnxtﬁe BALLUTE
Velodty (Prcdictcd for Design)
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et

e

{A) TB-I4

(C) TB=3

(D) TE-4

Figure 40 - Textile BALLUTE Decelerators
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Nomeox BALLUTE has a five-foot diameter and a
fence that does not incrcase its projected diameter,
Dimensicns are presented later in this section (Fig-
ure 51A).

3. Configuration Three - TB-3, TB-3WT - is a five-
foot diameter BALLUTE without a fence (described
in Reference 41 and shown in Figure 40C). It was
generated during Phase Il to represent the config-
uration of the metal BALLUTE designs. The TB-3
configuration resembles TB-2 except that the burble
fence is removed and a liquid pressurizing system
is added for attaining initial shape. Two Nomex
test items were fabricated to the TB-3 design: the
first, a mcditication of TB-2 for wind -tunnel tewi-
ing,was designated TE-3WT; and the second was a
new TB-3 fres-flight test unit. The TB-3 and TE-~
SWT dimensicns are preseuted later in this section
{Figures 51B and 51E).

4. Configuraticn Four - TE-4, TB-5, TE-6, and TB-
4WT - is a five-foot diameter BALLUTE without a
fence {(described in Reference 42 and shown in Fig-
ure $9D), It was generated during Phase II to vali-
date inlet frame and location design changes from
T -3 and the liquid initial pressurizing -yltem
Four Noraex test items were generated to th» Con-
figuration Four design: the first, TB-4WT, was a
modificition of TB-3; and the other three were new
flight test items. Dimensions are presented later
in this section (Figure 51C).

WIND-TUNNEL AND FREE-FLIGHT TESTS

General

The wind-tunnel and free-flight tests of BALLUTE decelerators supported
three basic disciplines: aercdynsmics, thermodyaamics, and structures.

Thess tests were used to obtain decelerator performance data to validate
the design of a specific decelerator. ,

v Win&-'r\umal Tictn

TB- 3WT

The TB-SW'I’ wind-tunnel test model 'vas created by modification of re-
covered flight test item TB-2 (Refexence 43). The Lurble fence was re-
movad and onc set of inlets was made talier and rslocated to the rear,

B Pressure tubes wers installed in sach iniet and in the envelope to mea-

" sure inlet pressure recovery and eavalope flow losses.

Tho objuctive of
the wiad.-é;unna’x test was to obtain data for the final design of T1s-3.

Item T3-3WT was taeted at the Avnold En;m“ring Deveicpraent Center
o {AEDC) on 21 Decesnber 1964.

Daployment was at Mach 3.0 and & q of

9




SECTION IV - TEXTILE BALLUTE DECELERATOR ~  AFFDL-TR-67-25

129 psf (Reference 44). Observation of the test and analysis of the data §
| indicated that the BALLUTE inflated fully and had a final interral pres-
. sure coefficient of approximately 3. 74. Observations also indicated that
the lower set of inlets was fully erected and that the taller set of inlets
was not completely erected, The wire used for the inlets and springs
, was piano wire for the shorter set and work hardened stainless steel for
! the taller set, Steady state drag measured 1620 1b. Wind-tunnel data
| were reflected in the approval package for TB-3 (Reference 41).

(2) TB-1BWT and TB-4WT

The inlet frame failures and resulting softness of TB-2 and TB-3 during
flight test indicated a low probability of full inflation for TB-4, TB-5,
and TB-6 unless the inlet structural design was improved. Therefore,

it was desirable to prove the structural capability of the new inlet design.
Two BALLUTESs, recovered from previous flights, were modified to in-
vestigate this factor and other design changes including liquid partial in-
flation under wind-tunnel conditions.

Recovered flight test item TB-1B, a 60-in. BALLUTE with fence, was
modified by incorporating the TB-4 inlets and liquid inflation-aid system;
it was designated TB-1BWT. Item TB-3, 2 60-in. BALLUTE without a
fence, was modified by incorporating the TB-4 iniets and liquid in{lation-
aid system; it was designated TB-4WT.

The TB-1BWT and TB-4WT BALLUTESs were tested at AEDC in May
1966, with excellent results, The test parameters and results are docu-
mented in Reference 45. Deployment for both decelerators was at Mach
2.8 and at a 120-psf dynamic pressure. Item TB-1BWT attained full in-
flation in approximately 0. 77 sec after full line stretch. Figure 41A plots
drag force and internal pressure coefficient versus time. Item TR-4WT _
attained full inflation in 0. 69 sec after full line stretch and had excellent 4
stability. Figure 41B plots the drag force versus time. The performance ‘

of both wind-tunnel models was excellent, with no sign of constructicn

failures,

i
{

c. Freé-Fiight Tests
(1) General

~Frea-fiight tests oi BALLUTE decelerators wsre made with Test Vehicle
C and various booster combinations. - Table XVII summarizes key con-
ditions for each decelerator. The deployment details of each flight test
are presonted in a flight summary manner.

| (2) TB-1A

- The ob,ective of the TB-1A flight test was to demonstyte the accuracy of
the analytical design for a neoprena-coated nylon BALLUTE decelerator,
A design factor was chiosen for a tast point dynamic pressure of twice the
-predicted nominal value for this first BALLUTE test.

BALLUTE TB- 1A was flight tested on 3 June 1964 {Re‘erences 46, 47).
All ﬂight events occurred ae pm.rmmd The telt item was deployed
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(A) TR~INT
- : e e o FILANG TIME 2 086 JEC e eeameemsme et
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Figure 4] - Wind-Tunnel Deployme:t Characyarintico
(A) TB-1BWT; (B) TB-4WT

satisfactorily at design conditions and at  dynaunic pressure /q) test

loading of 270 psf. The dec slerator inflated and performed as antici-

pated. However, as a result of vehicle telerietering system failure,

the shock, drag, scceleration, static pressure, and dyramic pressure

portions of the telemetering dan were not providad alter TB 1A deploy-
ment.

The Alr Proving Ground Center (APGC) suppiled rmr plote and dip-
tizsed computed data, Test vehicle onboard camera iilm footage were
‘used as a basis for computating decelerator periormance characterie-
~ tics relative to Mach number, dynamic presours, altitude, and accei-
eration, ' The inflation time of TB-1A, as calculated from: !‘llm cbser-
vation, was 1. 00 sec. t!tor line stretch. :

Flgun 42 shows the performance curves of TB-1A be ‘&t con-

tainer separation for 30 sec. Information for the performance : rves

was obtained from the¢ APGC-supplised digitized data, which are records
 of the vehicla tslemetry and ground tracking radar outputs (References

3, 46, 47). The test results established the stability, deployment and

inflation characteristics of the BALLUTE system. An inspection of the

test item after recovery. as well as data films. indicated that no hest-

ing or structural damage occurrcd under the load. Alsc, n. svidence

of seam raking could be found. _
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SECTION IV - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-%5

- TABLEXVUI - TEXTILFE, BALLUTES: SUMMARY CF TEST CONDITIONS

! Dynamic .
Range tir_ Lgad Mach |pressure Alt;tude
Test item E vent (hr:min-sec}{ (10 1b)| no. (psf} {10 1b)
- TB-1A:5-ft nylon | Test itemn
with 10-percent container
- fence separation| 13:54:35.C0} . . . 2.501 276.0 84.0

Initial line
stretch 13:54:36.29 1. 75 2.30 230.0 86.0

Maximum
load 13:54:37.35] 3.96 2.10 160.9 87.5

TB-1B:5-ft nylon | Test item
with 18-percent contai 2r
fence separation| 14:30:32.68 | . . . 2.20 | 355.0 75.0

Initial line
stretch 14:30:33.08{1.70 2.10! 330.0 75.5%

Maximum
load 14:30:34.18(5.10 l.88 215.0 7.5

TB-2:5-.. Nomex | Test item

prujected area separation) 18:39:34.05 | . 325 248.0 96.0

Initial line
. stretch 18:39:34.32.{0.70 3.20¢ 230.0 97.0

Maximum . . ' :
load 18:39:35.00 ] 2.0% J. 12! 196.0 99. ¢

TB-3:5~ft Nornex | Test item

 separation|15:17:33.30¢. . . 4.05 | 287.0 }|ione

Initial line -
:t;*e::h», 15:17:33. 62 3.0 14,12} 284 ¢ H ]

Maximum' , o
wad . 115:17:33. 811 3.4*

TB- 4: 5+t Nomex | Tezt item

o

13| 219.0 1020

separation 15:80:86. 2 ;. . . ' 5.7¢ 9.2 1210
© | initial line | } B i : R
1streich 15:00:56 14 1.2 9.7 8.3.7j230.0

| Maximum | - R
1 10ad SRR I

! 1

- ‘Teal itewm 0ot fully ihﬂliid( l
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SECTION IV - TEXTILE EALLUTE DECELERATOR AFFDL-TR-67-25

(5}

(4)

o vy b

TB-iB

The objective of the TB-1B flight test was to demonstrate the analytical
design of a high-pressure, high-temperature Poiyurethane CUR71A-
coated nyion BALLUTE deceleratcr. The overload design facters were
reduced to increase the prcbability of obtaining data relative to the im-
posed loading for comparison with TB-14A free-flight, wind-tunnel, and
TB-1B design calculations.

BALLUTE TB-1B was flight-tested on 29 July 1964 (Reference 43). All
flight events occurred as programimed. The test ilem was deploved sat-
isfactorily near the design cenditions at a 355-psf dynamic pressure {g)}.
Both onbcard cameras provided complet2 coverage of the test item during
and after the inflation period. Deployment, infiation, and atability of
T5-1B was shown (o be very good. Inflation required approximately 1.1
sec for completion. A sound telernetry signal was obtained, and record-
ing provided complete information for data reduction.

¥igure 43 shows the performance curves of TB-1B beginning at container :
separation for 30 sec. The data frem which the plots were formed were '
taken directly from the APGC-supplied digitized output skezts, which

were racords of the telemeiry and radar cutputs. The decelerator was

recovered in excellent condition.

TB-2

The objectives of the TB-2 test were to obtain data to evaluate the validity
of the design methods for 2a BALLUTE at a high Mach number and at aero-
dynamic heating conditions compatible with Silastic 131-coated Nomex
materials. Data were also required for the results of a change in inlet
location incorporated into the TB-2 design to limit the internal pressure
to a more optimum value.

BALLUTE TB-2 was flight-tested on 17 August 1964 (Reference 49). Ra-
dar data indicated that the trajectory up to the test point was very close
to the predicted flight path even though all events occurred about three
seconds early. The test itemn was deployed satisfactorily at a 248-psi
dynamic pressure (g4). Both onboard cameras functioned very well and
provided excellent coverage of the BALLUTE's performance. Telemetry
performance was satisfactory, although decelerator internal pressure
data were not obtained due to a faulty transducer.

Examination of onboard camera film-footage indicated that the BALLUTE
never inflated fully. Inspection of the fabric after the tests indicated

(1) the coating had changed state under the test environment and (?) the
material porosity increased beyond acceptable limits. Investigat.ons of
the ccating indicated it had not been cured completely prior to the iest.
Methods were established in conjunction with the manufacturer to assure
obtaining a cure with higher reliabilily. These included more exact en-
vironmental control than originally indicated and the addition oi 2 chemi-
cal wash,

Figure 44 shows the performance curves of TB-2 beginning at containe*
separation for 30 sec. The data from wl.ich the plots were formed were
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SECTION IV - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-25

taken from the APGD-supplied digitized output sheets, whichwere rec-
ords of telemetry and radar outputs. The decelerator was recovered in
excellent condition,

{5; TB-3

2 The main objective of the TB-3 flight test was to obtain data for the tech-
E nique for early envelope pressarization by means of a low vapor pressure
liquid approach. The BALLUTE was fabricated from Nomex materials
and coated with Silastic 131 elastomer.

BALLUTE TB-3 was flight-tested on 18 June 1965 (Reference 50). All
flight events occurred as programmed. The BALLUTE was deployed
satisfactorily near the test conditions at a 287 -psf dynamic pressure (q).
Eoth onboard cameras provided excellent coverage of the BALLUTE's
performance before and after the inflation period.

4 Telemetry performance was satisfactory, although static and differential
i pressure data wer: not obtained. Examination of the onboard camera
film-footage indicated that the early pressurization technique functioned
properly and provided the initial infiation to one-third to one-half size.
However, based on the onboard films, failure of the metal inlet fraraes
began approximately one-fourth of a second after line stretch, and all
the metal frames were failed within one-half second after line stretch.
The BALLUTE configuration remained in this partially inflated shape.
The forward portion of the metal frames and the first gore of the inlet
fabric were lost within two to five seconds after deployment. Postflight
] inspection revealed that the gore fabric seams and webbing were undam-
aged; there was no evidence of heating. Examination of the inlets indi-
cated gross failure of the metal inlet springs and frames. Examination
of the coating indicated it performed satisfactorily.

haiase et <

3

Figure 45 shows the perfcrmance curves of TB-3 beginning at container
separation for a 30-second period,

TB-4

The main objective of the TB-4 flight test was to obtain thermodynamic
and aerodynamic data for a textile BALLUTE at hypersoric speeds. The
BALLUTE was made oif Nomex materials and coated with Dyna-Therm
D-65 elastomer. Partial inflation/cooling aids were incorporated to de-
termine their eifects in cooling textilea and in aiding the inflation of the
metal BALLUTEs.

BALLUTE TB-4 was flight tested on 22 August 1966 {Reference 51). All
decelerator test events occurred as programmed. The BALLUTE was
deployed near the test conditions, at a 9.”-psf dynamic pressure (q).
Telemetry performance was excellent over the long flight path. Strain

age drag data and BALLUTE internal pressures were iot obtained.

elemetry data covered not only the exiting tsst point as anticipated, but
also the re-entry flight down to 30, 000 {ft. Siace the test vehicle was not
located, the onboard cameura films were not recoverea. BALLUTE tem-
perature data for the complete flight were obtained from thermocouples
wovea into the BALLUTE gore material.
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Figure 46 shows the performance curves of TB-4 beginning at container
separation and later at re-entry. The re-entry trajectory parameters
are based on vehicle stati~ pressure readings (two different transducers).

TB-5 and TB-6
The TB-5 and TB-6 units are availatle for flignt teeting.

Free-Flight Test Summary

One of the most useful parameters for design is CpA (drag area) versus
Mach number (s2e Figure 47). The values of this parameter are affected
by the relative accuracy of the load readings and the predicted ambient
pressures as the vehicle ascends. The load readings become a smaller
percent of full scale, and the percent of ambient pressure variation in-
.creases with altitude. Because of these factors, the values are accurate
near the test point and become less accurate with increasing altitude,
which corresponds to decreasing Mack number for any given curve in
Figure 47. This can account for a portion of the apparent large changes
in values with decreasing Mach number along a given curve.

BALLUTEs TB-1A and TB-1B are identical configurations that were fully
inflated to very firm shapes. The flight conditions near Mach 1. 6 for
both units are above a Reynolds number of one million and cnly approach
a half million below Mach 1. It is anticipated that these data should cor-
respond. The lower values for TB-2 and TB-3 are due to two factora:

(1) the zero projected area of the fence on TB-2 and the lack of a fence
on TB-3, and (2) the lack of complete inflation of either unit. The cor-
responding drag and projected area ratins are presented in Figure 47 for
reference.

AERODYNAMIC ANALYSIS
General

The aerodynamic analysis éupporta'the design of the BALLUTE by esti-

" mating the (1) shape rcquired for aerodynamic stability, (2) external

. pressures over the body, (3) iniet pressures, and (4) air-flow rates
. through the inlet. The values of these parameters are used in determin-

ing BALLUTE aerodynamic performance, the shape and stresses of an
isotensoid-pressurized membrane structure, and the local-flow condi-

‘tions over the BALLUTE surlace for thermodynamic calculations.

Ir. the ADDPEP Phase ! report (Reference 1), both analytical and em-

.pirical methods are presented for determining the values of these aero-

dynamic parameters and establishing shapes cf minimum weight mem-
brane structures. During Phase II, these methods were used to deter-
mine the values of the asrodynamic parameters at higher performance
deployment conditions and for other inlet and fence locations.

- BALLUTE Shape Required for Aerodynamic Stabilitv

" The BALLUTE shape selected was based on the results of wind -tunnel

teats at ‘qqpeuonic_ velocities and isotensoid requirements (Reference 52).
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SECTION IV - TEXTILE BALLUTE DECELERATCH

AFFDL-TR-67-25

DRAG AREA (SQUARE FEET) AND PROJECTED AREA (SQUARE FEET)
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Figure 47 - BALLUTE Flight Tests: Drag and Projected Areas
varsus Mach Number
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SECTION IV - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-25

Additional data from RTD wind-tunnel tests conducted at AEDC and
ADDPEP f{ree-flight tests confirmed the high degree of aerodyramic ata-
bility obtained with this family of deceleraiors (References 13, 45, 53),
The Gemini, ALARR, and PRIME programs have also established the
high-degree of BALLUTE stalility (References 54, 55, 56).

c. Pressur: Distributions

The static pressure estimates over a BALLUTE are used for estimating
the drag and, in conjunction with the internal pressure, the envelope
skape and stresses. Analytical approaches and test data for estimating
surface pr2ssure and iniet pressures are pregented in Reference 1.
Comparisons of estimated surface pressure coefficients (Cp) using ana-
lytical and testing metheds are presented in Figures 46A and B for higher
Mach number conditions than preserted in Reference 1. (Figures 48A
ard B are based partially on wind-tunnel data from Referesnces 52 and 57).
Forebody wake effects indicated on the first part of the curvee are based
on empirical data.

%
%
i
:
{
!

Inlet locations were investigated in greater detail to establish approachzs
for reducing the iniet pressure coefficients of trailing BALLUTESs at
{light Mach numbers greater than two. Early wind-tunnel test data pre-
sented .n References 13 and 54 indicated that, for a wide range of inlet
sizes and locations, inlet pressures exceed the values required for a
stable structural shape. The inlet pressure coefficient values for spe-
cific inlets on these hard models varied at a given free-flight Mach num-
ber; however, somewhere within the test Mack number range of betwcen
3.5 and 6, the inlet pressure coefficien: value for each inlet tested be-
came almost twice that required. The heigh* and tne height-to-width
ratio varied between inlets; however, all inlets had 2 semicircular top
with parallel sides tangent to the top and perpendicular to the BALLUTE's
surface.

Postulations for the higher than anticipa.ed inlet pressure coefficient
values, approximately twice the values ineasured without a forebody,
included:

1. The forebody shock waves decelerate the flow ap-
proaching the inlets efficiently, thus reducing the
Mach mumber and the total head loss acroes an in-
let bow shock.

2. The thicker boundary layer over the BALLUTE, due
to the forebody wake, provides a better path for
transmitting inlet pressu-es forward, causing an.
efficient oblique shock system to form forward of .
each inlet.

3. The fence pressures feed forward in the thicker
boundary layer and effectively modify the shape of
the BALLUTE approaching th: {ence. This change
reduces the amount of flow acceleratior foliswing
the position of maximura BALLUTE slopc and limits
the effectiveness of placing the inlets in a mozxe
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SECTION IV - TEXTILE BALLUTE DECELSERATOR AFFDL-TR-67-25

LEGEND:

CF = SURFACE PRESSURE COEFFICIENT

X/R AND Y/R = COORDINATE SHAPING FACTORS (REFERENCE ONLY! = DESIGI VALUES

X = DISTANCE BETWEEN DECELERATOR AND FPAYLOAL - = TANGENT CONE
D = BASE DIAMETER OF PAYLJAD

———- MOD!F 0 NEWONIAN
O WIND-TUNKEL DATA, REFERENCE 57

) WIND-TUNNEL DATA, REFERENCE 52
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SECTION 1V - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-25

N

rearward position, where anticipated higher Mach
, numbers and higher inlet bow shock losses would
occur.,

In an attempt tc reduce the effect of the BALLUTE fence on the flow for-

: ward, the fence was reduced in size and moved more rearward in the

: TB-2 design. Also, the inlets were moved more rearward (Y/R = 1.572)
and into a position of calculated higher Mach number flow. The inlet
mouth was circular following past practices for pressurized structures.
Instead of positioning the inlets directly adjacent to the surface as in the
hard models, they were positioned 3/4 of an inch from the surfzce in an
attempt to reduce the inlets' effect on the BALLUTE boundary iayer and
the flow approaching the inlet.

To further determine the inlets’ effect, TB-2 was ..odified, after flignt
test, to become TB-3WT for wind-tuanel testing. The fence was removed,
and a pair of high inlets with the lewer edge two inches from the surface
were interchanged with an orieinal pair, Tests in the At DC facility in-
dicated somewhat less recovery with the high inlets showa in Figure 49
(Ref{erences 13, 45, 48, 52, 57, 58, 59); however, struc‘ural integrity of
the high inlets was less than acceptable. There was structural incom-
patibility between the BALLUTE fabric and the {1) metal inie. frames,

(2) metal inlet springs, and (3) gore reinforcement metal frames; this

led to eliminuting all metal in the EALLUTE except for a flexible cable
hoop within the inlet's lips. Top and bottom webs, running forward, were
-dded to the iulet for initial erection of the inlet. Once erected, the pres-
s.re within the inlet maiitained its structural integrity.

BALLUTESs with there inlets were tested for the design of TB-4 ir the
ARDC facility. Reference 45 presents some ol the results,  Internu!
preéssures were measured ustng a single pressure tube into the BALLUTE,
Values at Mach 2.8 and at a 120 psf dynamic prossurse were 180 psi for
the MBE-1 nie al BALLUTE (9ee Section V), with rearward positvrened in-
lets; and 218 ps{ for TH.IB with more forward TB-4 *ype 1nlets, Leab- _
2ge in the presgsure-measuring tube prevenied determining the préssure :
within TB-4WT, which hag the same inlet type and location a5 we wodi-
fied TB-1B. The correspunding Cp. {inlet pressure coefficient) value
for MB-1 was: ! )

-

i

+
o

186G -
CP, = = T

; ¥

=13 | (61)

Lng)

ot e

For TB-!D as modified, the Up  vaiue was:
3

- _2ja-z2t.8 VI
bpl e P T e 1. 64 {62}

e

[}

Thesc values are considerahly helow either set of the hard model data,
the TB-3WT wind-tunnel data, or the TB-1B flight-test data (Figure 49;
Iniet locations correspond to the TB-IE {light-test unit. No defimite rea-

son can be established for these low C;, values.
R
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15

Draﬂ and Filhr;g: Times

Drag data were consistent betwezn large acale wind-tunnel tests and
flight testing. The drag coefficient (Cp) valucs are shown in Figure 50
(References 45, 48, 54, 59). The higher set of values are associated
with BALLUTE<= having a 10-percent fence. Ail Tp's were caiculated
uring the euvelope diameter for determining the reference areas.

4. BALLUTE GEOMETRY
a, Gener:&_l_

During ADDPEP Phase II, two basic configurations were added to the two
eetablished in Phase 1. All told, two envelcpe shapes, two fence sizes,
two fence locations, and four inlet positions are the variables that make
up the four ADDPEP flight-test configurations. These were flight-tested
during Phase lI. Wind-tunnel models of these and other configurations
also were tested during Phasc I, The woirk was done at AEDC by R1D

personnel,

Flight-Test Units

The Configuration Cne TB-i, TB-1A, and TB-1B flight-test configura-
tions, having the same envelope shupe, fence size, fence location, and
inlet iocation, are descrited in Figure 82 of the ADDPEP Phase [ repuit
{Referenc2 1}, The construction is described in Reference 1 and in [tem
8 of this section,

The Configuration Two TB-2 flight-test configuration, having a different
envelope shape, fence sgize, fence location, and inlet location, is shown
in Figure 51A,

The Configura,tion Three TB-3 flight-test configuration, having the same
envelope and inlet shape as THB-2, has no fence (see Figure 51B, foldout
page 111). Design details are presented in Item 8 of this section.

The Configuration Four TB-4, TB-5, and TB-6 flight-test configuraticns,
having the same envelope shape as TB-2 and TB-3, have no fence and
new inlet construction and location, (see Figure 51C), Design details are
vresented in Itern & of this section.

Wind-~Tunnel Units

The TB-1BWT wind-tunnel configuration consists of TH-1B with TB-4
~ inlets located at the TB-4 position {see Figure 51D),

The TB-3WT wind-tunnel configuration consists of TB-2 with the fence
removed and a new pair of high inlets replacing one pair of the original
size flight-test inlets (see Figure 51E).

TheTB-4WT wind-turnel configuration consists of TB-3 with all the flight-

test inlets »emoved and four new TB-4 iniets located st the position of
TB-4. Ite configuration is identical to that of TB-4 (see Figure 51C).
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SECTION IV - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-25

. ADDPEP Phase ! report, item 4, Sections Ill and iV. (Reference 1).

Deployrnent of trailing deceler=tors generally creates two distinct large
forces that have been identified as "snatch force™ and "opening shock
force. " Snatch force is the initial force imposed on tre test vehicle by
the riser in returning the deployed decelerator mass to the same velocity
as the vehicle. The opening shock force follows the snatch force and is
caused by the sudden irflation of the decelerator to its full shape. The
period of time between these two forces is the "filling time. "

BALLUTESs do 1ot exhibit an opening shock force as such because of the
amount of filling time required to inflate the BALLUTE with the small
inlets, Inflation times are discusced in Appendices VI and VII of Kefer-
ence 1. Data are presented in References 45, 54, and 56 fo» full-scale
wind-tunnel tests and in the ADDPEP free-flight tests. Internal pres -
sures greater than required are available with the inlet locations. tlence,
the BALLUTE attains its final shape before the internal pressure reaches
the maximum value. Internal pressures equivalent to an external pres-
sure coefficient of approximately one causes a fuli BaLiu 1k shape and
and maximum drag coefficient. Values greater than c.e cause the BAL-
LUTE W vecome vety .irm and slightly more spherical., BALLUTES
with a partial inflation aid systeni are discussed in Section V of this re-

port. i
STRUCTURAL LOADS
General

The BALLUTE cenfiguration can be based on estimated internal and ex-
ternal pressure loadings using a computer program to define the shape
for an isotensoid structure. This type of structure takes the calculated
shape and becomes the most efficient structurc when the ratio ot pres-
sures across the fabric are equal to those estimated. At other ratios of
pressures, the gore fabric tends to rack because it is bias, and the BAL-
LUTE takes a slightly different shape. When the ratios of pressures be-
come more extreme, the fabric becoines hmp in one direction (start of
wrinkles), with maximum stresses occurring in a direction parallel to
wrinkles. :

Applicabl_e background for a structural analysis is presented'in the

Appendix Il of the same reference presents the general inotensoid de-
sign app:oach for inflatable drag devices.

Isotensoid Shape's

Becauss a BALLUTE travels through a range of itight condicions and -
ratios of pressures, the BALLUTE configuration normally e selected
to obtain the highest structural efficiency at the higheat loadings, thus !
having minimum weight. Since the ADDPEP program uses ascending
trajectories, the highest loadings usually occeur shortly iollowing deploy-

ment,  After this poaint, especiany for higher altitude test ascents, the
aerodynamic loads decrease much futcr than the heatmg decreuses the
ttructural efficiency.
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SECTION IV - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-25

Data are available fur ihe external loadings for shapes similar to TB-1,
TB-2, TB-3, and TB-4. The tangent cone method alsc has been shown
to predict the external distribution within design limits and can be used
to predict pressures on other BALLUTE <hapes. The wake effects on
the external distribution are estimated based on empirical data. Fig-
ures 48A and B, (in Item 3 of this section) present the estimated exter-
nal pressure coefficients (Cp) for conditions near the deployment points
for advanced ADDPEP Phase 1l flights.

ADDPEP Phase I test data for small, hard models ir wind tunnels at
Mach numbers above 3 indicaied that inlet pressures were above isoten-
soid limits for 80~ to 90-deg BALLUTEs# and that these pressures meet
the limite for 110- to 130-deg BALLUTEs. Tests of TB-3WT and TB-1B
further confirmed the high inlet pressures; tests of TB-1BWT and MB-1
at Mach 2. 8 had clese to the desired internal pressure cnefficients for
80 to 90~degree total-angle BALLUTEs. Figure 52 shows isotensoid
shapes for two internal pressure cvefficient values and several values of
K (the ratio of the pressure load carried by the meridians to the total
pressure load).

Although inlet pressures are available for iaflating these much blunter
BALLUTESs at high Mach numbers, the total-flight Mach number regime
muet Le considered along with the effect of high apex angles on BALLUTE
stabiiity. For these reasons the BALLUTE envelope angle of TB-2 was
retained for TB-3 through TB-6.

1.9
e JTe-2 SALLUTE PROFILE
Co o 1008
) K= 04
.. —$-
* PERCENT OF PRERTUNIL LOAD CANMED BV . KON 1 _
. Rt L e ¢

| Figure 52 - lsctensold BALLUTE Shapes for Cp, and K Values
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SECTION IV - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-25

C.

Structural Considerations Based on Static Loads

The firsi siep of the structural analysis was to determine the static loads
on the major components and subassemblies to begin material selection
and candidate assembly approaci.es. Factors initially considered were:
(1) gore-fabric static stresses, (2) meridian static loads, (3) irlet fabric
static stresses, (4) riter Jine static load, (5) keeper-ring static load,
and (6) keeper-ring tie-loop static load.

With respect to gore-fabric static stress, the selection of TB-2 envelope
shape and inlet location results in a structure that is only optimum to a
flight Mach number of approximately three. At higher Mach numbezrs

and higher internal pressure coefficients, the shape attemipts to change to
mect the off- -design pressure loadings, and the value of K varies from 0
to 0. 6 depending ua the position on the BALLUTE. Under these off- deaxgn
conditions, the maximum static fabric stress occurs at a BALLUTE posi-
tion where the meridian sgtresses are minimal:

[1-x) PR| .

Maximum gore-fabric static stress = ) (63)

where

K

-1

0 to 0, 6 depending on position
P = pressure across the fabric

R

BALLUTE radius

The meridian static ivad is hased on K , waich occurs in the base por-
tion of the BALLUTE (Reference 1). i
: 2

Kmax PaR ;
Meridmn static load = ~= — ' (64)»

| Wheze Kmu is npproximtaly 0.4 at high Mach numbars and 0 6 at Mach

- numbeu approaching 2.

: _ The inlet fnbric static stresas is band on the pusmre dificrenee across

N tha inht and thc mht mbe ndhu (Refuqncc 1)

znm fabric mﬁc stress = PR o {65)

T!u riser Huc snﬁc 1oa4 in the riur nne equalo the m;ximum BA;..LUTE
. Hoe force {Reference 1). Since BALLUTEs do not exhibit an opaning '
~ shock fot_ce. Zhe m&ﬂimm line force ig equal to the BALLUTE dug

D o (66)
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SECTION IV - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-25

(1)

{2)

CD = steady-state drag coefficient
q = dynamic pressure
s = nR®
R = 2.5 {x

The keeper -ring static load is determined from the amount of force re-
quired to change the meridian/riser line direction from approximately
10 to 38 deg at the BALLUTE apex under maximum drag conditions.

The keeper-ring tie-loop static loads are calculated on the basis of pre-
venting the kecper ring fron sliding under mavimum drag conditions.

Structural Considerations Based on Dynamic Loads

General

The static loads were used as a basis to establish shape and static mar-
gins after the BALLUTE is fully inflated. Tests have demonstrated that,
uncc the BALLUTE is fully inflated, its inflation and system stability are
such that life-times in the wind tunnel are on the order of hours (Refer-
ences 56, 60).

Free-flight tests that contributed to minimum weight design of BALLUTESs
also established that failures are associated with the early portions of

the inflation process only (Reference 61). Several events in the deploy-
ment aad inflation process can result in critical loads compared tc the
static loade. Methods for controlling the values of these critical dynamic
loads are available and are discussed below in Items (2), (3), and (4).

-Snafvh T ~w'

 The snatch load is the ruuh of thc energy associated with pytotechmc

" deployment and air loads acting on the decelerator as it travels from its

_ stored position to line stretch where the snatch load occurs. By the use

of & carefully sized deployment bag and a lines-firs: deployment. minimum
. energy is added and the snatch load becomes less than .~ maximum
static drag load, This technique has been used for all ADLPEP free-

(3

‘flight tests, ‘and the snatch Joad values menureﬁ have beer !eu than the
~maximnm ltnnc dug load. = . ’

‘ .Intunng Louh

',Criﬁcﬂ lon.da a.{!act ﬁu nlactian of gon mstarm-. the faace, aud the
inlers during the infistion process. These louds ure the result of high
_dynamic pressures and {ree-s 'ream velocities acting on relatively large
areds of light weight ¢loth tailored to the infiated BALLUTE shape. T e

- extra hi(h-apué cameras on the. ADDPEP vehicle provided cm:derabie '
- daty, ;or ianocting this. purth.ﬂsy mtdd emﬁiﬁon g

B "’The oburvod carly whiyping Acnon cu “result h: aput cnvelopc goren.
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SECTION 1V - TEXTILE BALLUTE DECELERATOR A¥FDI.-TR-67-25

(4)

“cmtmcuon whan TB-1A was testad to 760»1'0! dynamic preesure at

fence gores, inlet gorz2s, cr brri . inlet frames, unless¢ dynumic factors
ae added to the static load values or methods are used tc limit the dy-
namic load valuse This earls whipping artion ceases as soon ag a "ball”
of air ie within the BALLUTE. The size of the vail can be as small as
onie-third to one-haif the ' ameter of the BALLUTE. At high altitudes
this volume can be filled cuickly by a eimple partial inflation sonrce,
sucn as a liquid, that vapurizes at low ambient pressurer. At low alti-
tndes and high dynamic pressuce. other energy scarces (1. e., pressure
bottles, gas generators, steam generators, and pyrotechnics) can fultill
this function, Larger inlet areas to BALLUTE volume. and reinfrrce -
ment ribbons are other tradzoff. "o be considered,

After the BALLUTE is partly inflated, there is a less *riolent mortiun that
affects only structures mounted to the BALLUTE. This motion ir a local
wave or rippling action of the envelope fabric. The riotion is well within
the bias fabric limits; however, il causes fleaing of the inlet metal par:s
at visual frequercies and amplitudes beyound wpring wire limits.

The latter problem was solved by eliminating the metal frames that were
directly secured to the envelope. The only metal retained was a cable
within the inlet lip, where it is isolated to a large degree from the mo-
tions of the gou.e fabric.

Opening Shock

Opening shock is associated wi.h the violent filling and above -static drag
values obtained with supersonic parachutes, Such shock does not occur
with BALLUTEs because of the small inlet siz. relative to the size of
the BALLUTE. The opening loads on the BAL".UTE envelope and fence
are considered to be of the same order as the static vaiues because of
the inflation time. Full internal pressure loads actually occur at & mea-~
surable time period {1/4 to i/2 sec} after the BALLUTE has attained
maximum size and Jdrag.

Each inlet, however, fills very rapidly because {1} its mouth diameter is

. essentially the same as any other section of the inlet tube or sock and
{2) ite mouth {s held fully open by the wirv cable hoops. Under these

conditions, hrge dynamic load factors similar to those for f.ut-openmg,
smll, cuperaomc parachutes can occur,

Factors for ﬁw inlzt wers évolved empxncahy from bomb drops at mgh
subsonic veiocities and high dynamic pressures using TB-1A and TB-1B
after the ADDPEP {light tests., 'nder the most seveére icsts (820- -ps{
dynamic preasure at Mach 0. 84), TB-1B was undamaged except for the
four inles socks that act as check valves. The inlet socke were develaped

“during the Gemini program to establish and maintaia & firm BALLUTE
shape hy preventing (1) outflow through any inlet in the low energy un-
-symmetrical wike directly behind the man or (2) outflow through a dam-
;agcd inlat. The socks also damped anv tendency for the BALLUTLC to
’pulu due to po“ible rnomm« at some polnt along the mght path.

‘rh. iock- were madc by usmg a 200 lh/m. -seam in 322/ 33? sib/in, lcth.

Tha seamns split in all socks. The same damiage occurred to an identical
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Mach = 0.805. The damage to the socks did not aftect parferinance of
the BALLUTE behind the symmetrical bomb. Basad on the subronic
bomb drop test results, a factor of c.pproumately 22 is needed on the in-
let static strees values calculatad using the simple DR formula where
the pressure across the fabric is approximately eqt.al to tize dynanuc
pressure.

To better undersiand the need for thie large factor of <G times the ctatic
inlet stress, the possible pnvsical happenings were investigated aaalyti-
ca;ly Assumpt.ons were made of a firm inlet shape anrd 2 pressure wave
opening the inlet fabric from either z centerline pesition radially ovtward
cr from a flat position outward. The energy into the inle fabric was con-
sidered to be absorbed by elongating the fabric while in the shape of a
hoop., Fabric stress values of the same magnitude as the empirical val-
ues were calculated. Fabric stress/strain values from inplan. tests at
low loading rates w:re uzed in the calculations. mccepting this large dy-
namic factor for designing the small inlets was a smali weight penalty
for this sine BALLUTE compared to adding devices for controlling the
mouth gize of the inlets duiring opening.

Y
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Otuer Structural Considerations

In addition to considerations-of static and dynamig loads for design, other
factors were required in sclecting materials for the BALLUTE as an
ADDPEP flight-test unit. These included:

1. The possibility of the test unit being deployed rarlier
and at higher than the design dynamic cressure

Seam and joint efficiencies
 Seam leakage if it occurs before ultimate capability
1. - The elfect of 'tempgrature_op strength

5, Saigty factor

Thess factors, discussed bzlow, were uged initially in conjunction with
the room ternperature "quick break" strengiths to select material for fur-
ther analysis (Reference 1), . . :

With respect to deploymeat at higher than design conditions: based on

the ratio of the anticipated to the actual deployment loads for the many

ADDPEP flights {see Table IV, Secticn II), a factor of 1.5 was considerad
sullicient for design. A factor of 2 was origiaally used, ~baged on the re-

sult? from sarlier test vehicle systems.

Seam and joint tests ware made of ail critical portions of the BALLUTE -
to establish the actual efficiencies. However, initial selection of candi-

dute material valuee was assumed based on tests of similar construction.
Eighty-percent seams weézre used to aid in material selections. The fac-
tor was ons/ efficiency.

" Seam lezkege is mora paculisr to BALLUTESs than parachutes. ‘Sone
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cloths rake under luads conaidarably below the ultimate seam strength.

Raking cccurs when the cloth yarns running in one direction are puiied
locaily by the sewing threads into a bunch leaving small local voids in
the ¢leth. Vajues were initizlly assumed as 80-percent of the 3eam ulti-
mate loads based on tests of standard cloths. It was determined from
tests of cloths woven for the BALLUTE gorées that this factor {one/effi-
ciency) could be eliminated if tightly woven cloth were specified.

With respect to the effect of temperature on strength, the sirength of
Nomex versus temperature is ehown in Figure 53 {Reierences 62, 63).
To establish an exact factor relative to room temperature strength for

2 given fligit, iterations had to be conducted. The iterations considered
the load dropoff and the decrease in fabric sirength associated with evalu-
ated material temperatures, which vary with the weight of the Nomex
cloth selected. The value of the factor was coriginally chosen ag 1. 3 for
beyginning the iterations {Reference 1). For some flighta {TB-4), the
factor became 1. 0 since the load dropoff was more rapid than material
strength loss with rising material temperatures. Here the critical loads
occurred initialiy when the fabric was still at room temperature.

A stancard 1.5 safety factor waa retained.

Loa“ds”,' Désign Factors, and Materinl Requirements .

The load values and factors used for material seiections and joints for tne
BALLUTES {light tested are given in Reference 1 and shown in Table XIX.

C
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TABLE XIX - TEXTILE BALLUTE LOADS, DESIGN FACTOPS, AND -
MATERIAL REQUIREMENTS PREDICTED ;
—
| % | Tea N R P Lo K L
em {id/in.} | (1b/ia.) | {1t each} (b} {Ib each) |} (Ib total)
Th.2 - Static load for q = )
‘ 218 pef s5d Mrch 3.8 39 6.4 240 243 39 2,640
3 i Design factors » :
1 Overlosd 2 2 z 2 2 2
Dynamic 2 : 2 z 2 2
3 Seam efficiency 1.2 1.2 1.2 1.2 12 1.2
3 Temperature . 1.5 1.8 1.5 1.5 1.5 1.1
Raking ]2 1.2 1.0 1.0 1.0 1.0
Safety 1.5 1.5 1.5 1.5 1.5 1.5
Product of ‘factors 12.96 12.96 10.8 10.8 10.8 7.92
Materixl streagth
requirermants
Basic 505 8 2530 | 2620 @i 20,919 )
1 Seam ) 1 69 | 2160 |.2196 | 3% 16, 800 T
% ‘ " Raking 35t 58 RN R S )
¥ B3 Static load for Mach 3.7 1 R )
I I -and: . .
B ' “ol q= 17l perat R E : SR
inflaticn 89 coe o] 420 220 | ses 2,350 s
Design factore : . : i R
‘ Overload 1.28 1.2s | 125 128 | L2s g
) Dynsmic ' 1.8 1.5 L5 f+ 1.5 | LS L g
’ Sears efficiency } 1.2 Lt ik S IO 1.2
£ Temperature _ t.s w2 |2 [P T
I Raking - L2 R S T S T ’!
s Safaty L3 s s o pows o s : .
Product of factors 6.08 mae 3.72 TR} ' I
g Material stzength e BT \ ’ E
" requirements LT IR ST . : .
i - - “Bastc Codage o sen | sk [ 208 0 [T9,800 SRR
g o Seam a420 | 7es ) 185 - | ve2n o o
I : , - Raking . AN v - i R
TB-4, TB-5, | Static load for q u N SRR L R I o o B . : -
TR 200 pef-and Mach & | 104 .13.9 488 264 | e5.6 | 32,782 :
: Dedign factors oo foToob o : L N
: - Overload .- - | 1.8 {8 5. | LS 1Ls | Ly
. Dynsmic . FE S I 1 S IO L5 LS s
. Seam efficiency L2 N N 118 Lag o e
“Tempersiure 1 Foo. 1 ! E RN B ‘
N R oo satey : sl 1.5 Ly | ons s ' o
- ‘ C 0 o ] Product of factors 08 |ews | s | sss | oams  {ees -
' ' EEETY ‘| Material strength - T N
roquirermepts . B
Basic 1810 '
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 -wake of the leading body. A simple model of the wake flcw regulting from

;uvcr, it is based on a more comprehensive flow definition and shows

- SECTION 1V - TEXTILE BALLUTE CZCELERATOR = AFFDL.TR-67-25

THERMODY NAMIC ANALYSIS
General .

- In the ADDPEP Phase I report (Reference 1), several methods are pre-

sented for estimating the heat flux rater and subscquent temperatuve rise
in a material for BALLUTE type decslerators subjected tv aerodynamic
heating. The calculation of the heat flux vate 7 ~d heat transier coefficient
whan using these methods wae based largely on the assumption that the
leading body ahead of the decelerator body does not affect the flow over
the decslerator body., For example, the analytical approach outlined in
Reference ] ruggested estimating the heat transfer coefficient at the
BALLUTE surface on the bzsis of fres stream flight conditions. Once
this assumption is made, the calculatien of the heating criteria may pro-
cred in 2 manner similar to analyz‘ g a conical body cr blunt nose body
in a high veloclty stream.

An empirical approach, also outlined in Refsrence 1, advanced the fol-
lowing method {cr eatimating the locai heat flux rate on the dacelerator
body: utilize a reference heat {lux rate at {]} the ieading edge of the ae-
celerator bady in the case of laminar fluw 3nd (2) a distance S/R = 2

from the leading edge for the case of turbulent flJow. The reference heat

flux rates used in this method provide an index from which the local heat

flux rates on the decelerator bedy can be obtained from a set of conve-

nient Leat flux rate distribution curves preseated in Raference 52 for two
different decelerator bodics.

The reference heat flux rates were convenien to calgulate since they
were to be evaluated on the basis of free sirsam flight conditions =xisting
ahead of the icading body using the gesmctry of the decelerator body. On
the other hand, the heat flux rate distribution caia were obtained from

an experimantal wiag tunnel heat transfer evaluation of a BALLUTE de-

 celerator at Mach 10. Thus, the proposed empirical approach takes into

account, in a limited manner, the effzct of a leading body on the heat

- tranefer characteristico at the deceierator sunace.

in aubsequent analyses of BALLUTE heatmg a variation in the method

“of analysis was introduced, The basie for the intvoduction of this varia-
‘tiont was the results of additional sindies conducted on the flow phenomena

that occur between a leading body and = decelerator body that trail in the

the interaction between the leading body and the trailing decelerator was
formulated through the use of available experimental data and was pub-

lisked in Refereace 64. More recently, som= additional work was con-
ducteg on this flow phenomena, and thele data were presented in Refer-
ence 65,

As a result of thesc investigations, it was deciced to modify the thermal
analysis methods presented earlier for calculacing BALLUTE heating to
take into account the formation of the wake resulting from the flow inter-
action between the l2ading body and the trailing decelerator body. The
proposed method of unalysis does not invalidate previous methods; how

st
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i

600 range.

promise for understanding the flow phenomena involving a decelerator
body trailing in thc wake of a leading body.

BALLUTE Thermal Analy=is Methoda

One of the important connlueions drawn from the investigation of wake
phenomena betwean an aerodynamic deceleratcr trailing in the wake of
an axisymmetrical leading body was the concept of a cylindrical viscous
wake existing between the two bodies (Reference é4). However, no cri-
teria were available to establish whether the wake would be laminar or
turbilent, although it was shown that thr diameter of a viscous turbulent
cylindrical wake between the two bodies wculd be approximately twice the
diameter of a laminar type wake. 5ince for most practical engincering
appiications it is reguired to predict whether the material chosea for the
decelorator body will sustain the most severe snvironment encountered,
a decision muat be made as to whether the flow over the decelerator body
is laminar or turbulent. CUne approach is to test the boundary layer on
the ieading body. If this boundary is turbulent, the cylindrical wake will
be turbulent. A simple method of determining whether transition has
cceuryed on the leading body is to use the following equation for calculat-
ing a momentum Reynolds number (see List of Symbols in preliminary
pages of this report): ‘ :

Re, = = 0.695 : © R e— (67)
.8 uyoo Py Hy A

This equation was derived fror1 data presentea in Reference 66. The
transition Reynolds number is iisually taken as occurring in the 400 to

If the preceding analysis reveals that the flow over the leading body is
laminar, then a wake transition analysis must be conducted to determine
its staie. Since wake transition duta for a flow between two bodies are
praciically nonexistent, fres wake data must be used. In general, the

unified wake transitica correlation data in Reference 67 are very simple

to use. Predicting the transition of the wake using the correlation pa-
rameter fromn Referance 67 requires an evaluation of the following group-
ing: ‘

o (S o

A plot of this wake transition paumter' is presented versus {ree stream
Mach number along with the range of transition data taken from Reference
67 in a subsequent discuasion of wake characteristics,

With the iype of bonitdary hyér type .-ltabiiiihéd. the heat flux criteria at

‘the decelerator suriace can be galculated. At this time, one may pro- -

ceed with the methods outlined in Reiérence €4 {or calculating the prop-
eriies of the wake and then usiag these wake fiow psoperties for estimat-
ing the heat cransfsr rates at the decslerator surface as a function of
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- rise in the decelerator material during flight along a prescridbed trajec-

":if cuhﬁn: the haat transfer characteristics.

these upstream flow properties, For a laminar boundary layer, the heat
transier coefficient on a decelerator surface can be calculated from the
following equation (Reference 65):

S o[ S

x'D

T TR R

cone

P

v e e
4

The prime wotaiion indicates these propertics must be evaluated at con-

ditions existing at the edge of the boundary layer and at the particular : ‘
station uunder consideration. The pressure distribution cver the decel- o b
erator suriace may be calculated using the tangent-cone method, since '
the flow properties of the wake and the geometry of the decelerator are
known, The decelerator and the cone must be compared at equal dis-
tances from their respective noses,

In case it is determined that the boundary laier is turbulent, the heat .
transfer distributicn over the decelerator surface can be calculated using = <
the following heat transfer equation (as suggestied in Reference 65): ; ‘

Y S |
(p"'u'x) (P )z/s \
—F r .

The prime notation again indicates that the appropriate properties must
be evaluated for conditions at the edge of the decelerator toundary iayer.
The starred quaniities on the other hand must be evaluaied using the loca!
pressure 2nd reference eninalpy (h*) where this latter quantity is evalu-
‘ated by the following equation:

* = h +0.45 (a,, - h') +0.20 (h', - h') (1

~As in the laminar flow case, the evaluation of the turbulent flow heat flux
rates depends on the evaluation of wake flow proparties ahead of the de-
celerator body. The calculation of then wake flow properties is outlined
- in References 64 and 65

The above methods may be ehnplﬁed somewhat if, in the 1nteus* of ex-
__pediency, it is required to calculate the maximum expected temperature

‘tory path. In such a situation, the flow puameter- at the decelerator
‘purface usuaily vary with time. Thas, it i{s required to define the ilow
- conditions at the decelerator surface as a function of time prior to cal- . -

Tho hnt ﬂux rm for tarbulent aow. for eumplu. can be calcnhtcd
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using Equation 70, Ewvaluation of this equation requires a knowledge of
the local velocity, temperature, and pressure, These flow properties
at the decelerator surface may be estimated with fair accuracy by the
methods described in the following discussion.

- Cunsider the flow model proposed in Reference 65 and shown in Figure
54, The flow in front of the decelerator is composed of & viscous cylin-
drical core and an inviscid outer region. Mach number Mg near the
Junction of these two wake flow regions may be approximated by consid-
ering a siagle expansion of ihe flow ‘rom the utagnatlon pressure region
at the rnse of the leadirs hody to ambient pressvrs ir, Le walke rasics
‘this 1sentropic 'Bxpanlwn freezes Mach numbey M, to values less tkan
five. In the region away from the junction of the xnner viscous wake and
the outer inviscid wake, the Mach number of the flow behind the bow
shock approaches free stream conditions (M) as the trailing portions of
the bow shock are approached.

Considering Mack number M' of the flow at the decelerator surface, it is
evident that the flow must cross a weak cblique shock that forms in front
of the decelerator forebody in the range of upstream Mach numbers de-
acribed. The effect of this weak r hock gives rise only to a small varia-
tion in Mach number M' at the de« jlerator surface if one considers the
possiblc variation in the Mach nu “jber range resuiting from the upstream
varistion in Mach number M. T.ius, it is possible to assume that Mach
number M’ at ik2 edge of the decelerator surface boundary layer is that
resultizg from the flow crossing sn oblique shock at Mach nurmber M,.
Once this assumption is made, Mach number M! variation at the decei-
erator forebody forehody surface may be readily calculated using the
compressible fiow data contained in Reference 68.

- The local enthaxpy of ths stream may now be calculated at the edge of
. docoloratct uu'flca boundary layar from the following relationship:

H1 :
1+40.5(y- i)(M')

= (72)

_whoro Hy iu the total anthalpy of the itream, a constant and equa.l to troe

L I;x;eam antlulpy. uui M' is tho local wrtlce Mach number dncribod
~ above, : : e

- The remainin, prognrty th;t muut be cvaiuaud is the :uritce ‘pressure
_acting on the decelarator forebody. It has been found experimentally, as
‘reported in Reference 52, an approximats linear increase occurs in the
- surface pressure as the distancs from the BALLUTE ape*: increases. -
““In sapport of thess sxperimental dats, theoretical pressurs distribution

- methods presented in Reference 1 have bren shown ta gredict these values

. with-a rexsonable amount of accuracy using & modified tangent-cone ap-

: o proseh. 'rhcntau, the pressure uooeuml with ﬁ:o vawczty an_d
. temperature can be readily utlmhd. o |

'miea‘athuﬂrmhr ca.lcnhaou. lwnv-r. itis tho puk pres-
,.m scting on the decelerator surface that is of interast because this =
po 'iﬁu -m_xa givi Qﬂ'n_tc tlumutmm heating rate to the duc»urmr
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B ‘DECELEIATM SHOCK

Figure 54 - Payload and BALILUTE Flow Fié‘ld Schematic

 distribution over a BALLUTE decelerator trailing in the wake of a lead-
ing body {reported in Reie. snce 52 and shown in Figure 55) revealed that
the maximum pressure can be predicted by the following technique.

- Using cone theory for Mach 10.2, thz rauo of local pressure to tree

" stream pressure can s calculated to be about 63, as shown in Figure 55.
- This value gronly ovngudicn the mnimum prenun acting on the

- BALLUTE

o . Sacond, ctlculatc thc local Mtch number ‘“@, remiﬁn‘ from a compres - S

- sion across a normal lhock anit then expanding to fre? stream pressure,.

Cof R-toum 58. ttu pronm coefficient my be nt&:mzed.

Ts, valu,i _cdicu daa local
ite w 'lotanSId' d_

First, considcr a BALLUTE in the free stream Mach number (M, )fiow', :

" This yields Mach 3.91. Using this Mach number (Mg) ornd 2k o'q._»_dau,_. o
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NOTE:

H’ e 10.2

iy -0.08 -0.28 [}

Ne/FT = 1,08 x 10 DEG

0 Y T T I
CONE THEORY [ ' _.L‘
Jvee ounne wmml e § | -I/d' d +S/d
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Figure 55 - Pressure Distribution over BALLUTE

R R turbulent heating rates as a function of time may be conducted expsdiently
R u‘ing Eqnuﬁon 70.

The tompenturc :upoan d ﬂu decehrztor mm:i;l can bo calcuhtod
© . asafunction of the asrodynamic heating rates expsrienced during the
-~ critical periods of a trajectory path once the heating rates are defined.
" Reference 1 describes two types of methods of beat conduction sdutiou ,
- leading to the temperaturs responss rate, ‘Dus to the highly transient
. natare of the agm problem during dsceleratica along a trajectory pltb -
- the mmd!oruhh‘th nmm:aspmn
‘a‘ dccthutor mrm: g

‘”‘-_".&omdh&uhmrm{mumibruu
‘ mmmu»mm:mmm
rs, Heace, muy-»&v,

‘_’_"hauhb ’
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is divided up into a numbcr of layers, the heat balance can be written as:

k cd
%)T(Ti-l "Iy - (Tt T )7 SR -T) (74) ;
A At the outer surface, the following heat balance can be written:
2 &,
s Z(T -T ) ac (T - T,)
4 & 2 ] 1 {75
MTyw - Ty) -E¢ (Tz -1, ) 5y, AYZ = AT (75)
El L?

™ 1T 7" " The inner surface may be considersd an adiabatic wall in most cascs.

However, if a2 heat transfer occurs at this surface, the appropriate
boundary condition equation can be specified.

If one considers the previous calculations of the heat flux rates uncoupled i
from the bheat conduction problem, then these must be adjusted to fit the

proposed heat conduction solution. I one assumes that the beat flux

, rates were calculated on a cold wall basis, then the following modifica-
. tion may be made to adjust th~ external heat in terms in Equation: 75:

2 ‘i-*__ T ‘ ‘ b (T, w " Tl) =9,

T -7 ‘ ‘
a\a- 1 ) (76)

=9 (’r‘"‘r‘-’
‘.CW aw CWA

These equations are readny adaptable to a digital computer languqe A
d“cnpnon of an erample -solution follows. _

e e T

'_,'ra-«tcneuuudmsummud Valges b

' BALLUTE fabeic temperaturs values wers salculated wsing the thermal
. . analyses methods rresented sbove for the actuai TH-4 BALLUTE flight
L oonﬁiﬁom. Thp pu: gmu was ta mﬂm Y compmaon wich menmxrcd m‘ws,

i 'Tb dcyhymm? ;adu d &s BALLUTF docehrmr was eoslblwhod from ok
"' radar tracking data as taking place at a 226, 700-t altitude and » 9126- S
“ . 'ips velocity. . Ca the hasis of the wake trmi:ion criteria presented, an
" evaluation of Equation 68 shows ibat, mmmmmgmw‘.dm ,
. trajectory, the decelurator should be in & laminar svake. Thus the' culn-
ation of the beat transfer coefficient was based on Equuoa 69. . The cold
S wall beat flux rase for the mast critical pusition on tie Joc-lontor sur-
L _,_Mu Mnmrigun SEA as 4£mcaonokum olﬁigbn N

..""":-':';?hnwm“dacuamuuwry tnjcctorymm'!
: mmmummcﬁummmm and the results
m-mlym aanthmh: ;7 ’!‘mhﬁn{: cmmm R
nmmmwwwmumuwm B
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Figure 56 - Cold Wall Heat flux Rate: (A) Depioyment; 13) Re-entry

leadmg‘body Until about 700 sec, the dacelerator is encompasced in a
turbulent wake with transitions either on the leading ba&y or immediately
bebind the bsd; N ;

As a recult of this criterion, he heat input ints ‘h2 decelerator m:ena.
wuat be calculated partially by using Equation 69 for the laminar wake =
case and then usiang Equation 70 for the turbulent woke tase. The resulte =~ i
are shown in Figure 56B., The laminar cold wail heat {lux rates rise -
rather slowly 2e the bodies re er tho atmosphers and gradually resch
- aheat flux rate of absut 2 Btu/ft€ -sec at 695 sec from lzunch. The heat’
- flux =stes increass on the criticai position on the de ater surface un-
il a cold wall turbulent beat flux rate of about 19 Btu/ftf -sec is reached
at 700 sec from iaunch. Thtreaiter, the hu:t ﬂm& rate dcmasu qni:e .

" »-rqﬂ&iy. B

~ The tgmparatnm uopomo o& the decelerator mﬁa was caleuliated nexi
ou the basis of the cold wall heat flux rates and the transient heat conduc-
 tion egquations prerantad eariiar. The resuits are shows In Figure 58 a»
= function of time of Rigkt aloag with the tclemstersd tymparatnre dats.
“ The isading vehicie total temperatura probe data are presented for refer-
Ca ence. Since the total temperature probe is not designed to read tempera -
- tures in excess of 2000 ¥, no corrciation is attempted betwien the proba
“waluos and Fhe mommmcmum in tho case of re-satry:
- fiight, &QMWWWMnc pmgnmmﬂtahhm
Mmuw B o _
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Figure 58 - Flight-Test TB-4: Predicted and Measured Temperature

Looking at the decelerator material temperature response during the
exit flight phase, the telemetered results show a quick rise to about 137 F
and a su*sequent cooling to about 80 F as the upper rarified atmosphere
is reached. The predicted surface temperature, as well as outer Nomex
rurface temperature, is presented for this portion of the estimated tra-
jectory path. This predicted temperature is based on the heat transfer
coefficients obtained using Equation 68. The surface temperature in this
case is predicted to reach about 280 F in about 10 sec and then cool as
the test items continue to gain altitude., Thus, the predicted tempera-
ture evidently overestimatas the telemetr red temperature by about 150 F
during the exit flight phase,

Turning to the re-entry flight phase, the same compariscn is made. The
telemetered results show that the material temperature had cooled to
less than 0 F during the 10 min of flight in the rarified atmosphere. An
estimase of this radiation cooling effect indicates that, for 2n absorption-
to-emittance ratio of less than one, this is admissable. Althougk no test
data are available on the absorption or emittance characteristics of the

coating maaterial, the material type showe 3 trend in the dirsction of a

ratio less than one.

As the test velicle re-entera the denser atmosphere, the BALLUTE ma-
terial temperature response indicates a slight rise initially and then

rises to about 270 F at 696 scc from launch, whereupon telemetry signais
from theae circuits ceuse. In the pradicted case, the temperature is
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i®

assurned to be 14 F at 684 sec¢ from laurnzh along a calculated trajectory;
the temperature response of the material is calculated from this tempera-
ture level.

‘The initial predicted temperature rise is based on a laminar wake and
shows the temperature rising to about 40C F in 11 gec. 'The comparable
rise in the telemetered data is about 270 F. At the end of this period,
the wake i3 pradicted to undergo a traneitior to a turbulent type. Thus,
the heating rates at the BALLUTE surface rise quite significantly as
ghown in Figure 56A. The predictec temperature shows a rise to a value
greater than 700 F in less than 5 sec from the onset of transition to tur-
hulent. This is in excess of its 'oad-carrying capability at an elevated
temperature, and apparently it corrciates with the cessation of telemetry
readings for material temperatures.

Comparison of the predicted and experimental data for this test flight
demonstrates that the methode developed for analyzing BALLUTE decel-
erators in the wake of a leacing bedy yield a fair degree of accuracy in
establishirg environmental thermal effects and temperature response of
the material.

Typical thermal properties of the materials used in this test flight are
shown in Table XX. The properties of the D-65 coating material were
obtained from the Dyna-Therm Chemical Corporation, while the Nomex
data were extrapolated from the data presented in Reference 69. On the
basie of these properties, as well as information regarding the proner-
ties of the materials utilized and the simple methods of analysis developed,
it is concluded thoi the thermal design ¢f BALLUTE decelerators may be
conducted within the limits cf applied engineering accuracy.

Liquid Cooling Consicerations

During the establishment of a rapid partial inflation technique, several
vacuum-chamber, wind-tunnel, and free-flight tests were made. In the
THB-3 tests, the effect of vaporation on the material temperature was very
pronounced hecause of the relatively low aerodynamic heating rates com-
pared to the rapid heat absorption capability of the liquid and its vapor.
Flight test results of the effect for TB-3 are shown earlier in Figure 40.
For the metal BALLUTE, the effect is given in Reference 45 and is shown
later in Figure 65 of this Phase II report (Section V).

TABLE XX - TEXTILE BALLUTE: THERMAL PROPERTIES OF
MATERIALS IN FLIGHT TEST

Thick- Specific i Thermal
ness | Density| heat conductivity

Material Pcsition {milj | (1b/£3) | (Btu/1b F')| (Btu/ft-hr F)

D-65 Outside surface 7 63.6 0.2% 0.053
Nomex | Fabric 11, 84 oz/yd? | 23 42.0 0. 35 0. 032

D-65

Inside surface 3 68.6 0.25 0. 053
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Both sets of data indicate that a rapid transfer of heat occurred between
_the BALLUTE fabric and the vapor. The {light-test conditicns were

Mach 4 at 98, 000 {t in an ascending trajectory of approximately 80 deg.
Three therrmocouples measured the cloth temperature. They were lo-
cated along a gore, with a third thermocoupie located at a position cor-
reaponding to one-half the BALLUTE diameter and maximum aurface
slope. The values versus time starting at deployment are shown in Fig-
ure 40, The liquid solution used was 12 oz methyl alchol and 4 oz water.

Since the flight was short and the BALLUTE was packed in a dual wall
container, it was anticipated that the contained fluid would masintain its
temperature untii deployment. The energy available for vaporization is
{1) the sensible heat in the solution itself as a liquid and with the water
-becoming ice, (2) heat in the fabric, and {3) heat in the incoming air.

The heat required to vaporize the methyl alchol is 482 Btu/lb, or 12/16 X
482 = 362 Btu. To vaporize the water, 1000 Btu/lb are required, or
4/16 X 100 = 250 Btu, While the exact sequence of vaporization has not
been established, the following action sequence is postulated (see Figure
59

1. Alcchol vaporizing absorbs heat from alcohol liquid
(A toward B)

2. Alcohol vaporizing and alcohol liquid absorb heat
from water (A to B)

3. Alcohc! vaporizing and alcohol liquid absorb heat
from water freezing (A to B to C)

4, Vapor and liquid absorb heat from fhe fabric by con-
vection (B-C to D); all alcchiol is vaporized at 70 F

5. Convection heats 12 oz of alcohol vapor, and BAL-
LUTE pressure becomes 560 psf at 600 F -

MATERIAL, SEAM, AND JOINT TESTING
General

The criteria and procedures for TB-1 and TB -2 material selection, ma-
terial qualification, and fabrication techniques were generated during
ADDPEP Phase I. A tabular comparison of test result data for in-plant
testing of fabrics, seams, webbing, and sewing threads is presented in
Section {V of the Phase I report (Reference 1).

The selection and qualification of the materiais and the generation of fab-
rication techniques applicable to textile BALLUTESs was continued during
ADDPEP Phase II. The data from tests of materials, seams, and joints
were reviewed, and the values for the major structural members appli-
cable to TB-3, TE-4, TB-5, and TB-6 were abstracted for use in the
selection of materials for BALLUTE fabrication.

e e AR A T D R T T

‘

ik

H
2}

¢ e

A i 3 e et

o R SR A




'SECTION IV - CEXTILT BALLUTE DECELERATUKR AFFDL-TR-67-25%
R ¥ ¥ e ,
7 ] - EH)
o.18 -
1D AL GAS PRESSURKE
FOR 12 QX OF ALCONOL
IN A S¥Y BALLUTE
o X1 \\
28 & . r/‘/r.w
0.1 e ——
e
R » ALCOHOL VAFPOR PRESSURE
SURPLUS 4LCONOL — VS TEMPERATURE
o.10 SELOY IDEAL L1
PRESSURE LINE
0.08
s
w
[
[ 8
-
0.08 M
3
-
2
]
X
>
0.04 7% ;
[+]
| S
o
‘ 42 4 ALCOMOL - WATER AS ICE ot
-3 } 4 | -
g 2T "
- 5.
2 L/ ‘&A 4 - DEPLOYMENTY S
; 3 ALCOMOL - , vor &
WATER AS A ' -
FLL0 3
I R 1 J - ¥
-~ ' 0 80 100 180 200
TEMPERATURE (RAMRONKEIT)
Figure 59 - Caleulated BALLUTE Internal Fressures and Temperatures

Based on TB-3 Flignt Tes* Conditions




~SECTION IV - TEXTILE BALLUTE DECELERATOR AFFDL-TR-67-25

‘Material Selection

In view of the TB-3 and TB-4 loads, design factors, and material require-
ments, Stern and Stern HT-122-45 11. 84 oz/yd? Nomex cloth was selected
to fabricate T8-3, TB-4, TB-5, and TB-¢,

Materials Test Daia

The HT -122 Nomex cloth used for the gores, inlets, meridians, and
risers waga tensile tested; the test resuits are shown in Table XXI, Part A,
Test result data for gore and riser seams are presented in Table XXI,
Part B. The characteristics o the sewing threads used in EALLUTE
fabrication are given in Table XXI, Part T,

Exact static margins for the inlet attachments, keeper rings, and loops
have not been established by static tests. However, fuil-scale wind-
tunnel tests for as long as five hours have established their structuial
strength and acceptability (Reference 45). )

Permeability tests were conducted usizz helium at a pressure of 3 cm of
water across specimen coated with Dyna-Therm elastomer to the design
values; i. e., one light coat each side, plus an additional heavy cc2t in-
side and two additional heavy coats on the outside. The values measured
under these conditions on thi Cambridge permegmeier varied from
equivalent to 0. 001243 ft°/ft%/min to 0. 01368 ft3/£t/min.

Nomex strength variation with respect to varying thermal conditions is
shown earlier in Figure 53 as percent of room temperature strength ver-
sus temperature,

Materials were heat-tunnel tested to determine their response to heating
conditions similar to the TB-4 flight conditions. The Goodyear Aero-
space heat tunnel is a continuous flow facility that uses heated high pres-
sure gas expanded to Mach 8. The samples were mounted in a control-
lable holder downstream of the nozzle. The holder was within a large
test chamber evacuated by a four-stage ejector pump system. Heat flux
rates were controlled by the stagnation temperature (to 1400 F) and by
the stazgnation pressure (to 150 pei) of the gas. Heat flux rates to 20
Btu/ft-sec were accomplished easily with the heated gas system. The
stagnation and chamber pressure ratio was set to match the Mach 8 noz-
zle pressure ratio requirements. The diameter of the exiting flow under
these conditions was approximately two inches.

A list of the better candidate coatings and the test conditions are pre-
sented in Table XXII. The coated specimen were tested at 40 deg to the
flow, which corresponds to the BALLUTE surface at the maximum heat-
ing conditions. Lower angles also were used for uncoated samples as 2
control, All apecimon were two inches wide and were preloaded. Pre-
load values were used in conjunction with Figure 53 to obtain a gross
check cf tha average fabric temperature at failure, ~ All the coatings gave
a considerable increase in the time to failure, from 6 to 20 times.
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TABLE XXI - NOMEX TEST RESULTS AND
CHARACTERISTICS

Part A - General Tensile Test Results

Width Rated Ultimate load
Material {in. ) strength | Application (1b)
Nomex HT-%ZZ, Cloth ... Gore and Warp: 538, 33 per-
11, 84 oz/3yd A 1-in. wide inletd cent elongation
= 45,7 ft3/min, | ravelled ! Fill: 548, 31.2

percent elongation

Nomex, similar | 1-in. wide | 3000 | Meridian High: 3100
to MIL.-W-5626 and risers | Low: 3050

Ay
\

Part B - Webbing Seama Tensile Tests

Wwidth

Specimen {in.) Stitching Appiication | Average load
Nomex HT-122, 2 4 rows, F thread,| Gore seam | 450 average
5/8-in. wide 10 to il per inch per inch
double felled seam
Nomex webbing 1 Two 2-1/4-in., Riser seam | 2850 average
MIL-W-5625, 3 point spaced,
double 3 point 1in. apart,
seam 3 cord, 190

stitches

Part C - Characteristics qf Sewing Threads

Tensile - Loop 1 ’ S

: - strength _strength © Weight _ Diameter .
Sise (ib) )y | (gm/) (mil)

E | e 1. 69 ©0.0197 125
F | 1668 | 244 | 00453 | 1350
FF 23.00 1 35.58 | 0.0631 | 16.75
- 3cord . 23,50 | 3598 10,0607 14.75

6eord | 4444 | 68.54 01248
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TABLE XXII - TEST RESULTS OF MATERIALS USING
HEAT TUNNEL*
Wmﬁ:m

Preload (per-
cent of room
Angle to temperature Time to Helezﬂux
Item flow (deg} quick hreak) failure (sgec) (Btu/ft°-sec)
Bare 10 10 No failure 2.8
after 0 sec
Dare 20 10 ‘ No fajlure 3.1
after 50 sec
Bare 30 16 No faiture 6.1
‘ after 60 sec
Bare 40 10 15. 60 12.9
Bare | 40 10 11.56 12.9
Conted with 11-12 mils ) o
. =65 (Dyha-Theria) - = - 40 - ) 5 95.20 12.¢
Coated with ''-12 mils
D-65 (Dyna. Therm) 40 5 70. 45 12.9
W/9 mils 92-009 silicone :
(Dow-Corning) 40 L1 78.50 12.9
W/9 mils 72-009 silicone
(Dow.Corning) . 40 5 129. %0 12.9
W/11-15 mils GE RTV 511
{General Electric, Silicone
Products Dept. ) 40 L3 115. 60 12.9
W/11-15 mils GE RTV 511
{General Electric, Silicone
Praducts Dept. ) . 40 5 211. 70 l i2.9

Using Nomex HT-72 (8.67 ot/nq yd and o 398 Ib/in. room temperatuve warp strength) aad Mach 8.

8. LESIGN AND FABRICATION
General

i»

: »Durlng ADDPEP Phue u. two buic taxtile BALLUTE designs of similar

construstion but of aughtly dnhraat conﬁguution were des gned and fab-. -

riccted. :
l}.}_ Conﬁguraticn Om TB-3
Conﬁgnution Tvm' TB-4, TB 5, TB-&

: The tast BALLUTE Md in iis doplaymut Iug formed tlw test de- )
‘,Vcohnto. merqo as it is stowed into the Test Vehicie C. The stowkge

 {s abown in e 4, Sectioa 11, of this report. BALLUTE

‘!‘B-S was fabricated to the detail requirements of Drawing 530A005-022
~_aad is described in detaii in Reference 41. A complete description of the
"BALLUTE decelerators is presented in Section IV of the Phase I report.

~_(Raference 1), Significant details of only 'rna. TB-5, and TB-6 are in- )

- } :cWhﬂu tc ywing dhm-toa.

r;-,_..‘"! E
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BALLUTEs TB-4, TB-5, TB-6

1

(1) Design

Sheetl_ one and two of Drawing 530A005-201 (Reference 70} show the Con-

ration Two BALLUTE assembly and gore patterns. The configuration
TB-4, TB.5, and TB-6 is shown earlier in Figure 40; characteristics
are defined in Figure 51. The BALLUTE is without a fence, and the en-
velope contour is the same as TB-2 and TB-3 (also shown in Figure 40).

The BALLUTE has 16 gores and 16 meridian webs. The bias gores are
patterned to provide the correct lobe radius for this structure. The 16
meridian webs and the riser are formed by placing 8 webs continuously
- around the envelope and into the riser, forming the 16 riser webe. The

webs are Lrought through a 6-in, -diameter keeper ring. This ring ie
oA S constructed of 12 turns of cu.d made from o ivomex 6-cord twisted to-
gether «t a point 14.5 in. forward of the keeper ring. This Arrangement
is intended to keep the meridians oriented and loaded equally and to de-
crease the angle change at the keeper ring.

Al) the cloth used in the construction of the BALLUTE envelope is Stern
and Stern Textiles, Inc., Patiern Number HT-122 plain weave Nomex,
woighing 11. 84 oz/8q yd. The Nomex webbing in the meridians and riser

- is similar to MIL-W-5625; it is | in. wide and has a rated strength of
3000 Ib,

For cloth strength, all seams are sewn before final coating. Enveicpe
gore seams are double-felled with 4 rows of stitches. After BALLUTE
assembly, additional coats of D-65 are applied to the entire envelope
surface {vce Appendix III). The coating serves a two-fold purpose: (1)
decreases the porosity of the fabric tor proper inflation and (2) protectl
the cloth during asrodyramic heating (see Appendix IV)

. was done by moving the inlets more forward into a region where there is
lese movement and a much more flexible inlet structure. Thus, the
.. movement of the fabric during the early inflation process does not resuit
" in eritical loads in the {rames or iclet structuie. The lmet deoign ic
,prncntcd in dnwing 530A005 -G!S (Reieroncc 71)

- The h\hz position on the onvclopo in zpproximately the same as that oi b
" TB-1A and TB-1B shown earlier in Figure 51. Thc mouth of the inlet is
" normal to the contour of the onvnlopq. which differs from the 30-deg
- slops angle of TE~1 and TB-2. The metal inlst frames, spring:t and
buse, which were used in prior units, were eliminated. The only metal
. now used is a flexibls seven-wire hoop incorporated into the inlet lip a- ‘
: *‘uu, Wabs are prwidnd for initial erection and support of each inlet. .

mn fﬂi um n th. locll high Iuat!n‘ rates. S

athod of erecting and l\a,ppo  the inlets ultng !clded 0. s-xp
s detailed in |

136 -

webs end at the riser attachment loop. At the front of the BALLUTE the

Changu were made to !mprovc the reliahility ‘of the inlet structure This

uﬂ coating thickness wers added to the inlet hp: and regi-mu nf :

bl awing $30A005-20] (Reference 70). A top cen- .
B boﬁm cmu atuchmont to'the inlet hoop was seloctod to allow o
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v ~ the inlet to align itself latorally to the flow. The inlers were provided
_— with rocks to prevent reverse fiow. ’

y 3 pr@inﬂanc-n system using liquids is used to attain an early inflated
shipe &nd {0 cool the structure during tha initial high heating rates. The
liquid {s & solution of 12 oz methyl alcohol and 4 oz water; this liquid is
contained in *w» latex bladders both placed end to end within a 2-piece
cloth cylinder (bag) that was held together with lacing.

The fluid bag assembly is shown in Drawing 530A005-111 (Reference 73).
As poesented in Drawing 530A005-036 (Reference 73), one end of the
cylinder is attached to the noce of the BALLUTE, and the other end is
attached to the rear of the BALLUTE/deployment bag. As the BALLUTE
is stretched during deployment, the lacing is brcken and the ¢yiinder is
© pulled into a forward and a rearward half. The rear latex bladder is
o attached to the forward half of the cylinder, and the forward latex bladder
ke “-1B Sttached to the reasward half of the cylinder; thus, the bladders are
‘ broken and the fluids dispersed during the separation of the cylinder.
Vaporization of the fluid resultc in envelope initisl pressvrisatior and

cooling.

Five chromel-Alumel thermocouples are woven into the envelops cloth N
prior to coaiing. The wires from sach thermocouple lead over to adja-
et meridians and then forward to the riser and connection to the test
vehicle, The thermocouple location and instaliation techniqua is rhown
- in Detail R of Drawing 530A005-201. (Roference 70). -

A hose from the forward portion of the BALLUTE anvobopo transmits the | .
" pressure to the test vehicie. The hose cousists of a latex tube with a :
continuous wirée spring inserted within to prevent tube collapse. The
‘latex tube is within and is svpported by a *ubular web !rom the BALLUTE
' to the prauuu eramducez‘ in the mt vohiclc.

‘(;1 »’.,Flbricat.en

S -»!‘abrluﬂon wee buen dane tcmdlng to the dmm dutgn rcqniremnn of
- Drawing 530A008-201. Prior to dimensional marking and cutting, heat-
" - o sot and scoured Nomex cloth is stretched and clamped on frames with
. 'warp sud fill linearity established. The cloth is then primed with a thin L
- eoat of Dyna-Therm. D-65 slastomer. Tomplates dimensioned to Draw- ~  }- -
-ing $30A005-201 are used as & guide for marking and cutting the stable R
Nemsi fabric, Prior to closing the final gore seass, s thin coatands k -

_full cont dre appiled to the total envelope inside surfaca. An s/iitional
|  full coat is then apnlicd locklly to the stitched sreas, Next the BALLUTE
7 de nlosed, sad two full-coats are applied to the vuteids of the fabric.
L After the BALLUTE is complctcly fabricatcd. the uqnid n\iﬁal punur-
T umg fcy.u.m h mmnu

The . = hg tor u-c, u-a, ud 'rnas ts ustam! in anin.
.sam-aso (Refurence 74). The deployment bag is fabricated from
lon materials and is appmulw.cly 20'in. in length, 15.5in. in dlam. =

and M to fit tko lut m conuimr. : ‘i’ho bq is rohiorcod
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9.

14

(1)

)

| with six equally spaced webs and three latcral webs, one around each

end and one at the center. The six external longitudinal webs are attached
io the bag rearward balf and become the bridie to the test item container,
BALLUTE storage requires two bag cornpartments. Compartmentation

is accomplished by loops of webbing sewn longitudinally to the inside of
the bag. The rcarward portion is used to retain the envelope, and the
forward prrtion is used to stow the riser lines.

DEPLOYMENT SEQUENCE AND FACKING PROCEDURE

Domn Sequence

The BALLUTE deployment system is shown in Figure 60. This system
is illustrated by a sequence of six steps that represent various timee and

- events from the start of container separation to BALLUTE partial infls-

tion.
Packing Procedure
Installing Fluid Bag

Prior to packing the BALLUTE into the deployment bag, the fluid bag

' the initial pressurisation liqaid is installed into the BALLUTE
envelope. The method of filling and installing the fluid bag is presented
in Drawings 530A005-036 and 530A005-111 (References 72, 73). The
fl=id bag instal’ation is accomplished through an envelope inlet.

Folding BALLUTE Eavelope into Longitudinai Pleats

The savelope is folded into pleats as shown in Figure 61. The folds are

 laid sut to keep the final pleated arrangement approximately 12 in. wide.

The inlets are pocitioned so that they are arranged in two groups of two-

. high each. Tbe folding is started by orienting the envelope portion con-

taining the forward fluid bag lanyard within the fivet (hottom) pleat. The

. fluid bag is positioned at 90 dog to the BALLUTE axis and .t a point ap-

" proximately 15 ia. in front of the inleiz.
. ‘The first fold is made as close possible to the front of the iniets, sothat |
' " eavelops folding ls contioued using serpentine folds. When the BALLUTE

s i eompletsly folded, ittot_msn,._agk approximately 12 in. square. -
" A single MIL-C-5040 Type IIl Cord (550 Ib) is ussd for the apex vord in-
. stallation (Reference 73). The ead of the cord s doublad back in the knot

area, and a bowline is tied in the doubled cord around the iop four webs

dw .
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PORIZATION OF
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APPROXIMAT &
wils LOCATIONS

Figure 61 - TB-4 Longitudinal Pleating Arrangement
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the mark specified m

~ Dr.hg 530&005»036 within _as bcp (R.atonneo 73)
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folding technique, keeping the ernd loope oriented and free from twiste
with respect to the deploynient bag. Zach fold is tacked to an inner lock
cord, with one turn of three-cord sewing through all webs except the
wire-carrying webs. Caution ia exercised duriag the stowage o prevent
puncturing the pressure nsing tube, and care is taken that the tack cora
ie not placed around the .cressure sensing tube.

Closing Depioyment Bag

The forward deployment bag material is gathered into pleats around the
riser a2t a point just beiow the cutter knifec. The pleats are stitched to
the riser with F thread in such a manrar that, when the riser breaks the
thread, all stitching pulls out freely.

The closing cord is installed by making three turns of MIL-C-5040 Type
Ll cord (550 1b) through the six outer deployment bag ioops and through

the cutter knife provided on the BALLUTE riser. The ends of the cord

are continued into the grommet lacing at the sides of the bag, one cord

end to each s.de of the bag.

A sing’2-cord pattern is laced as showa in Figure 62 and is terminated
at a L. tom grommet with two half-hitches and an overhand knot in the
tail. The cords are tied away from the cutter's edge with two pieces of
F thread, as shown in Figure 63,

SUMMARY AND CONCLUSICNS3

Configuration

In generating four flight-test configurations, two textile BALLUTE en-
velope shapes were used with variations in inlet locations, fence sizes,
and feuce locations. Free-flight or wind-tunnel tests showed all configu-
rations to be stable, inflated shapes at supersonic velocities.

Internal pressure coefficient control was attempted Ly inlet position; this
wa3s the basic reason for the many variations of inlet and fence positions,
Internal preessure coefiicients were of fundamental interest since the
most efficient BALLUTE structure design considers the internal and ex-
ternal pressures, Wind-iunnel and free-flight test data revealed that,

at Mach numbers greater thar 2.5, the internal pressures for a trailing
BALLUTE were greater than needed for a BALLUTE with an included
angle of 80 to 8% deg. The test data also showed that, for the many inlet
locaticna tested, the values increased and reached a plateau above Mach4
{Figure 49).

All the datu presented as symbnls in Figure 49 are ADDPEP f(ree-flight
tesis or wind-tunnc | versions of former flight-test units. The curves

are based on the rcsults of measured values over the complete Mach num-
ber range. (lard models utilizing many inlet configurations are used with
and withort a missile-type forebody. Two analytical curvss are presented
for reference - one based on a one-shock system from free-etream con-
ditions and thc other on a two-shoack system irom free-sirsam conditions.
The two-shock system provides good correlation with test data to Mach 4
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for towed units. For units without a forsbody, the valucs are lower but
above the one-~shock system values.

It is not known why there was a large variation in measured internal
preesure coefficient near Mach 3 in the wind-tunne!l tests using flight-

type units. The high inlets were expected to have less recovery than the
low for test item TB-3WT; however, the values for TB-1BWT and MB-1
were far below anticipated values. Baeed on these rasults, it is con-
clude< that the instrumentation approach and the flow phenomena approach-
ing the inlets need further investigation.

Aerodynaimic Loadings

Cn the basie of tke free-flight and wind-tunnel test results, the selected
configurations did take their predicted shapes while under load. These
shapes were determined from estimated internal and external pressure
distributions. Analytical approaches for determining the external pres-
sure distribution are presented in Reference i, and distributions for
higher Mach numbers are presented in Figure 48, The correlations be-
tween analytical and wind-tunnel values are sufficiently accurate for en-

ineermg use of the analytical methods up to hypersomc Mach numbers
%greater than five). In the hypersonic regime, the forebody wake reduced
external pressure coefficient values near the central portion of the BAL-
LUTE below those predicted ignoring the wake.

The drag values measured in the wind-tunnel correlate with the free-
flight test data (Figure 50). The wind-tunne! values are more consis-
tent with each other because of the more accurate knowledge of the test
conditions. Based on these results, it is concluded that the wind tunnel
is an excelient tool for BALLUTE drag and stability measurements.

Filling times are normally defined as the period from snatch load to
maximum load. With a BALLUTE, this occurs when the internal pres-
sure coefficient iz approximately one. Free-flight and wind-tunnel tests
indicate this occurs in approximately one second (References 47, 42, 54).
Filling time to this condition can be calculated using methods presented
in Appendix VI of the ADDPEP Phase I report (Reference 1). Normally
at free-stream Mach numbers greater than two, the pressure ratio
across the inlet is sufficient for sonic flow within the inlet until an in-
ternal pressure coefficient of one is attained. Figure 49 presents typical
pressure coefficient values at the inlet,

Methods to reduce fill ing times were also investigated. Wind-tunnel
tests were conducted using 12 oz alcohol and 4 oz water as an inflation
aid. This measure decrvased the time to maximum drag to two-thirde
of the time without an inflation aid (Figure 41). The effectof the liquid
on the filling time can be determined by calculating that portion of the
total BALLUTE volume {illed by the liquid under the temperature condi-
tions existing within the BALLUTE at an internal pressure coefficient of
one.

Geometry
Review of the wind-tunnel data films indicates that firm envelope shapes

143
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can be obtzined with all the configurations (Mach 2.6 to 3. 0). Based on
these observations, it iz concluded that no changes are required for

georaetry analysis.

Structure

Inspection of the BALLUTESs after each test confirraed the structural
adequacy of the envelope, fence, and meridians for the design conditions.
Problem areas were limiied to the inlet structure on TB-3 and the coat-
ing on TB-2. The inlet structure was impreved for TB-4, TB-5, and
TB-6 by eliminating all metal parts except the hoop in the inlet mouth,
This hoop was changed from a single wire to a multiple wire cable type
structiare to allow greater flexibility.

The TB-2 coating was applied to TB-3 teck.uiques, and it performed sat-
isfactorily. No prcblems weré associated with the other coatings., Pres-
sure instrumentation was associated with all flight tests. A tube carried
the pressure from inside the BALLUTE to the vehicle transducer. On
the TB-3 and TB-4 flighte, five thermocouples were also imbedded in

the envelope fabric alorg a gore. Light wire woven into the fabric and
over to the meridians carried the readings forward to the vehicle instru-
raentation. - Baged on the tests, the pressure tube and the thermocouple
approaches were structurau; adequate for obtaining data. :

Thermodynaxmc Analxaxs

A thermodymmic analysis was performed to (1) compare the predicted
material temperature values with the measured temperature values for
the Th-4 flight test and (2} evaluate the predicting technique. Based on
the evaluation, the prediction technique is considered acceptable for en-
gineering design. One réason for some conservatismn during the ascent
phase is omission of the heat absorbed by the liquid vaporizing. This
amounts to approximately 700 Btu or 100 F in BALLUTE material tem-
perature,

The effect of fluids on the RALLUTE material temperatures can be geen
more clearly on the TB-3 test, wherc the heating rates are lowsr and
the cooling action is more obvious (Figure 45).

Materizls

The materiais selected performed as requirec and included (1) nylon
coates with neoprene, (2) nylon coated with polyurethane CUR 714, (3)
Nomex coated with Silastic 131, and (4) Nomex coated with Dynatharm
D-65. No appreciable differences were found between nylon and Nomex
as the structural cloth or webbing for accepting the loads. High eff1-
ciency, gas-tight seams were establishod in both materials by using
tightly woven, plain weaves. Cloth was hsat-aet and scoured by the sup-
plier to reduce shrinkage and to clean the material before coating.

Naoprene and polyurethane CUR 71A proved satisfactory coatings for
rylon. The polyurethane was more flexible and penetrating than the neo-
prene, Silastic 12} lmd Dynathcrm D 65 wore used satisfactorily with
Nomex cloth.
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Dﬁaiﬁn and Fabrication

The basic changes to the BALLUTE designs that evolved during Phase II

were for accepting higher heating rates and/or higher loadings than the

designs presented in the Phase [ report {Reference 1), Aside from ma- !
terial changes, the design changas were associated with the inlets, the

fence, and the partial inflation and cooling aid. Based on the program

results, it was concluded that the final inlet designs are structurally

superior to the metal-supported designs. The wind-tunnel tests con-

firmed that a BALLUTE is stable without a fence at supersonic speeds. §
The inflation and cooling aid approach appears to be practical for high -4
altitude use and should be considered in the design of a BALLUTE recov-

ery system.

Deployment System and Packing Frocedure

The deployment ard packing procedure was satisfactory for all tests. No
changes are recommended for further tests.

A

© (Reverse s buask) . - |
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SECTION V
METATI BALLUTE DECELERATOR

i. GENERAL

a. History

The analysis of BALLUTE decelerators at the higher Mach numbers and
associated aevodynamic heating pointed to theoretical limits in the use

of textiie ciuvihs and the need for a BALLUTE fabricated from metal cloth
materials. During ADDPEP Phase I, the investigation of the design and
fabricatinn of a metal BALLUTE (MB) decelerator was concurrent with
the task of textiie BALLUTE (TB) develocpment. The goal for the metzal
BALLUTE was XMach 19 at 200, 000 ft.

®

‘'Three metal cloth BAL LUTE decelerators were designed and fabricated.
Two were wind-tunnel models, designated MB-1WT1 and MB-1WT2.

Both were tested in wind tunnels for progressive study and =valuation of
the design and construction requirements for a flight test model. The
third metal cloth BALLUTE, designated MB-1, was a prototype flight

test model, and was tested satisfactorily in the wind tunnel. The design
and fabrication of two other metal cloth flight test BALLUTE decelerators,
designated MB-2 and MB-3, were considered btut delayed pending evalu--
ation of the performance limits of coated Nomex cloth BALLUTES,

I

Conditions

The test environment for the metal BALLUTEs wae originally interded to
extend the BALLUTE decelerator applications iuto the areas where aers-
dynamic heating would preclude use of Nylon or Nomex fabrics. The test
item deployment conditions at the begianing of each trajectory are pre-
sented in Table XXIIl. The changing parameters aft:r deployment for
MB-1, MB-2, and MB-3 are similar to $he curves for TB-4, TB-5, and
TB-6 (Figure- 37, 38, and 39, Section 1V). ‘Therefore, the MB curves
are not given in this aection. : ‘

& _Conﬁm;stion Selection

© Al c.onlideutlons fcr the evolution of textile: BALLUTE configurntionu
- are applied to the configuraticn selection for the metal BALLUTE serics.
- The basic isotensoid shape and cdnfiguration of TB-3 (Reference 75) was
... selectsd for MB-1. The MB-1 configuration is shown in Figure 64. The
" geometry does not include the usual burbls fence attachment found on ‘
~ - ~TH+} and TB-2 since it waz not desmed necessary for hypersonic gta- ,
. bility at the selected altitude. This approach simpiified the construction
for this initial test condition, and the TB23 free-flight test proved feasi-
btnty Dimuuiom of configuntion are givcn in Item 4 oi thu uecﬂon.

.3_‘?;-';;; wnro~rnmx. TESTS A
h Thc purpou of monl- BALLUTE wind tunncl tnung was to uublhh a

| w‘l: G

-
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TABLE XXIII - METAL BALLUTE INITIAL FLIGHT
PARAMETERS AT DEPLOYMENT

Design configuration P .

Conéition MB-1 MB-2 MB-3
Mach number 5.7 7 11 ’
Altitude {173 £1) 120 130 220
Dynamic pessure (psf) 220 215 15 E
Flight :.th angle {deg ascent) | 75 .. {

Ballistic coefficient of sys-
tem {psf, misceile plus:

BALLUTE) 30 30 36 o
Reynoid's number ( /= 5t 6 ! ’ o
diameter) 1 X10 o . . e - ‘r."ff
Booster combinations® HJ-N-L | HI-N-L | XM-33/2XM-19-L Lo

*Datinitiom: HJY = Honest John; N = Nike; L. = Lance

g ' . final design for ihe flight teat item,
a : - MB-1. The firsi metal cloth BAL-
: LUTE design aelected for wind- -

tunnel testing, MB-1WTI1, has a
E | 60~-in. diameter and the configura-
= tion of the textile BALLUTE TB-3.
e . The MB-1WTi unit was fabricated
~ from Cloth B-304S stainless osteel
. fabric and state-of-the-art fot join-
¥ '-hg to the detail desiyn requirements
anin. SSQAGOS- 21 (quounco

L

' -m MB- mr was tuted at AEDC
"_0323 Dccember 196¢ (Rdunncu
3 'ud a lru~¢mm dyanntc pres-
© . sure of 118.9 vef.  Deployment was
7 normal, with the BALLUTE going
. to lina stretch and the inlets align-
' ing into the airstream.  Normal in-_
o flation cycles began and after sev-
7 eral obcillations of filling the ca~
N ,b'-vckpa separated from fhe meridi-
Ndhhcttothorurd
_“.,thamo.dhncuc. ‘Obsesrvation of N N
SRR Mclhdtht [or- : S
R Smnl hﬂiﬂmdﬁm occur. : ﬂ.un 6‘ MB-I MM MLLUTE-_




SORRESS

SECTION V - METAL BALLUTE DECELERATOR AFFDL-TR-67-25

£ further investigation of the metal BALLUTE fabrication techniques was
undertaken to determine the loads the structure was capable of carrying
under the events that occurred during the wind tunnel tests (Reference 15).
Additional samples of caadidate methods cf attachment were fabricated
and testad, both statically and dynamically (flag flutter models) for the
o . design of MB-1 {(References 9, 15). The modifications deemed necescary
=5 ..+ + for the structurzl integrity of MB-1 were incorporated into the design of
% : ' ‘a second wind-tunnel model, MB-1WT2 {References 4, 9). In addition -
to itnprovements in the attachments between the meridians and the en-
velope fabric, thermocouples for the measurement of envelope tempera-
~ ture were added to MB-1WT2 to establish structural suitability under the
‘deployraent and inflation cycle loads. Preasure tubes were located to
. measure inlet and internal pressures.

The MB-1WT2 model was aleo fabricated from Cloth B-304S stainless
steel fabric to Drawing 530A005-023 (Reference 77). It was tested at
AEDC in April 1965 (Refersnce 75).' The test results indicated normal
deployment with the BALLUTE going to line stretch and the inlets align-

ing into the airstream.  Normal inflation cycles began with the BALLUTE

1 (¥ A ' 1/4 to 1/3 full when a tear developed. This was caused either by a high
Lo inlet tearing off or by a stress concentration in the envelope material be-
e | , . hind an inlet. The tear progressed, and the BALLUTE deflated.

" b MB-l Wind-Tunnel Test

Previous failires of MB-IWTI and MB-1WT2 pointed to a possible low
probability of successful deployment for these metal BALLUTEs. There-
| ~ fory, MB-1 with structural improvements incorporated (see Section V) was
.+« & tested under wind-tunnel conditions. The liquid initial inflation aid sys-
T ’ tern utilized in TB 4, TB-5, and TB-6 wae also installed into MB-1.

" The M8 1 flight- test item was tectod at AEDC on 11 May 1966 (Refer-
.~ snce 45). Deploymnent was at Mach 2.8 and at a free-stream dynamic
- prassure of 120 psfa. The BALLUTE attained full inflation in approxi-

‘mately 0. 46 sec after full line stretca, “When fully inflated, MB-1 was_

" __stable and exhibited no oscillation. The thermacouple attachment ap~

| pr@uh wu utabu-h&d by continuity bcing pruerved dnring the tests.

J‘ig\m 651& picto ‘the MB~1 prauun and tomponmre tich. Tho tcm-
i “parature drop within the BALLUTE is the result of the vaporization of

{ “thet alcohol-water solution contained in the liquid inncﬂoa aid ayatnm
Dray force versus timo is nhm in l‘tguu 653. .

7 1:’N:Asmbmmxc ANALYSIS

o The nrodyumic nnuxycu m m n uppotu the dni.n ot Qlu BALLU‘I‘E
7 ::4e presented in Section IV, Item 3 of this report and in the ADDPEP . -
. .iPbass 1 report (Refersnce 1), ‘The configuration sslacted for the metal
T BALLUTE is shown in Figure 84, .. The pressure coefficiant diatribution -

" used for design for Mach 10 design is presented in Figure 48 {Secticn IV),
- Intefnal pressure values based on those measured using TB-3WT were -
. anticipated for design to bs three or higher. Actual measurements dur-
" ing MB-1 wind-tunnel test at Mach 2.8, using a single internal tube ﬁn
~'m tmmu uhn tpr hmﬂm pwumc coctficunt. Cpat Cle
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Figure 65 - MB-1 Wind-Tunnel Deployment: {A) Przssure and Tempera-
ture versus Time; (B) Drag Force versus Time

- 180 - 21.8 = 1.32 ' (77

c,
Pi
~ This value is mucb_loﬁer than values previously measured using similar
“configurations under the same test conditions (Figure 49, Section IV).
The drag coefficient was 0,716, which compares with 0. 733 for TB-4WT

..~ having the same envelope shape (Figure 50, Section IV).
4. BALLUTE GEOMETRY |

o 'l'ho mcttlBALLUTEdutgamedtho same basic ‘-envolopé'ghipe an
© - 'TBe2 through TB-6 (Figure 51, Section IV). No fence wa: required be- -
ocaund the test ‘uglmé;wn":tot&lly‘supguanic«. Therefore, the fence was

~ deleted to save fabrication costs.

. ’rkclln-" Qight?tiit._coﬁijuratidh evolved from a series of testa to es-
. tablish a structurally sound metal fabric design. Figure 64 shows a

Sograph of the completed unit r idy for teat. Iis dimensions are pre-
. ssated in Figure 66. The method ¢. construction is described inItem8 =
_of this section,  The wind<tunnal configurations, MB-1WT! and MB-1WT2,

ssme ehape, sud inlet locations, end dimensions as MB-1,
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STRUCTURAL ANALYSIS

General

The structural analysis for establishing BALLUTE shape and minimum
fabric stress=s .as been based on static loads since it had been antici-
pated that maximum overall stresse: will occur at full BALLUTE pres-
surization ufter the BALLUTE attairs its final shape. Figure 67 pre-
sents data from two wind tunnel tests and one flight test supporting the
assumptior: that a full shape is attained early in the pressurization cycie
and that the shape changes very gradually during the final pressurization
and maximum loadings.

Deployment tests of both textile and metal BALLUTESs indicated that dy-
namic or flagging loads can cause local critical siresses that start smali
failures leading to larger failures before pressure loads become impor-
tant. This was observed to occur shortly after line stratch and before
ary three-din.ensional inflated shape is attained. No failures were cob-
served once the BALLUTE became nearly filled. The base remained
partly spherical without becoming flat or bowl-shaped (Reference 61).

Based on these test results, it became imperative, for a lightweight de-
sign, to establish a method that would partly fill the BALLUTE quickly.
A liquid mixture with a vapor pressure greater than the ambient pres-
sure was chosen as a simple, : sliable approach for high altitude tests.

(4) WB-] WIND TUNNEL

3 - 1.0
. A o
4 cﬂ I o8
' : ' ¢
- 4 L
- - [P meranion Ay 12 mc e o
O A . { . ' s S
' 18 TO-1¥T #0 ; y : =8

FULL INFLATION AT 1,38 S8C

L.
Y

o ' 88 [ N EX Y
. . Gp ¥ CRAS CORPPICIENT BASED O S8T O/AMETYR
c,l‘g‘m‘mw :

Figure 67 - BALLUTE Wind-Tunnel and Free-Flight Test Data
. (CpendGp versus Time) . .
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SECTION ¥

With this appruach, local pressures were limited to the vapor pressures
of liquids, which are muckh less than final ram-air pressures and, there-
fore, were not consideved critical in the design.

The static stress analysis described below was based on the assumptions
that (1) with the addition of the fluids, the static preasure loads are the
sritical envelope loads; and (2) the loads occur when the BALLUTE is
fully pressurized. The design was based on the internal preassure co- i
efficient extrapolated from sclid medel wind-tunnel data, TB-1B free-
flight data, and TB-3WT wind-tunnel data. The value of the internal

- presrure coefficient for Mach numbers greater than 4 became approxi- 53
{ mately 4 based on small models; and approximately 5 based on the full- ?
’ scale models (Figure 49, Section IV). The envelope stress analysis was . =
conducted in the same manner as for the textile BALLUTEs (Section IV, )
Item 5).

Design Factors

The desrign factors to be imposed on the nominal test point and on the
room-temperature, quick- break 9trength of the basic materials for a
fabricated unit were:

1. Probable test point overload over nominal: 1.25

2. Probable increass in local static stress due to
rapid loading: 2.00

One over seamor joint effi(:iency‘ 1.16

Room temperaturo strength per loading to strength
per loading at critical loading: 1.00

Raking (strength when seam lu.lu’go becomes ex-
ceuive to uliimate seam strengzh): 1. 00

Sumcu.rd f;ctor of ufﬂy 1. 5‘0"

6

: _‘?. 'Product of thc above fsctors. 4, 35

B The values for the upar;to factots follw the nme ru&ouing as with
the texti!c BALIUTES: L

1. - Factsr ) was reduced gradn;lly towud ths mmi*
nal -est poirt as successive tests sstablished that
 the Test Vehicia C booate: cocmbinations consis~
 tently cepioyed the test ittm very near the taat
. ~poim. :

2. Factor 2 vas left at 2. 00 bacause some degrada:
- tion was expected tc tue metal fubric as a vesult
T ot npid lmdingu and rcpc;tad -!mek .m@ londh;o

4 Fucbr 3 vns ﬂ:e nmxt d‘ wdm sum tnti.
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4. With respect to Factor &, Figure 68 shows the
cloth strergth as a percent of its room tempera-
ture strength. It is apparent that the load initially
drops off as the material strength decreases due to
temperature increase. Thas, a temperature fac-
tor of one is used in conjunction with the initial
loadings for design.

5. With respect to Factor %, tests showed that welded
metal cloth seams maintain their yarn positioning
vp to the ultimate seam strengths. A raking factor
of one was chosen based on these data.

6. For Factor 6, a standard safety factor of 1.5 wase
applied,

Test Point Conszideration

The envelope cloth was tested over a range of temperatures to establish
its physical properties, The resuits are shown in Figure 69. DBased on
these strength values, the Jdesign factors, and new .internal pressure co-
efficients, the test points were reviewad. 3ince the configuration is not
isotensoid at high Mach numbers:
AN P'R
max

Static fabric stress . = 5 b /it (78)

Where:

F !max approaches i

P'is q(CP‘ - Cp )
: internal rear

P' is approximately 5 q
q is dynamic preaév: ce

Substituting:

. . _ 1(59)2.5 _
Static fabric stress .. = > = 6.25q 1b/ft

0.52q lo/in. (79)

Then:

N 140 . 269
max ~ (0,52) design factor 3 ~ design factors

= 62 psf (80}

H

269

i54

g2

e o o e
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g _Dengn Stresc o

By uging 2 value of 62 psi for deployment, the strew for tha components
is as given in the foilowing analysis.

With respect to envelope fabric, e q at full pre'nuri ctior is approxi-
mately 60 percant of the 62 psi value or 50 psf. Ueing 50 pef:

: b P'R
Fabric atrength max * g - = —-L)-—d——)l 3 520’2'5

312.5

3i2.5 lb/ft = 3

= 26 1b/in. 31)

-
-

The iniet fabric tension 2quals the pressur~ differential times the radms.

For 62 psf and AP = 54, this becomes:

5{62
4

Inlet fabric tension 5q(2. 125} ]

Z.125

4.6 h/in, (82)

‘The meridian strap tension is as follows, based on attaining K = 0.4 ia
the base portlon of the BALL UTE at AP = 5(60) psf:

PR

u

0:8(230M0:2 - 122 1 (83)

The keeper ring tension is based on the maximum drag force when fully
inflated (q = 57 psf) and the geometry. The drag force is wqual to:

- Cpas = 0.7(50)(19.64) = 688 1b (84)

. The geometry at each line ie as shown in the follbwing sketch:

Tensiuns v




can
A=F-m0n
430 e
o ‘B:- m - 43.6 lb
C= com‘- 54.3 1b
¥ = vertical reactions at interscction of B, C, and D

¥
C_sz;.n 38 deg - B sin 10 deg = D
‘ 54.‘3(0,625) ~43.6(0.1735) = D
'D=33.4-7.6=2581b
Thus:

force X radius
unit length

.. Tension in hoop =

» ' . X | - . .
- BSR 258 X016 g0y - (85)

16

The keeps=r ring tie loop is designated E on ihe 38-deg incline (sce sketch

below):

5.6 .0

A

26,8 sir 38 deg

HTY

E

'25.8(0.615) ¥ 15.91b (86)

p

The ricer static load is equal to the\dr;,g"load at 50 paf, which is equal
to CﬁqS, where Cpy = 0.7 and 0. 7(50)(19.64) = €88 ib.

In addition t~ the static luzdings, the dynami- loadings muet be consid~
ered for each component. The gore fabric in discussed earlier in this
gsection based un subsonic deployment test resuits and anticipated ampli-~
fications <uring the latter nart of the inflation cycle, These load values
and the corresponding factovs for design are presented in Table XXIV.

THERMODYNAMIC ANALYSIS

The pérformance of a textile fabric BALLUTE in a hypersonic flight en-
vironment is described in Section IV. As a point of interest, » metal fab-

ric BALLUTE was investigated to determine its capabdility under the same

T




" SECTION V - METAL BALLUTE DECELERATOR

AFFDL-TR-67-25

TABLE XXIV - M3-1 LOADS, DESIGN FACTORS, AND
MATERIAL REQU!P.?M?N"!’S

flight conditions.

ric BALLUTE,

Gore Meridian| Keeper| Keeper :
‘ fabric| Inlet webs ring |ring loops| Riser
Item {1b/in.)| (ib/in.)| (Ib, each)] (I1b) [(Ib, each)|(lb, total)
Static load (dynamic |
pressure)
q = 50 at full pres-
surization 26.00 122.00 66.00] 15.90 588. 00
= 62 at deploy-
ment 4. 60 . ..
Design factors
Overload 1.281 1.25 1.25 1.25 1.25 1.25
Dynamic 2.00;, 27.00 1.55 1.55 1.55% 1.50
Seam efficiency 1.16) . 1.10 1.15 1.15 1.20
Temperature * * 1.00 1.00 1.00 1.C0
Raking 1.00 ‘e . .
Safety .50 . .. 1.50 1.50 1.50 1.50
Product of factors 4,35| 33.80 3.20 3.34 3.34 3.28
Material strength
requirements
Basic 113.00f . .. 390,00 {220.00| 53.10 |2320.00
Seam 97.501155.00 | 355,00 {191.00{ 46.10C 1830. Go
Raking 97.50]155. 00 .
B . *See Figure 68

Using the same methods of analysis and the set of ther-
-~ mal properties listed in Table XXV, a temperature rise in the fabric was
calcula‘ed using the heating data generated for the case of the textile fab-

The results are shown in Figure 70 for a surface position on the coated

- metal BALLUTE. During exit flight, the surface temperature rises to
a peak of about 200 F and then begins to cool as altitude is gained. As
the paylosd-BALLUTE system re-enters the sensible atmosphere, aero-
dynamic haating is encountered. The surface temperature rises quickly,
peaking at 1150 F in about 10 sec efter encountering aerodynamic ioading.

The surface then cools as the system decelerates to terminal conditiom

r.‘ It thus appears that s menl BALLUTE could hava sustained the thermal

7 nnvironment of auck a fiight, since the CS-105 coating has an upper limit

pubility of abont 1400 to uoo F. This llmitmg range was cxporimentally, -

189
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SECTION V - METAL BALLUTE DECELERATOR

TABLE XXV - THERMAYL PROPERTIES OF MATERIALS FOR

FLIGHT-TEST METAL BALLUTE

AFEDL-TK-67-25

Specific Thermal
, Thickness | Density heat conductivity
Material | Position (mil) (pef) ° | (Btu/1b-F)| (Btu/hr-ft-F){ Emissivity
CS-105 | Outside 3.8 | 172.8 0.30 0.0453 6.9
surface - ‘
S§S-304 | Fabric 10.0 142.0 .13 0.0452 e
CS-105 | Inside - 2.0 172.5 0.30 0.0453 N
surface ;

12
.

flight regime,
7. MATERIAL TESTING
a. General o

teristics of the fabric and coatin

determined as reported in References 69 and 78. At the same time, fab-
ric temperatures in the temperature range up to 1200 F should be within
the capability of stainless steel alone. Therefore, the composite charac-
g materials look attractive for use in this

The prthjary enviropment considered in the selection of materials fur

AL
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[R%

o

BALLUTE applications in the. hyperconic regimes was temperature cal- .
culated to be a maximum’ of 1500 F. The material-selection criteria’
were: &

1. The material has to exhibit the necessary struc-
tural strength for the thermal situation associated
with incremental deployment conditions for MB-1|,
®B-2, and MB-3 (see Table XXIII, earlier in this

f 8 section).

2. The material must be flexibie, thus permitting the
fabricated BALLUTE to be packaged in a relatively
small deployment bag and subsequentily deployed
without damage to the envelope or other compeo-
nents.

3. The envelope of the BALLUTE be capable of con-
tzining its pressurizing gas, thus ensuring its
isotensoid shape could be maintained.

On the basis of these criteria, it was determined that a metallic woven ]
cloth would be requirzad for the atructural material primarily because i
the cloth material exhibits considerably more flexibility than doss sheet
metallic material. In order t¢ spproach the maximum temperature re-
quirement, it was evident that 2 superalloy materizl would be required
while a cloth woven from stainless steei yarn could be used #atisfac-
torily for the low hypersonic range. In sach case a suitable tlastumer
would be applied to the envelope.

v

b. Initial Material inveerigation !

‘Much of the basic investigation into metal cloth weaving, welding, coat-
ing, and strength testing was accomplished under Contract AF33(400)-
8015; the reaults are documented in ASD-TDR-62-702 {Reference 52).

In addition. the characteristics of two types of metallic cloth weaves
were investigated,designated Cloth A and B, Clocth A was woven from
monofilament wire yarn 200 per inch in both the warp snd fill directions.
"Cloth B waswovan irom stranded wire yarn woven 100 per inch in both ,
the warp and fill directions. The Clot!z B test data indicated more flexi- ]
bility, strength, uniformity, and tear resistance than Cloth A (Refer-
ence 75), Both stainless steel and Hepe 4: were woven satisfactovisy
into tae Cloth B fabric.

: Joiuing techniques were investigated and reporte 4 in Refammee 9 and
15. Weld efficienciss approaching 90 to ;00 prrcent weors cbiained by
, ruisnnce weldmg techniques,

"oadyesr Acrolp;ce Code CS-i05 conting matoriai was evaluated for ap-
- plication to the BALLUTE anvelope (Reference 79). Four spacimenas
wars tosted, as indicated {n Table XXVI. Except fur some cuter coat
flaking, cuting appeared continuous after te atmg It was not necesgary
to adjust the pressure durlag tcst, indiu‘dng Hha: leaxage was less than
the aczuracy of the equipment.




STION ¥ + METAL BALLUTE DECELERATOR

" TABLE %XVI - CS-105 HOT RUC TESTS

AFFDL~-TR-67-25

Number ; Backup Time at
Test | Type of of pressure | Temperature | temperature
no. cloth coats® (pst) (F) (min)

1 A 12 4 1275 2

2 A 12 4 1275 10

3 B 12 4 1275 2

4 B 12 4 1275 10

* ' —
One coat of CS-105 approximates one ounce per sguare yard.

Six specirnenl wdu permeability tested in the enviranmental laboratory,
as shown in Table XXVII. Leak rates are zhown in Figure 71.

'TABLE XXVH - CS-105 PERMEABILITY TESTS -

S ST ST - | Number | Backup Time at
Test| Type of | Weld or of pressure | Temperature | ternperature
no, | cloth | control | coats (psi) {F) {min)

3 A Control 12 2 1500 20

1 A | Welded| 10 1500 20
5 & A Welded 10 4 1275 20
8 B | Control 12 4 1275 20
6 | B | Welded| 10 4 1275 e
z va‘ * wemed_ 10 2 1500 . 60

lb-l &terhls and Joints

A ‘material otrcngth of 150 lb/in was chosen early in the program, based
Son the selected initial test point environment, an early.estimated internal

“ for joining.

reasure, und estimated design factors. Other factors considered in se-
lecting the cloth were elongation, folding endurance, and state-of-the-art
Cloth B stainless ateel (100 X 100 yarns per inch of 7. X

o 0.0016 siranded wire yarns) was chosen to meet the strength require-

_rnent and the considerationa for 3ood elongataon. folding endurance, and

nhuﬁ ‘the att for joining.

. ‘!‘milt tuta were made of the fabric uain; 1 in. wide specimena in both .
- the warp and fill directions at room temperature and at 1200 F.  For
o m:/mpqntuu (74 F) the loading rate, with 10-in. jaw. :pacing. was

The ruultn wore:

-
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LEAK RATE (CUBIC FEET PER SQUARE FOOT PER MINUTE}

100 /4

0.10 -+
i

CLOTH A - STAGOERED WELD, 2 #Si, 1800 *

CLOTH 8 - STAGGERED WELD, 2 Psi, 1800 F
3) CLOTH A~ SEAMLESS, ZPSI, 1500 F

L
7 CLOTH A~ STRAIGHT WELD, 4 P8I, 1278 F ]
/ CLOTH B ~ SEAMLESS, 4 PS), 1278 F =
T
. ) ——————
w— ®
ool . .
) 'l 10 18 3

EXPOSURE TIME (MINUTES)

'Figure 71 - Leak Rates for CS-108 Coating

T




SECTION V - METAL BALLUTE DECELERATOR AFFDL-TR-67-25

1. Warp - 139 to 144 Ib/in. (3 samples)
2, Fill - 156 to 160 !b/in. (3 samples)

For elevated texnperature (1200 F), heated to 1200 F in two minutes, the
vuaiies were:

1. Warp - 57.5 to 60 1b/in. (loading rate 0.3 in. /min)
2. Fill - 50 to 63 1b/in. (loading rate 9. 15 in. /min)

The 1500-1b meridian web consiste of 5-mil 304 stai~'=~ss steel wire that
is flat braided using 29 flai braided 13 X 2 wires. The meridian web
braid and wire size was chosen to obtain flexibility and a nominal ulti-
mate streagth of 1500 1b, This material was tested {3 samples), and the
average ultimate strength was 1470 1b at room temperature.

The 1000-1b meridian web consists of 5-mil 304 stainless steel wire that
is flat braided using 21 flat braided 13 X 2 wires. This lighter meridian
web braid was chosen to replace the 1500-1b strength braid and thus re-
duce the weight of the assembly. The strength reduction is compatible

© with the reduced loads, The thickness and construction are identical to

the 1500-1b web except 21 wires are flat-braided instead of 29.

The 500-1b light web consists of 5-mil 304 stainless steel wire tubular
braided using 36 carriers of 7 unbro’‘ed wires each. The web was used
for attachments and reinforcements. This material was tested (3 sam-
ples), and the average ultimate strength was 450 1b.

~ An 89-mil stainless steel spring wire was chosen for the inlet lip, the

inlet erecting spring, and cross wires in the inlet throat.

Seama and Splicu

In establishing luita.ble gore ssams, several -pot weldmg parameters

- were considered, including probe size, power settmga, probe pressury,

number of rows of spots, and spicing between rows. Of the many corr -
binations tested, the highes. consistent eifiziencies were obtained using -

two rows at 15 spots per inch per row. with the tpotl staggered and the -

rows spaced 1/8 in. apart.

" Test results ranged from 120 to 135 lb/in. st room tempe turcs using

0.5-in. specimens. The selected attachrent is shown in Figure 72A.
The gore seam tack weld was accomplished by means of & Unitek Weld-

" _matic Model 1059 power supply adjusted to 11-w-wec and a HP-3030

neavy duty, probe, haad piece set, with an EP-1002 RWMA-2 electrode. :
- The probe was set to 9.1b of wald fo:co. _

Since tha meridian web-to ~gore fabric attachment failed in the first wind-v

tunnel test, several series of tests were made statically and then dy- |

 samically of candidate methods for attaching the web to the gore fabric

{References 9 and 15}, The dynamic tests indicated that {1} the gore ma-
tc*i&l should be ~e.nforced to be two rhicknnuu at the apotweias. (2) the

. h |
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welds should be sufficiently far apart to allow the yarns in the meridians
to slide relative to each other during ilexing of the meridians.

The selzcted attachment is shown in Figure 72B. The attachment tack

welds were accomplished by use of a Unitek weldmatic 1034 power sup-
ply and 2 HP-3030 heavy duty, probe, hand piece aet, with an EP-1002

RWMA-2 electrode. The power supply setting was 50 w-sec, and the

probe set to 9 1b of weld force.

With raspect to the meridian web-to-meridian web splice (1500-1b web),
static tests were made of a series of joints to splice the meridian webs
together. The st size and spacing was varied with the web unwrapped
and wrapped and:~ith cloth material in the weid area. Wrapping the web
provided significantly higher strength welds. The test results showed
an average splice strength of 1310 1b. Th: selected splice technique is

shown in Figure 72C.

The tack welds for the meridiarn web-to-meridian web splice and for other
metal BALLUTE tack welds discussed below were accomplished by use
of a Federal APA-2-42 spot weider, with the operating controls set as

follows:

Control Setting
Weld pressure 20 psi
Forge pressure 15 psi
Squeeze time 30 sec
Forge time 30 sec
Hold time 15 sec
Top setting Parallel 2
Initial heat time 5 sec
Initial heat 55 percent
Weld time 13 sec
Weld heat 85 percent
Negative slope delay 14 sec
Negative slope 8 sec
Negative slope heat 55 percent

Tke top and bottom electrodes in this device have a 2-in. face radius,
are 3 in, long, and have a £/8-in. diameter reduced to 1/4 in. at the
contact end. The throat “epth is 45 in., and the spacing is 14 in.

The selected splice for the meridian web-to-meridian web splice, (nomi-
nal 500-1b web) i8 shown in Figure 72D. The static test results indicated
a splice strength of 440 lb.

The keeper ring carries the tension load required to changz the direction
of {..e meridians from parall:l to the en eiope to 10 deg from the missile
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I

I

(1)

centerline. A circular croas-section and fiexibility are desired to mini-
mize stress concentration and to facilitate packaging. The selected ma-
terial was 1716 in. flexible stainiess stes! cable, with a rated strength
of 480 1b. Six turns were used and the ands were welded together.

The keeper ring loops carry the loads and tend to slide the ring forward.
The joint used to carry these loads is a pair of 500-1b webs folded avound
the ring and welded to the meridian. The joint details arc shown i Fig-
ure 72E. :

The riser carries the drag 10ad and consists of two groups of eight meri-
dians, each with one-half of the meridians passing around the pin loop
before being joined to an opposite meridian using the meridian-to-meri-
dian splice. The riser splices are shown in Figure 72F.

MB-1 DESIGN AND FABRICATICN
General

During ADDPEP Phase 1I, two designs of similar configuration but with
different fabric materials were investigated. The MB-1 design specified
Cloth B-3N4S stainless steel; and the MB-2 and MB-3 design specified
Rene 41 cloth. Of the three, only MB-1 was fully dssigned and fabri-
cated. The design and fabrication criteria presented, therefore, apply
only to MB~1. The test BALILUTE, packed in its deployment bag, forms
the test decclerator package as it is stowed into Test Vehicle C. The
stowage arrangement is shown in Figure 2, Section IL

Design and Fabrication

Design

Sheets | and 2 of Drawing 530A005-024 (Reference 80) present the com-
plete MB-1 BALLUTE assembly and gore patterng. The BALLUTE con-
tour, which is the same us TB-2 and TB-3 (Figurc 40, Section IV}, has
16 gores and 16 meridian webs :ccated at the gore centerlines. The 16
meridian webs and the riser are formed by placing 8 webs arcurd the en-
velope, Characterisiics of MB-1 are shown in Figure 66. The web ends
are joined together individually after passing around the riser attach-
ment loop. At the front of the BALLUTE, the webs are constrained to a
6-in, diameter by a keeper ring. The keeper ring is conatructed of 6
turns of 1/16-in. stainless steel cable lightly twisted toge’her with the
two ends welded together. The riser webs ars served togeiher at a
voint 14,5 in, forward of the keeper ring. This arrangement is intended
to (1) keep the meridians oriented and loaded aqually and (2) decreuse
the angle change at the keeper ring,

All the cloth used in the construction of the BALLUTE envelope was
Cinth B 304 stainiess steel (100 X 100 yarns per inch of 7 X 0.0016
stranded wire yarns) weighing 16 oz/sq yd. A lighter cioth (Cloth A 304
siainless steel, 200 X 200 per inch of 0, 0016 filaments) was used to
wrap webbing joints and thus improve the weld strength values. The
webbing in the meridians and riser is 5-mil 304 stainless steel wire that
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is flat-braided using 21 flat-braided 13 X 2 wires. The wiLbing nominal
strength is 1000 1b.

All zeams are welded before the cloth is impregnated with CS5-105 elas-
tomer. A lapped secam with 2 rows of spot welds spaced at 15 cr 30 per
inch total is used to join the gores. After BALLUTE assembly, the en-
tire envelope surface is cnated on both sides with CS-105 elsatorner at a
lZ-oz/sq yd rate and cured at 508 F. The coating decreases the porosity
of the fabric for proper inflation, and it reduces the heating rates irnto
the cloth.

The BALLUTE has four inflation inlets located near the maximum di-
ameter of the envelope. Each iniet has a stainless steel spring wire
form attached to its lip and the inlet's sheet metal base.

A sheet metal base was used in place of a wire hase to prevent the rack-
ing type actions occurring in the gore cloth during the infiation process
from breaking the inlet support wires. zcause the sheet metal base
presents 3 marked rigidity change from the basic gore cloth, several
layers of cloth were used to taper the change in stiffness from the base
to the gore cloth. Webbe also were added between the base and the meri-
dians to reduce the magnitude of deflections between the inlets and the
gore cloth. The partial irflation system was used to reduce the mag-
nitude and duration cf the early inflation movements.

Although the inlet is essentially a stable pressure body, the spring wire
framec is ue»d for initial positioning and reacting the drag force. The
torque of the inlet spring is approximately 20 1b/in. when the inlet is
totally erected. Each inlet assembly has a sock-type valve for prevent-
ing outward flow. This is accomplished by the sock collapsing against
the BALLUTE envelope or the wires acrosa the inlet throat whemn outward
flow is attempte..

The croas-sectional area of the inlet is approximately 14 aq in. The aft
portion of the inlet sock coverges to approxir ately 12 sq in. at the ex't.
The purpose of the convergence is to ensure that the sock is fully in-
flated durirg the initial kigh flow rates by maintaining the highest velocity
and lowest pressure at the exit. The sock ic constructed of coated

Clotn B 304 stainless steel having a strength of 140 lb/in,

As in TB-4, TB-5, and TB-6, five Alumel-Chromel therrnocouples for
sensing temperatures are instailed on the envelope, a pressure sensing
line is carried on the risers, and a liquid initial pressurizing system is
used,

Fabrication

Fabrication was accomplished to the detail design requirements of Draw-
ing 530A005-~024 (Reference 80}). Metal templates were utilized for the
marking and cutting of the gores from the metal cloth. Correct match-
ing.of rhe welded gore seams was a2ccomplished by providing imnatch-marks
along the centerline of the seam lap during the gore marking process,

The rmarks were aligned over a contoured welding bar, and temporary
syut welds wers placed. With the sea.n located, the weld was completed.
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Correct location. of the meridianal weba waes obtained by premarking the
webs with siation marks while the webs were in a atraight and ligntiy
tens.oned position; this arrangement maiched corresponding station marks
oxn the gores.

Quality control of the welded seams and splices was accomplished by
visual inspection to detect imprcper penetration and to ensure proper
spacing and quality of the weld spots. Dimensional control and inspec-
tion were maintained throughout fabrication. Before installingalitextile
and rubber parts, the BALLUTE was coated with Goodyear Aerospace
CS-105 high temperature coating per detail requirement of Drawing
530A005-024. The BALLUTE was completely fabricated prior to instali-
ing the liquid initial pressurizing system.

Deployment Bag

Although no metal BALLUTESs were flight-tested, it should be noted that
the deployment bag used for TB-4, TB-5, and TB-6 could also be used
for MB-1. The design of the deployment bag is presented in Drawing
530A005~050 (Reference 74) and is described in Section IV of this report,

DEPLOYMENT SEQUENCE AND PACKING PROCEDURE

The packing technique and deployment system for the metal BALLUTES
are similar to those utilized for TB-4, TB-5, and TB-6 [described in
Section 1V).

SUMMARY AND CONCLUSIONS

Configuration

In generating the metal BALLUTE configurations, one envelope shape
without a feance was selected. This shape corresponded to TB-4, TB-5,
and TB-6. The inlets were placed at the position of maximum BALLUTE
diameter, The wind-tunnel test of MB-1 at Mach 2.8 and a 120-psf dy-
narnic pressure demonstrated that it had a stable, inflated shape at super-
sonic velocities. The internal pressure coefficient was very low com-
pared to other test values (Figure 49). How much can be attributed to
inlet location is unkrown, as TB-1BWT was also very low with forward
positioned inlets in the same test series (Reference 45).

Aerodynamic i.oadings

Based on the wind-tunnel test at Mach 2.8, the selscted configuration
assumed its predicted shape while under load; this correlation indicates
that analytical apprvaches for predicting shape are sufficiently accurate
for engineering use. Moreover, the drag value was consistent with other
drag values measured for similar configurations (Figure 50). The short
filling time reflected the use of the partial inflation liquid mixture {Fig-
ure 65}.

Structure

Inspection of the wind~tunnel filins indicated the irnproved structure of
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MB-1 over earlier units, and the pariial inflation tachnique provided an
adequate structural margin at Macx Z.8 and 2 120-psf dynamic pressure
for both the dynamic loads anc the static pressurization loads. The
metal inlet opening eprings and inlet hoops were structurally adequate
using a solid sheet imetal base and the partial inflation system. The CS-
105 coating and woven metal material withstoed the test environment for
the test period, approximately five minates. Fressure and thermocouple
instrumentstion was carried on the tegt units. The ME-1 test indicated
that the thermocouple and the pressure tube approach are structurally

.adequate for obtaining data.

Thermodynaraic Analysis

Since no ilight tests were made using a metal BALLUTE, no evaluation
of the thermal analysis was made. However, the wind-tunnel test did
demonsirate the effect of the liquids in lowering the BALLUTE material
temperatures {Figure 65).

Maticrials

In-plant and wind-tunnel tests were used to establish a structurally ade-
quate configuration for flight use. In-plant tests included the normal
static type tests and subsonic wind-tunnel flag models to check joining
techniques under dynamic loadings. The flag models were particularly
useful for establishing meridian-to-envelope cloth attachments. Super-
sonic wind~tunrel tests were used to evaluate the total siructure. The
final structural configuration and coating were found to be adequate for
the wind-tunnel test conditions (Mach 2.8 and a 120-psf dynamic pres-
sure).

Design and Fabrication

The basic design changes during the metal BALLUTE effort were directed
toward increasing ics structural capability. Approaches were established
that reduced the dynamic loadings and increased its overall, structural
integrity to withstand the design load.

Deployment System and Packing Procedure

The deployment and packing procedure was similar to the textile BAL-
LUTE. No changes are recommended.
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SECTION V1
CONCLUSIONS

The wind-tunnel and free-flight test resuits of Phase Il of ADDPEP (Aero~
dynamic Deployable Decelerator Performance-Evaluation Procgram) were
used to evaluate decelerator design methods and testing techniques. The
main conclusions stemming from these evaluations are drawn together

in this section.

FREE-FLIGHT TEST CAPABILITY

From tests of the free-flight test vehicle/booster systems, it is concluded

that:

1.

The performance of Test Vehicle A/Bcoster can be
predicted with confidence. The data system is ade-
quate. Recovery and reusability meet design goals.

The performance of Test Vehicie C/Booster also
can he predicted with confidence. ‘I'he data tran.-
mittal range is excellent. Beacon dropout occurs
some of the time. When recovered, the vehicle
meets design goals for reusability.

LARGE PARACHUTE DECELERATOR

From tests of a large, superscnic, hemisflo parachute design, it is con-

cluded that:

1.

2.

3.

The flight tests confirm the use of wind-tunnel tests
for establishing a stable configuration.

Free-flight stability is excellent ia the reefed and
disr:efed shapas.

Free-flight drag values are significantly higher for
the parachute in free-~fiight tests than for similar
models ia wind -tunnel tests (see values in Figure
15).

Further refinements to the presented analytical
approach are required for calculating opening
drag loads with confidence.

An analytical approach is needed to predict reef-
ing line loads.

The canopy structure and materials withstand the
shock and heat loadings associated with the test
conditions. (Nomex materials were usead for rib-
bons and verticals.) :
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4.

7.

The deployment approach is satisfactory, as dem-
onstrated by the fact that the snatch loads are sig=-
nificantly less than the opening loads.

TEXTILE AND METAL BALLUTE DECELERATORS

From the wind-tunnel and free-flight tests of textile BALLUTESs and the

winditunnel tests of matal BALLUTESs, it is concluded that:

1.

‘al

Both tie textile and metal BALI.UTE configurations
have predictable and stable inilated shapes at saper-
sonic velocities.

Exiarnal surfzce pressurs coefficients of textiis
anc metal! BALLUTESs can be predicted within en-
ginesring requirements for shape determinations.

Drag and stability data for textile and inetal BAL-
LUTEs can be detevmined by the use of wind-tunnel
models.

Partial inflation techniques significantly reduce
the degree of material flagging during inflation of
the textile and metal BALLUTEs. [Initiaily, the
partial inflatior aystem significantly lowers the
BALLUTE material temperature.

A satiefactory metal BALLUTE structure can ba
established for test conditions of Mach 2.8 at a
120 -psf dynamic pressure, using the partial infla-

- tion system. Metal inlet opening springs and in-

let hoops are structurally adequate using a solid
lhget maetal ba_u and the partial inflation system.

Textile BALLUTE structurai problems are limitsd
to one type of coating on test item TB-2 and to the

. metal wire inlet springs and inlet hoops on TB-3.

The inlet structure is improved by eliminating all
metal except a cable type hoop in the inlet lip.

The'textil.e‘and'mcul BALLUTE deployment sys-

‘temn is adequate, based on snatch loads less then
* iaflation loads.

prr both the textile and metal BALLUTE decel-

erators, additional efforts are required to estab-
lish means of controlling the internal pressures

for optimum weight.
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APPENDIX 1
AMBIEMT CONDITIONS AT 12.622-SEC POINT OF
LP-5 TRAJECTORY
From the data reduction report (Reference 22, page H-4), the altitude from

mean vea level is 10,996 ft. The interpolation steps, from Appendix B of
Reference 22, are given in Table XXVIIIL

TABLE XXVIII - INTERPOLATION OF FLIGHT CONDITIONS (12. 622 SEC)

Wind Density X
Altitude Specific divection | Wind speed of
Interpolation from MSL | Pressure weight Temperature | (deg from | speed sourd, p ¢
steps { ft) (millibars) | (gm cu m) (deg C) true N} | (knots} | (lb-sec/cu ft)
Cenditions at 13, 500 686.6 89:.9 -£.3 278 36 1.865
Conditione at 11, 002 672.8 878.3 -£.4 275 35 1.833
Increment 500 13.2 13,6 11 0 i 9,032
Flight difference séb- 0,106 0.109 0.0088 0 0.008 0.000256
over incrcment
Conditions at 10,996 672.9 878. 4 -6.4 275 35 1.833
Thue:
' 29.5% in, H 14.7 psi 44 aq in
= .9 ) :
Pressure, P = {672.° mb(ﬁmr’)(m aq )
= 1408 plf . ) (87)
o iave & et 1 kg \{2.2051b\{ lcum
Specitic wei:ght. w = (878.4 ygn:/cu m)(m-ﬂsm)( T kg ’(3-5 T oo ft)
= 0.0550 pef U (88)
Tempcrature, T = (-6. 4C)(-2-)+ (491, 6) 89)
= ‘80; l R .
| (6080 £ hr)( 1 hr )
Wind spesd = (35 k)(——-rrl— TE30 sec
‘= 59,1fps . ‘ _ (90)

The accoleration of gravity, g, s calc lated as follows: From page 1 of Ref-
ersnce 22, latitude is 33.08 deg north. The acceleraticn of gravity from the
mechanical enginesr's handbook is: '
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Sea level
Latitude (deg) g {ft/sec?)

30 32,130

40 32.158 ;
Difference 0.028 z
Difference X 3.08/10 0. 009 =
33.08 32.14

The reduction for altitude is:

2
°'°‘l’gofg/f‘:°° (10, 910 £t) = 0. 0328 fps (91) |

The gravity at 10, 910 ft is: ;
(32.14 ft/sec?) - (0. 03 ft/sec?)

j g =
f = 32.11 ft/sec? (92) !
Then:
Density, o = ¥ - 2:0330 pcl,
& 32.11 ft/sec
= 0.001715 1b sec?/ftt 193)
Wind speed = (35 k) (60801 fi/hr)("ﬁ;oohx;ec)
| B |
= 59,1 fps (a4) "
. The acceleration of gravity is 32,11 ﬁ/secz. Appendix A of Reference 22 ‘
gives the calculation details: -
. Density, P = ¥ 0751 pef 3
B 32,11 ft/sec
= 0.001719 1b sec?/ftt (95) 1
Universal gas constant, R = TI;; * 1450 1412 'O!E%T—BE?)
= 53,3 ft/F (96) e
|
[y -
Speed of sound, ¢ = -g-:- . J:8391 sec/c%ft4 (97) b
| 0.001719 1b sec”/fc
17¢ | : §
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APPENDIX I
AMBIENT CONDITIONS AT i2.472-SEC POINT OF
LP-5 TRAJECTORY
From the data reduction report (Reference 22, page H-4), the altitude froma

mean sea level is 10,908 ft. 7The interpolation steps, from Appendix B of
Reference 22, are given in Table XXIX.

TABLE XXIX - INTERPOLATION OF FLIGHT CONDITIONS (12.472 SEC)

R N

Densiiy X
Specific Wind speed of
Altitude weight direction Wind souid
Interpolation from MSL Pressure gin Temperature } {deg from speed e
steps (ft) (millibars) cu m (deg C) trus N) {knots} {1b sec/cu ft)
Coundilions at 10, 500 686. 0 891.9 -5.3 278 36 k 1. 865
Conditions at 11, 000 6723 878, 3 -6.4 275 3 1,833
Increment 500 13.2 13.¢ 1.1 \J i l 5. 032
Flighy difference | 2% 2.403 | 2,478 0. <003 0 0.1821 | 0, 70583
Conditions at 10,909 675.2 88v.8 -6.2 275 _J 15 1.839
Thus:
29.53 in. H 14,7 psi 144 sq in.\
Pressur = (6752 m : B XA :
ressure, P = (675 "’( 1900 mb /\29.92 m. Hg\ Teq &t |
= 1412 paf (98}
e . 1k {2.205 1by/ ! cum
~ » -
Specific weigh!, w = (880.8 gm/cu m)(‘i‘dﬁ'{.‘%’,ﬁ \ lkg )\35'31 cu ﬁ)
= 0.0551 pef {99)

Temperature, T = (-6.2C)(%) +(491.6)

= 480.4 R {100}

. : _ P
Univeraal gas constent, R * Tw

1408 paf
® (480.1 K){0. 0550 pch

= 53,3 ft/F (101)
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Pe
Speed of sound, ¢ = -

1.883 1b sec/cu ft
0.01715 1 sec? /t?

1070 fps (102)

-
"

hudedin

b Y vy
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APPENDIX 1II

SPECIFICATION FOR COATING ADDPEP BALLUTES WITH I-65

SCOPE

With respect to the textile BALLUTE decelerators, this specification es-
tablishes the general procedures for (1) preparing Nomex pattern HT-122
cloth, (2) coating with Dyna-Therm D-65, and (3) curing. Also included
are the derired coating buildups and acceptable permeabilities.

MATERIALS

Use the foliowing materials, supplied by Dyna-Therm Chemical Corpora-
tion, in preparing the cloth and compounding the coatings: methyl ethyl
ketone, D-65 coating, and D-65-1 thinner.

FABRIC PREPARATION

The first step in preparing the HT-122 cloth for coating consists of the
scouring and heat-setting operations, which are done by the cloth supplier
brfore shnipping. The remaining steps are:

i. Staple the cloth amoothly to a frame, wash thoroughiy
with MEK, and allow to air-dry,

2. For coating with D-65, do not apply primer.

3. As a cautionary step, since MEK and sclvents in
D-65 are highly volative and flammable, previde
adequate ventilation, keep away from heat and open
{flame, and avoid prolonged exposure to vapor and
precionged or repesated skin contact. After using and -
before eating or smoking, clean hande thoroughly with
scap and water, :

-PREPARATION OF D-65

“For a lightcoat, mix 30 min on & paint shaker cqual volumes of D-65-1

thinner and D-65 coating, as received. If cnly part of a can of D-65 iy te
be cut, mix the D-6%, as received. for 30 min 62 a paint shaker before
cutting with thinacr.

For s heavy coat, use D-65 as received. Mix the coating for 30 nmiin on

a peint shaker before using, Once the can i3 cpened, the D-565 will thinken
from solvent loss. Hence, occasionsl addition of D-65-1 thinner, followed
by mixing, may be act=ssd y to maintain the as-received congistency. It
is better to err on the "light” side since an additional coat may be added
to the oulter side of the cioth if the apecified sequencs and number of coats
do not result i the minirnum apecifie® buildup of cocanung.

Clezrly mark D-6% cans "iight” ana "heavy” and store in tightly cloused
containcrs in a cool, covered area. Do not leave crns open except while
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decanting contents for immediate uce. Exercise care and cleanliness in
handling, since dried D-65 in the can ridges will prevent a tight seal of
the lid, with consequent solvent loss.

COATING WITH D-65

After the cloth has been cleaned with MEK and air-dried, apply D-65 with
a soft natural bristled brush. Flow the material on and avoid excessive
brushing.

Allow each coat to air-dry 10 to 15 min, or until dry to the touch, before

recoating. Apply each coat evenly to ensure proper film thickness upon
completion.

Air-dry D-65 at room temperature a minimum of 48 hr, or until there is
a complete lack of solvent odor, before subjecting coating to high heat.

Prior to cutting the HT-122 cloth, apply one light coat tc one side of the
cloth, This will become the outside of the assembled BALLUTE.

Mark the fabric carefully on the coated side for gore cutting and assembly.

After all but one gore seam is sewn cioaed (1) apply one light coat and

one heavy coat overall ic the inside: and (2) apply one addxtwnal coat to
stitched areas inside of the BALLUTE.

After all gore seams are closed: (1) precoat all outside tapes and webs
except -11 webs (one inch MIL-W-5625) with one light coat; and (2) coat
outside of BALLUTE overall axcept -11 webs with two heavy cacats of
D-65. Add additional coats if requived to attain a total coating weight
(excluding first light coat) of 13 + 2 - 0'lb.

Hcld permeability to a maximum of 0. 020 ft3/ft2/min as measured on the
Cambridge permeameter utilizing helium at 3-cm water pressure and at
T3-F temperaiute,

If rernoval of D-65 from tools is necessary, soften the coati,, ~vith D-65-1

thinaer and remove with a suitable tool, Use D-65-1 thinner, .r cléaning
any member of the D-65 family. '
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APPENDIX IV

AERODYNAMIC HEATING RATES AND TEMPERATURE RESPONSE

GENERAL

This appendix deals with the analytical prediction of aerodynamic heating
rates and *emperaiure response of textile BALLUTEs TB-4, TB-5, and

TB-6 dur’ig hypersonic test flight. The symbols are defined in the pre-
liminary pages of this report.

The ADDPEP program includes the consideration of BALLUTE shapes
in the low hypersonic flight regime. The deployment point data for these
fiight tests are summarized in Table XXX. :

TABLE XXX - BALLUTE DEPLOYMENT POINTS FOR
HYPERSONIC FLIGHT TESTING

Dynamic
Altitude pressure Temperature
Mach {ft) {psf) (F)
5.70 | 122,000 200 69. 3
6.70 131, 000 200 71.1
9. 95 200, 000 J_ 20 48.5

A preliminary thermal analysis of the BALLUTEs was conducted for
Mach 5.7 and 9. 95, usino.iliv’pe 304 stainless ste~} for Mach 5.7 apd _

Rl (s maes 50 305 Wata regard to wne Macl 5. 7 jlepioymient case,

thewtainless steel material was predicted to reach temperatures slightly
less than 1090 F fu. an immersion in a laminar wake and about 1200 F
for a turbulent wake immersion. This analysis was based on minimal
prediction of wake characteristics, As a result, the temperature re-

sponses were based on pessimistic estimates of the effect of aerody-
namic heating.

The Mach 9.95 deployment case was re-examined on the basis of more
detailed theoretical analysis (such as Reference 64 and further review

of the experiments! data contained in Reference 52). The wake flow dur-
ing the test flight was then predicted to be laminar. A temperaiure re-
sponse analysis oi the isbric due to aerodynamic heating for this case
predicted maximum temperatures during deceleration to h¢ about 500 F
at the critical point on the BALLUTE surface,

Subsequent to these analyses, refined methods of predict' ng aerodynamic
heating were formuilated. In additior, recent decelerator flight tests re-

sulted in modest material terperature responses to aerodynamic heating.

Therefore, it was decided that the proposed hypersonic test flights of
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APPENDIX 1V AFFDL-TR-67-25

BALLUTESs siould be re-examined on the basis of updated methods of
analysis, as well as the investigation of the possibility of using textile
fa*ric decelerators. The first case examined was the Mach 5.7 deploy-
r <nt case., A preliminary analysis was conducted to estimate the aero-
.ynamic heating rates as well as the material temperature response.
This appendix completes the investigation by presenting the results of a
*hermal analysis of the thrce deployment cases given in Table XXX (Mach
7, 6.7, and 9. 95) during the exit flight phase of their respective tra-
jectories.

2. TRAJECTORY CONSIDERATIONS

A series of point mass trajectories from the BALLUTE deployment con-
ditions given in Table XXX were computed. These trajectory paths are
~hown iz Figures 73, 74, and 75 as a function of time from deployment.
The Mach number and velocity exhibit very little variation as the altitude
increases toward the 300, 000-ft level. Since the amount of convective
heating is proportional to the density of the air as well as to the vehicle
velocity, the heating rates tend to decrease significantly with altitude due
to the large decrease in air density.

3. FLOW FIELD
Figure 76 shows a sketch of the combined body counfiguration for the flight

testing of BALLUTES in the low hypersonic flight regime. The sketch
inciudes the overall vehicle dirnensions as well as decelerator performance

129 &9 34C, \
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D= 18FT

- with & laminar type of wal

Figure 76 - Test Configuration

criteria, such as trailing length-to-leading body base diameter ({/D) and ~

decelerator diameter-to-leading body base diameter (d/D). The apex of
the BALLUTE is located 2bout 18 €t from the leading body base and about
24 ft from the nose of the lea.dmg body. Since the heating rates at the
decelerator surface will ultimately be a fuaction of the flow field around
the BALLUTE, as well as the type of boundary layer (laminar or turbu-

‘. lent) at the decelerator surface, it is appropnate to nvestxgate the fiow

Simld "'rz::.:‘ b tthe o 5-\'1131. o

It has been ‘shown theoretically in Referenca 64.‘ an_d aubstantiat,ed some-
what by experimental datz, that due to the presence of the decelerator
in the wake of the ieading body, an interaction between the two bodies is

- produced that alters the wake flow field. In general, the wake is cylindri-
_cal and may be either laminar or turbulent. - Experimental data have shown
“that (1) decelerators located less than about six base diameters aft of the

leading body base are likely to produce transition of the wake to the tur-
bulent type; and {2) decelerators located at distances greater than aix bass

~ 'diameters affect the nature of the flow field. However, no data ne avaul- .
- able: as to how thc inuraction Affact: the type of wnke ﬂow ‘

o "_‘Sincc it is necnury to opecify thc typc of bouadsry layes flow prior to
conducting A heating analysis, a decision must be formulated as to whether

the wake flow is laminar or turbulent. The latter type of wake may gen~
erate asrodynamic heatin

rs tes 5 to 10 times as great as thoss associsted
: o, ‘An alternate approach would be to disregard
tho hmhur huting utet :nd entimuu the tuﬂmlam heating rates only. :
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However, this aporoach usually leads to overdesign. In an experimental
program, it is desirable to match the test vehicle as closely as possible
to the test environment. In this interest, the following wake flow analy-
sis was used.

The decelcrators are to be located 7 to 10 base diameters aft of the base
of the leading body. At these deployment lengths, the amount of experi-
mentai data available to formulate a decision as to the type of flow does
not permit a warrantable assessment of the type of wake. However, the
successful decelerator test flighis completed to date at seven base di-
ameters aft have shown a minimal amount of exposure to aerodynamic
heating effects. This factor indicates either a laminar wake condition,
in which the heating rates are quite low. or turbulent heating rates of
decreased intensity at the distance the decelerators are located. In view
of these two possihilities, two approaches are proposed to estimate the
state of the wake: (1).a transition criterion for the flow over the leading
body can be applied te determine the state of the boundary layer on the
lezding body; and (2) the state of a free wake aft of the leading body can
be examined.

Consider first the leading body. As a first approximation, the flow over
_the leading body it the moment of deployment may be considered to have
been compriiecl by the béw shock ai the nose of ine vehicie ana then ex-
panded isentropically to a lower pressure on the cylmdmcal portion of
thie body. Using momentum Reynolds number criteria, it ise possiblz to
- determine whether the boundary layer is turbulent over this leading boly.
If a turbulent exists in the wake and over the decelerator surface, the
momentwn Reynolds number can be wntten as:

0.114 0.5

| v o ' »
Rey = vﬁm“:ows(”’ ) C\EEy (103)

- Thu relatwmhip appcns to h;ve promice for ucermning the state of
- flow gver the laléini body. Fer flow over a flat plate, the transition
i ’anwids numbcer criterion in Equation 103 is usually taken as 400 to
600, “Assuming a transition Reynolds number of 650 on the cylindrical
. aection of the leading body and a surféce temperature of 500 to 1000 F
- {or the wall on the cylindr:cai section. Equation 103 can be uolved for
the trannmon lcng*.h (x “,. : . . , ,

’i ;nd,thc ululu llwwed ‘that traumon “ts >20 !'t) il not likely to occur
_over the surface of leading body. In view of thele results, the wake

3‘ . - must then be analyved for transition chaucterhtic: if the wake isto be .
L turbulont & V._tht mam;a: of duploymcnt. R :

f'f'nmxht.at._ Thetafors, more common free wake data must be used to

'flim and thorefon io und bero. L

L s T S S M ooy

‘-.ww tuum«m‘m for a tlcw fhld bcmnn wo bodlu are pr;ctxcally o
" In general, & uniled wake transi- |
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Predicting the transition of the wake using the Zeiberyg correlaticn de-
pends upon an evaluation of the transition parameter:

M
Re —
( xtr} Me
©

In this parameter, the Reynolds number is to be evaluated using free
stream fiow properties, and the transition length is measured from the
base of the leading body. The Mach number ratio is the {ree stream
Mach number divided by the local Mach number at the edge of the vis-
cous inner wake, Figure 77 plots this transition parameter for the {light
test trajectories to be utilized.

Consider the Mach 5. 7 deployment case. A unit distance aft of the base
is assumed and the ratio of Mach numbers is allowed to approach unity.
This yields a trace of the transition parameter ar a function of Mach
number that shows that the wake is definitely in the laminar region at
this position for elapsed times subsequent to the deployment of-ihe de -
celerator. However, by accounting for the local Mach number variation
in the wake of the Mach number ratio of the transition parameter and by

 _incraaaing the diatance fram the bate (x;,), the result ir a transition
parameter that crosses into the turbulent regime. This increase occurs
at a distance approximately 3.5 ft aft of the leading body base and indi-
cates a possibility of a turbulent wake aft of this position.

The same wake transition characteristics were evaluated for the Mach
6.7 deployment case. However, the transition distance (x,.) was calcu-~
lated to occur about 4 ft aft of the base. In the Mach 9.95 de ployment
case, no wake transition characteristic was evident, Therefore, the
flow apparently is consxdered laminar throughout the upward deceleration
path. .
As a Tesult ot .l.C" fow f_x w-Oveér the leading body and the wake region
between the two bodies, it is concluded that the boundary layer flow at
the decelerator sirface is turbulent and apparently emanates from ncar
" the base of the leading body. A schematic flow field model is shown in
Figure 78. The approximate transition sone shown appears to bs Quite
‘close to the leading body. Therefore, there in a good pouibility that
~the entire iaterncting wake is turbulen o :

. AERODYNAMIC HEATING

The flow tield malycia in the prevmus aection hn :hown that *hc flow
‘over the decelerator at deployment is apparently turbulent for the Mach

B 5,7 and 6.7 cases.  The turbulent heat transfer rate distribution over
- -the docalarator mi&ce my be cnlcul;ted usirg the £ollowing aquaﬂon'

- P' '(H hv){G(x’ir/s
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SR o qu a1

INTERACTING WAKE tr

~ Figure 78 - Flow Field Model

: edge of the boundary layer at the decelerator surface. The star supst~ o L %

script indicates the Reynolds number must be evaluated using the retf-r- e e

- ence: enthalpy method to est.mate the dene.ty and vxsconty. e S N
. In addition to the above flow parameters, it is necessary to specu') the R !

. pressura distribution over the decelerator surface as a furction of Mach.
~_number and Reynolds number for the extent of the critical deceleration
.. time flight regime.  Typical decelerator pressures weru evaluated. ol R
~Analysis of the pressure distribution data showed that maxirnom local =~ . o0
pressure over the decelerator surface as s function of Mach pumber . = . 0 ro0

" would exist at Station Y/R = 0.5 for the Mach 5.7 deployment, Station
" Y/R = 0.4 for the Mach 6.7 deployment, and Station Y/R = 0.9 for the
~ Mach 9. 95 deployment for the duration of the trajectory path during up~
R wiard mght. Thul. the-e tmiom were ulocted Ior huting Tate *mlya :

RE TR Figure: 79A lnd B lhow the cold wall heat ﬂux rate for the Mu:h 5.7
Lo and 6.7 deployment cases as a function of time from deployment. - The ;
“+ ) heating vates are for two different lengths (x), which is defined as the
<7 dletasce from which the turbulent flow emanated. Since the flow ficld -
- snalysis showed that the wake is probably turbulen®, only the x = ls~it TR
. data are representative of heating at the decelerator surface. However, o
the poasibility of elightly higher !unth; rates stdste If transition occurs .
- jurthor downstream. The \atter situstion q:poart to be m\mady dnc to :
j‘.:'vah hnﬂcﬂm d!ccu bchvm the two bodin. SR ‘




e R

AFFDL~TR-67-¢5

APPENDIX IV

B SRR s e

A R N RN TS NS Y L T el S AT, SINA

803y Xn1J 3eOH Iem PIOD - 6L 23nBrI

[ 1} 8l

L]

L4]

(SONODIS) ANSLLO1EDO WOMe DL

04 L [

t 0

I

-

~

hﬁthuLLua 1y 56'¢
i

HOVR 'Y

1

© B8 WOUEVAS I
1 3 :

(T (L T BLVE XS LVIM

(SONCDIE) ANDNAOTG 30 NON S I

01

&~

-«

(QEB'ZAA/QL‘J 31V XN Lvad

1

L

JNIRAOTIIA BY L9 HOVR V'O = N/J NOIAVIS (R}

|

i

| eemoramssees

...J_ﬁ. !

.d._.& i




APPENDIX IV AFFDL-TR-67-25

3

v s o e

The laminar heat flux rates are shown in Figure 79C. Since the methods ! 4
utilized to calculate these rates are discussed thoroughly in Reference :

64, they are not repeated here. It is apparent from the cold wall heat

flux curves that the Mach 5.7 deployment case generatcs the most criti-

cal heat addition to the decelerator material. Therefore, this case is

next examined for material temperature response,

5. THERMAIL ANALYSIS

The temperature response of the decelerator material can be calculated
as a function of the aerodynamic heating experienced during the upward
leg of the trajectory path. The decelerator cloth selected was Nomex. J
The coating selected was Dyna-Therm D-65. Typical thermal proper-
ties of these materiais are given in Table XXXI.

TABLE XXXI - THERMAL PROPERTIES OF NOMEX AND D-65

Property Nomex D-65

_ Weight/area (oz/sq yd) 7 11. 840 R
Density (pcf) 42.000 68. 600
I Specific heat (Btu/lb-F) 0.350 0.250
Thermal conductivity (Btu/ft-hr-F) 0.032 0.053
o Emissivity o 0. 800

The properties of the D-65 coating were obtained from the Dyna-Therm
Corpcration, while the Nomex properties were extrapolated from data
presented in Reference 69. Since the fabric is a poor conductor and is
a nonhomogeneous slah, consider its heating on the basis of one-dimen-
sional heat conduction. The parti-i differential equation is as foilows
for heat conducticn in a one-dimensional slab versus time:

AT _ [ d°T ‘
= = a(——-z) (105)

Ay \

Specifying the inner and outer boundary conditions permits the solution
of Equation 105 for the material temperature response. The outer syr-
face boundary equation can be written as:
\

. . 4 _ _ JaT \\
h(T - T,) -£0T " = k{ay [T(O,'r )l} (106}
At the inner wall, the surface can be assumed to be an adiabatic wall; - \\‘
%I = 0 (107 :
Yye=e
188
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These equations are convcrted to finite-difference form and solvad on a

digital computer as a function of the heat flux rates evaluated in the pre-
vious section. The heat flux rates are coupled to the transient keat con~
duction aolution by the following relationship:

k -} \
. . . - aw w

h{(T. -T } = = q - - , (108)
c'Taw w qw cw(n hcw,

The cold wall heat flux rates arc thus converted to hot wall heat flux rates
by the enthalpy ratio.

RESULTS AND CONCLUSIONS

The material temperature respense for the Mach 5. 7 deployment at Sta-
tion Y/R = 0.5 is shown in Figure 80. Since the heating analysis had
shown that this deployment condition generates the most critica) heating
rates during the upward portion of the trajectory paths, it was concluded
that the material temperature response for the other two Mach number
cases (6.7 and 9. 95} will result in a iess critical temperature response.
Profiles for these two cases were not calculated.

A maximum temperature of 530 F is reached on the coating surface of

" the slab at about 8 sec after deployment for the Mach 5. 7 case. Internal

temperature rise lags the surface temperature rise considerably. The
temperature of the Nomex cloth reaches a maximum of 230 F about 30 sec

600
soe \ SURFACE OF COATING =~
m e
NOMEX SURFACE
200 — -
g / ——
g ____—-—‘
2 too > . P
§ INSIDE SURFACL
& HI
9 10 18 20 ® = 30
TIME FROM DEPLOYMENT (SECONDS) =

Figure 80 - Temperature Response: Y/R = 0.5, Mach 5.7 Deployment
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after deployment. At this time, the combined bodies are rising above

the sensible atmosphere and will continue to cool until they again re-enter
the sensible atmoesphere. Thus, the effects of aerodynamic heating for
the flight test cases under consideration in the low hypersotic flight re~
gime apparently are within material capabilities durirng upward flight.

The re-eantry heating ronditicns for these flight test cases are likely to ]
be more critical for the Nomex.
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