
PR ELIMINÀF.Y INFORMATIO¡.¡
0NLY----

i
11 Ðecember 198O

Fro!û:

SubJ ect :

EE!!_E¡4_L-PYN4¡4!tr=
Convair Dívision

1o: R. E. Tho¡oas

xc: C. Adeock, R' Bitbell' D' Fea1d' L' NorliÊ' W' Rectoi'
N. Viste

lÍ. J. Ket cbutÊ

ÁÍ'RPL Air Sorce Sortie Space System - GDC Evalu¿tiou

- cL TAN a

PRELI}iIN"ARY I¡'IFOBMÀTIÛ.N
- ONLY

GDC evaluatfon o.f tbe ABRÞI' proposel conceDt was coÞducted to explore
1) inittal couditio¡é iiäîl¿ãã-õv-üe- Tez ãarríer' -2)-lifting ascetrt

ïí"ìË;;;ii åãilli;t;ã-;';;;;'õce deternination' 3) drop ta'nk weisbt
;;;ñ;ii"É based on At1ås hardware'

Data provided by AFnpL a¡d Ptatt & Whitney were used'

+"si+å#Ëå+++H,,i,onliåå"å; J:":å;,:i' f 
;îïî4þ:ffir'åËi'üiiå

Ë;;îã; ã-îõõ-tiieat-iäti-".e]ã'ãi-r¡acn-o.d ând 41,40o feet. (rhls
compares to unâugnentãä'p""tãtiauce of Oo FPA' ![ach 0'8' 35OOO ft')
Initlal clinb from "åã-rã"ãr-iã-ãsooo 

ft is unaugEented and. takes

about 30 trinutes. TË ;;ú;;"i-"ã¡t"r" is thetr tanked and when readv

for launch, t]ne 747 i; ;;ñ;;t"d-and euters a c1i¡nb to 40'0oÛ ft fn

a.bout 1 loinute, t¡eo*ãniãiã-ã pit"¡t uq (r'2 "s") t9 achieve
buffet l-inited trieti"ãi-rõo-rpÃ anã ir'¿oo Ji after 20 Eec' A

Ðitcb over ís rhen diiiaie¿ to achieve påsitive separation (0.2e) of
ihe orbital vebicle.

+Ì##;+rË*"¡ ã.*3li H'äîä:"'ffi*"å:;:l';*"'iieË!iiä!!'ii"3"lå"
thrust .level sufficiã"i- io-ã"t""ott the transoüic drag rise and 2)
caD tbe desÍgn attaii-ã¡úital velocity with tbe avaflable propellâtrt
and assumed weigbts'ã"ã-ã"èio" perforirance. A three-degree-of-freedom
;äî";;;;-i i' ?Fti:"i -i::Fã" gi:f 

":=:É'äi::' "il:?:å"?-fifi 
åB ) i::åLåT

H:$"H"""åiå"i'åíirãÌãi"ð¡å-"ãåiã'i.i i." of thè tãnk/en,trv vebicle
combiaatio¡ "" ptooiãËä-bild'RPi-;;4 ton' a crude estinate of tbo
aerodyDaEÍc .n*r".t.ii;tiå"- "r.-".ed by using standard netbods sucb

as DATC0M etc. z"roltlit ãrag estinatès weré nade å'ssuming the coÁ-

fLEur¿rlon or. 
"o*po.Ëã-à¡-i*ã 

ããnã ãVfin¿êrs at 10o angle of att¿ck'
iË.ääãiËã-n;lf ;ci;-;ã"ãã *à". aggrgnêa. and the base resions were

assu¡ned to be fulty'=ãiäiãtäã.- -iilt-.natrcteristics were made bv

assurning tbe conflgu;;iion ió tt approxlmated by å¡1 elliptlc coue with
an,B0o sweep in t¡"'iiü-îiã" ã"¿rä^i"tlo of major to Einor semiaxes

of 3 wlth rbe mâior "-1ãË ii-inã-uoiiàootar rlanè. lbe iuduced drag

was assußed to be t uå-{ ior a fuI1 separated- flat þ1ate i.-e'

À coi
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utiiÍzítrg the âbove cbaractelistics, - 
atr âscent traiectory was developed

bv oarametricallv "eiîãiãiiã-i¡"-toårt 
oi-àttacu sóbedule to slve tbe

bäsi conbinatíon of'åiîiî"ãË;-rrãro.íty, ã"ã-iiieut pâtb a'sle for attair-
ment of a. 1oo n.ni. ;i;Ë;i;'"tÞit, rúe ¡est tiaiectcrv developed to
date ie as sborÍD * iuã-*iiàched plots. Á ti¡n" bistory of altitude'
velocitv, flight p""ü"ã"ãièl-¿vo"itrt pt""Ëure' axial load factor' a'nd

ansle or attack tt.'ËtäËãiiåo-ä" " tuictiãu oÍ tin"' Tbis::"represents

^ õãi"" launch.

It 1s €videDt from tbe burDout conditíons tbàt tbe bâseline systen is
dericient bv Àv ="'Euõ"rii*"";-Ël;iã;irel 

rzoooruÊ to'a 1oo E':1'
orblt ;
Tbere are many configuratiou and perforrnânce Parameters to vâry to

overcotre the deficiäåäiËå-"ätää: 'õñ;-ii;i to'be evaluated would

include:
lnert r¡eigbts

' ProPellant weigbtp
Engiue tbrust
ilËlãã r"p
Lift capâ6í1ity
Confíguiation drag

Ð¡op Tasks - Tbe 2 drop t a'aks assumed eÏe basfc At1as E h¿rdwafe '
EffiÉ-is 1o, diá ;';;p;;i"Iãiv.ao'-i;";;-ü;"î"e ¿0oo-ft3 capaeltv'

uslns; 2 tanks with-iiâ"iã';;äñsã9f ii.o'ia-oiie"o at 22 ].blft 3 bulk

density (6:1 ¡dR) ".!iiiÀ-i"-1?6;oob 
1b propella'rt'

The bs.sic Atlas 5 sustaioer sectioÛ. tatrk svsteB (witbout eDgiDe'

bydraulícs, g"j-a"oiËi"Ëi;;i";;;i; ãtól-l"iå¡Á 33d0 lb eacb' consider-

Iåe- ãdã.4 ;iir"*:i":i;å:il;"î::' e,i¿*+ i::g'¡':i":!::,11"'*Ll"'o
E:ii"äå: Ti3i"'iär"äiiî"îñËiã"å..p"".tåä"iãã, ¡"t rÉs*lts 

'o 
rapid

coordoÍ,a for propeilã¡i"t"oËiog' tiio'iíåiËãìåo-i" used on tbe tanks)'

Re-e¡ii.y de3*,.i'ictlo4 of the lânks iÊ eEabled by pressurlzation -
äãtãääiï.r-ãite¡ ¡Ëitison ro cause ff,asßentatioD'-

ffi},!"":lîëi:iiî5iH'"'Î;T::'!:Ë-å-"ïii:H:å.-
after liftioc uor"i"îãhi;iä; developedobi-¿¡m1,. aerodyDarlic cbaractel-

istics of tbe uo."i .ïãËiãi;-dij--Ë-aevãioped from data available on

these hisb l,/p entív"i;Ë;;i";:-- Ãi td'ãi-ãiãnce' tbe entrv vehicle

åF,*rÈiä 
:l*TiiTi"f ::ki.:s:ti'f"iii,i":3n: :i*i:-3'J'l;i3"""

geonetry concepts cas be õonsldered to-ãfiãviate any stability problems '
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; 
Based oû a 

.fitst 
cut analYsis it

[he traiectory sboçn caD be greatly.iTlloo"d iû tbe o - 1?9 sec ti!ûe

rra¡e by i¡provine.,uå*r:.Ii Ë"p'riirtiã:"o*;=tiã.'::tåiåütlîå : To"

;#*;tJiu"lÍ,i::"':l"iü:"":;::T"'3".J'i'ãär iã iiã-ðoióept .
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P4ú

JfgD 7R4G2 Èngtne tn 747-200. nacelle '
tto'afr bleed, rio pÓr]e! extrácrion
MN - .E, 35,000r
Ma:ç cont'Lnuous Po!¡er (= rûax cliflb Pol'er at thls coridltlon)

;ssuuptíons as listed on Page 2'

, io¡e t¡s - 123.9 lb/sec

trf (æ.)
Duct Itã - 576 .7 ]blsec

iotal I{a = 700'3 lblsec

Mo1ecular nt
f
t{2 fuel flol'
Gross Èhrust
1$1ét @onentuo dtag

ê Net chrust

jé! nozzle lhtoat area

P¡ at nazzLe'- 8.92 Psla
¡'¡ at trczz]:e: 1323oR

PT âr nozzle: 8.96 Peí'i
Ti at nozzle: 533oR

p,¡ at. nozzle 8.03 Psla
ii ;; ;;;i. ('ixed) 682oR 3,r729R

Eas.fc Engf,ne
I{lÈhot¡t Afterburner

Wlth operatllg
Afterburner

25.3
1.21
15.2 lb./sec
68,615 lb
16.884

þtls¿a
73 .4 sq. . ft.

29'
1.4

o
29,301 lb
16.884
12 .417 lb

26 .8 sq, fÈ.
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Table 1. Propel ìant Ch¿i r"actêri st i cs

L02/LH2

LF 2/LH2

DUAL FUEL
*

102/LCaHB

LOz/LH2

1'1R

6.5

L2

J.J

7.0

BULK DTNSITY---.---_-.ã-
(LB/FT" )

)2.

36

VOLUME 
(1.)

(FT3)

1,5277

ei22

2822 1
I totts ttr

72er )

62

24

(1) ^, 35OOOO LB PROPELLANTS

(2) 50/50 PROPELLANT SPLIT

* SUBCOOLED

Table 2. 400K GLOt^l SSTO Characteristics (Á V = 28500 FPS)

MF

ISP-SEC

PL-LB

BURNOUT -LB
(r^I/0 PL)

PROPELLANT

LB

CURRENT
MATERIALS

l--_-_-----_----

tF 2/LH2

.86

495

12560

54241

s3s , rgs

' EF ?lLHz
.ao

495

25620

41181

333 r 199

25% DRY I^]EIGHT REDUCÍION

LozlLH2 DUAI .FUEL

.86 .88

470 438 (Avs)

s500 5593

55230 47328

g3g,271 347,O7g



Tabre 3. tt 
FLOX"cHARAcïERISTIcs

L0z/LH?

30% FLOX/LH2

so% FL0X/LHz

701,. FLOX/LH|

LF 2/LH2

OXIDIZER
DEN S ITX

LB /FT'

71

77

81 ,

OA

BULK
DENS ITY

a
LB /FT'¿

taE

27.7

29.5

32

36. 6

MF PL

Llì

.86 5506

.869 1û993

-874 14330

.88 18064

.89 25620

MR

o/F

6.5

I

9

10

L2

ISP
SËC

470

475

479

483

495



"Revìew of the literature ând contacts with personne]. engaged in pàst and

present programs using fìuorine indicate that the catastrophe at the Rocketdyne

Reno test site stands aione. In addition, the AMPS program to which that
facility was apparently devoted was cancelled not after the incjdent involving

fluorjne but after a later one, aìso highly destructìve, involving oxygen,

Sofie other faci'lities have operated cóntinuousTy with fiuorine for a decade.

".JPL has successfully decontaminated subassembjies containing comp'lex components

having tortuous passages wi.th water and successfully re-used them in fluorine

s ervi ce .

'lSafe handlìng of,large quantities of fluorine has been demonstrated by

Rocketdyne, Aerojet, Pratt and t'Jhitney, Convair, LMSC, and others. Convair

performed a study for AFRPL. of a hydnogen-f:l uorine orbit-to-orbit stage to -be

operated with the Shuttle from VAFB.

"AlI this experience, and the continuous deve'lopment of small systems by JPL

and executìon of a ìarge test program at LMSC for over a decade have demon-

strated feasi bi ì ity,

"For reusable launch vehicles, however, which must be repeatedly maintained

and reflown by mil itary personnel , it is felt that fluorine is, at presen-t'

ìmpracti ca1 .rl

"It is possible to build a sound fluorine system and keep it sealed (dry) for
one use, but repeated exposure to servicing in the atmosphere has not been

demonstrated. The reactivity of fluorine with water leads to concern that

the current state of technology could not reduce the r-isk associated with
'.repeate{ exposure to an'acceptabie level ."

The foregoing pojnts out that the primary obstacle to repeated use of a

'liquid fluorine system is keeping it dry and clean.



RTCOMMENDATIONS

Sìnce the poiential performance advantages of iìquid f1 uorine, for an SST0 js

very significant, it is recommended that efforts be continued to. answer the

foì ì owi ng:

1) Methods and systems for majntaining dry, clean reusable iiquìd fìuorine

sYstems.

2) Evaluation cif the overâil effect of HF in the atmosphere, considerihg

. other simultaneous contributions . (;;^t't |"t t þamn jJ',.,''i-t"-"+ .,ú'¡'''¡- naf-r-¡**'^, 9á=)

3) Engine dôsign and operation philosophy (bearings, etc')
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Figure z

SSTO PERFOR¡4ANCE

GL0W = 400K LB

Av = 28soo FTlsE¿ ,

ø 
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Ëigure 3 - Engìne Performance
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Figure 4 - Propellant Densi.ty
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DROP TANKS
(ATLÀS TYPE)

ORBITAL/AE-ENTRY
VEHICLE
I¡//RLIO ENGINTìS

ArR T'ORCX SORTIE SqACE SYSTEM

(AFRPL CONCEPT)

TiEñITFrAL G'YÂ
ôolrvai

QRBITS..L,/
vEHICI,S'

'r\ry/Bl,lo Er

?4? JfgD BYPASS (H$ BURNING;

- ACIIIEVE HIGH ALTITIJDE FO
, OF OABITAL VEHICI'E.

LIGHT\À/EIGFIT DROP TANKË.FOR OR

- PLANFORM FOR LIFTING AS(
_ TANKED AT HIGH ALTITT]DE/

- NO INSULATION.

TANI{S DESTROYED ON RE

'

RL1O ENGINES FOR ÔRBIT.AL VEHIC]

t2
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