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VARIABLE MIXTURE-RATIO AND TRIPROPELLANT
ROCKET FOR SSTO

Huang Yiyong Zhang Yulin

(Dept. of Aerospace Technology, National Univ. of Defence Technology., Changsha. 410073)

Abstract: The variable mixture-ratio hydrogen-fuel rocket and tripropellant engine for SSTO
were discussed. The ordinary and aeropike engines were discussed too. In previous works, some
were made too many simplification and some were only analysed dual-mixture-ratio rocket, so they
couldn’t reflect the influence made by variable mixture-ratio rocket really. We discuss the optimal
mixture-rutio process during ascent based on trajectory optimization. The percents of propellant

when using tripropellant engine were also discussed. The simplification made in analysis is reason-

able.

Subject terms: Single-stage-to-orbit, Hydrogen oxygen engine., Propellant mixture ratio.

Tripropellant

1 5l

FERBANN AT MR R, B MEPEBRS LRI, ZHTRIPL, W
WA R BHL. S B g 2 mE R LA B L fih 5 2 i A AR JEC At E B A0 B O R O T L X SR P AT
HEHRGWE AR AR B RRE LR E KL =4H o RSB AR,
i [7] BEABERBIFRSHEBBEAE, M THE, M TESE. & (8. 9] BR
FRE L 8 NIELET BRI FER AR KAEHAT 7o, EFES TEHEL, 2B 7TE AR

7,
AR TERREN (OB EKRNIA S ER KRN 1% 2 7] 2818 4 e )

|13

« WREHM. 1997-12-12, BEH M. 1998-04-09



2 #oH B R 1998 4F

A, T =Hou RSN, Wt 7RI, B FE T RSB RERE IR & AR
WHITEOL, FESRIETHE TR R B AL R, X s iE AT 1 O0AL, o B 45 B0 A0 B S n R A
IR

2 HIBH T

2.1 MERES T IL

oW RREWRNPERLZNI TR LR, FEEZHES RPN R i
P, SRIE 5RO R T SRR DL R A it R, BRI LE 1,

BEAT SRR AR AL 1) 07 A B VA A A $R ik

PR T SRR 0 BRAE Ze , Eh B K1 Misture rai
S0 SRR 1 9k, 7 2 O TS S8 A D A A A optimizaion
e 1), 3K 00 52 B A R S SR, — TMLW_Mme
il 280 6 SR 8 55 3 o 0B A B U L et T aptimisasion [ |_ceklaton
SC b SR P R I A AT R B0 o 69 i caleulation
ﬁ[m" Gross mass

2 L O O A A RS R A, e Y] Bemout mas

EIFRA— IR, BESERRIFE A
e IR & R EARAE . A SR H 4 AR
e, W E it 18R BB AR AR K k2>
SRR ERHARK RILB K3 =%,
2.2 PSR S HLYE R R R &

RBNHLK SRS, R R A e K b, berp . B0y B RN HE 77 B IR A b AR AL I Ok
RABMCHE #A S 1+ SAF B, o Bl ph B A E R R BL ph SR Dy B g T E B A B 1 BR A8 B oin BA
& 0E BT R B 1 Wk 30 2 W AR 1Y, i K B 36T B2 T S AR HE L L, B RAT 28 s A k2>,
T BE I K, 245 1) N R 3 BN Dy e S 1T AR BT LB SR AR AL, A3 AR 1) 0 o 4R & IR RRAE
3g. XAMMEB BRI IRA K,

2.3 JHEIE

WO, VR A O R AR A AR AR AR B R HEE L v 70, H RIS S
HEOSCHR [11]. A% 5 0% 10 e AG T & 1F A R e i — 3+ 4 .

2.4 oAk H Fr ek £ Ik

BHPNI CATHRBERSE BN RITEN T HREXVIMEL, ¥ ITETHEER
HireR 2 &&Em, XMk [8, 9] HEHAEREFMBWHIE, ARERVITHNTHRE, X
PR 2P LBHITEW R g, (HRAER KITHRM AR EnN FEREEAR, AT -K
HEUEE, AT R BRI E, SR B E RATARE R E, REDN RITETRES A R
i LR, PEAAL HbrkE Ok [7] tRA ML EARRED , $52 EX P A H br ek 20105
B S50 2 3,

3 E R

3.1 WAL KL
3.1.1 [EZERKEEAE KN

Fig. 1 Analysis process



#1194
F 5 i BRAE R =HuxRKehPLH T 2R 3

EFE PRI PS5, EaGHEEL Y 1.35, BEEEIE /1 20MPa, WA/ A7 1Y E
MRFER 97.5% , B /R EHEER PP FE N 94.5% . KEWPLHERELL R 70, RAHIEE
9 100km B EFE ., AT HE, FRHET HEEIN GRS HERFEAZE) 1) ITHEERS
] ERIEERALMEARIV N REIBE AN 7. 2, SR RAT# T &5 A AT
H (HineR#0O H2.16.

Bl 2 N KATER R W LRSI e e dh 4. KEhPLEM MR & T/E, BRI afE
HERE L NAERELEG REENR A, MESTSHEHNZRAFEKRILMIREL, HHEX
HEEMIESLAE N 7.6 F1 6.4, RIMA SN EBARREN 2. 1222, AR SRS
THET 1.79%.

SCHR (9] XJEFE 71, GHE RS T B RHME B HLEEAT 7 B 28, INRIRE L AL
B FE bR ERESN, W LRIV R R —Miafl, N THEES I
BAEWRMHFTEARE N, HHE TRAWIESE BB RS E, B3 hitHES
R, BRI AL ENE, FLL 806. 3s 515 R H LA, BMEGHBMIER. BE%
JE B AR AR AL . R APLR L b AR R AR, LSRR R AN 7. 8616, fER G H
7.52 R A AL AT IE, BEJE XOTFIRIGE T B £ ETHBUE BRI A R, IR G R AR A IR
%, WJEikFRE IR ME 6. 18,

2.19 8.0
Vehicle use two different

2. 18 mixture ratio during ascent 7.8
N 2.17 o
ke -
2 wis £
g 5
< &
g 2.15 25 6.8
= 2. 14
LN
By 6-4

2.13

2.12 6. O

5.2 56 6.0 64 68 7.2 7.6 8.0 o 0.1 0.2 03 0. 4 0.5
The 2nd mixture ratio Time

Fig.2 M. R vs performance using two M. R Fig. 3 Opt. control process of fixed M. R engine

B A4 H A FE R 6 SR B AR R BB N 2. 10, WP DWAE M PR T 1%, LEEESHLR
B TFRET 2.77%.,

3.1.2 "HIHEAIE RN

S ELSDEARDIME KLY 100, CITHREEHEEL N 1.35, RAWPLHEERLL N
70, HLPRRE A 0.95, BREBEEE /] 20MPa, & HUIE E N 100km ) B #LiE .

W] e VB A Eu i 2 R S LR th & &l 4 Bros., IREEA 7.2 S A B fEERERRIs A
1.7352, 5 @EBEEERALAMAL, SEERNLNVEREERS T 19. 7%, AT K3 EX
REIPARKOMMENE, EEARERT A & EAMEER, TR &,

M LA AR Rt & B 5 roax, BB RErE e EHNREHT, sEH
GRA8M 7.2, XNNTHESH ML 1. 7204, LFERHBEERAHREER 0.3%.

EAXARDIHR S L ES R ER LIRS E 3 AL, X EGEFRR N 1. 72255, L TR



4 O HOR 1998

R 0.396%, hE R AEHIER 0.7%.

4.0 1.738 <
1.737 Aero-pike engine, two
Aero-pike engine use different mixture-ratio
351 : . . o 1.736 "4
fixed mixture-ratio b [ .
x £1.735
5 3.0 1.2
£ g 1.734
g g 1.733
@ 2.5 <
: 5 732\?/
Y
& 2.0 1. 731 .
1. 730
1.5 1.729
5.6 6.4 7.2 8.0 88 9.6 10.411.% 7.087.12 7.16 7-2 7.24 7.287.32 7-36
Mixture-ratio The second mixture-ratio
Fig-4 Aero-pike engine perf. using fixed M. R Fig. 5 Perf. of aero pike engine using two M. R

3.2 ZHumERIP GEE. K, BHE)

—HoulEERE SRR A L RSHLH T SSTO B tEre th & & 6 B, mAEMERE
TRV 2. 0164, BTt B e 40 & B /i SRR & EE R 2. 988, A /AR & LN 6. 96, )
AR R B HLE) TAERT A 5 & TAER g 1290, MW 7 oa] I & £ R AT 38 T & 5 A
Eb{E 9 2. 0022, mE TAEG HnF . KATHE KN EHEE LY 3. 056 FIMEEMm R KL, T
VER A) o5 S B TR/ 13% . ER N RIRS ) A S AL, R MEHMMEIEA N 7. 28, #
HON6.32, ZHBTAERT [ AHE AR R B2 o Sat i, HaE i) .

2.065 ; 2.016
2160 ' Mixture ratio T N e a4t
« 2.055 BT T e 2.988 2014/ RP/O, mixture. . . .. 2. 988
- \ of RP-1/0, w N ratio
e 2.050 ’ 3. 056 Lz.012) N g 3.056
2045 \ o N
g | & 2-010 N
£ 2.040 \ ¢ T, _
s E m - .""\-\. -
£ 2.035 ' gz. 008 e
L - b
* 2.030 ¢ B 2006
2. 025 5
2. 020 bt \_/t
2.015 . . 2. 002
6-72 6.80 6.88 6.96 7.02 7.10 7.18 6-967.04 7.127.20 7- 28 7.36 7. 44 7. 52
Mixture ratio of LH,/LO, H:/O: mixture ratio
Fig. 6 Fixed M. R tripropellant engine perf. Fig. 7 Variable M. R ratio triprop. engine perf.

HERTHETUES, ZHUBREMARN, ZHixEEREGHLEDII, ZEATRE
bt & B LT PE R 4 5 R 2. 0022, 2. 0164, 2.122, BETRE=ZHA KBRS RN, BHHK
il P 7 o ml e PR RE 0. 71 % M 5. 98 %0, WIS FE IR BB B BLRE, A4 bk 2 B 1 e
F¥H—LT K,



194
5

BREH R =ZHuu KA THRREAR 5

4

2w

(1) PN K AR & L ARSI AT DA RAT S O PERE SR & 2. 77 %6, M LA

A RENVLELE R A A A KPR & 1. 79% . X T A 5h ZE X ks HL_E 1 8BS 2 5
WA 0.3% M 0.7% .,

(2) BHNP AT A KM B 2E X RSP L 8 2 KR S HLTERE AT 42 /5 19. 7%
(3) BPENP AT R =HIuRIRE LRSI =H oo [ € ' & b R sl & 4 e &

REWREIINA E TR, =4HuRIMVIEREIEEXN CITS TR A RAMEmN, X
Aol B Wi g KT R FH AR TR & EE R B AL i BE 7 SR AU &

o

10

11

(4) HL4 [ A8 78 4 Lo R Bl B 1 e b e fag 2 00 = 21 o 8] e R & Lh R Sh L AR i

Z % X MW
James A M. Effects of tripropellant engine on earth-to-orbit vehicles. JOURNAL OF SPACECRAFT.
1985. 22 (6)
Beichel R. The dual-expander rocket engine key to economical space transportation. astronautic &.

aeronautics. 1977. 11

Douglas O S. Propulsion system optimization for advanced manned launch system vehicles. Journal of
Spacecraft, 1989, 27 (3)

James A M. History of propulsion for single-stage-to-orbit and mutiple-stage vehicles. Journal of Space-
ceaft. 1995, 11 (1)

Detlef Manski. Evaluation of innovation rocket engines for single-stage earth to orbit vehicles. Journal
of Propulsion, 1991, 7 (6)

Goracke David. Tripropellant engine option comparison for SSTO. ATAA 95-3609

Lorenzo Cusalino. Optimization of a dual-mixture-ratio hydrogen-fuel rocket. Journal of spacecralt and
Rockets, 1997, 34 (4)

James A M. Variable-mixture-ratio and other rocket engines for advanced shuttles. Journal of Propulsion
and Power, 1991, 7 (4)

Colasurdo G. Mixture-ratio control to improve hydrogen-fuel rocket performance. Journal of Spacecraft
and Rockets, 1997, 34 (2)

Herman Albert. Direct optimization using collocation based on high-order gauss-lobatto quadrature rules.

Journal of Guidance Control and Dynamics, 1996.

® B KERRZANPR IS0 . HEHESOR, 1996, 17 (1)



