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Abstract:

Gradual engine can meet the needs of specific impulse and densitv specific impulse of sinele stage to orbit ( SSTO)

because the propulsion combination was changed gradually. The control equations of gradual tripropellant engine for SSTO were estabr

lished. The variation law was attained for excess oxygen coeflicient and hydrogerr fuel ratio by solving the equations. Results show that

performance of gradual tripropellant engine was 25% higher than that of traditional tripropellant engine and 11% higher than that of

gradual LOX/ LH; engine.
Key words:

1 51 &

SHURINAERT RARE LM, AT E
A e b, AL B NG A R R o 2l
THF=H T RFH : RD-0120TP Al RD-704. 1% %
ZHETCR AP TAE T PR, 35 e A 8% Tt
2o W THLESEA, KEhFLMEREKE . #iRa
RENHLGIEEBRE LA E KBV R, HEEN
TR R, R TAE T E A Y = L
BUF, G T REE K. TATE N AT AEfL 2 M E b
PR, S8 I el AR P B R A Bk B R A R L
I E . Colasurdo! ™! F XUHARL & Zh ML S L 5 9% N\ B
N T s g ik, BRE 5 R E i so ), i
FUH I A A R E SR . ALY T # A =4
TCR BN RN SE A T FE, B4 ARG R Y
PR DL RS2 T vRIE A ik — A

Liquid propellant rocket engine; Tripropellant; Single stage- Lo orbit; Propellant control

2 RERFE

2.1 FHTE
A ST AR R 2 RN S B R NI s, P
A, % Hs W BEAK b 55 2 S01E O e (8 B HE B 71 41
BT RR . HEGE R B IR AL r AR SRR
a. FEFATCRIHLF, BE LR EREE X
Rift). {BAE =20 uh, IR &t AR SR REEL A % .
FTCLEFER A REL S 1E L AR &, X &/ WA
P = T HERE ), T E R =F KR A:
r= rend= (4.512a+ 3.422) & (1)
0=a=1 05=§6=1.2
2.2 EHIGRE
HEEE| r = nw/(mu+ nPre), Q= mn/ (e +
newp), ne, = oo+ men+ e AIN( 1), A1

dmy ~ B q
dt = ™= 14 45120+ 3.422) & (%

+ UGS HHA: 2002 12-08; &1 HER: 20030224, BEEWB: EE “N\A=" ELTHED (8632348).
fEZ @ WaEE (1974 —), B, EE4, v sisch = Hoolitk kS RV ARG 2. Fmail: tanjgmail@ sohu. com



Btk Foll WA X = 21 70 R B AL S IR A N B 1 A A 4 489
dmgp - q 4600
URRp _ h=1
de = "= (451204 3.422) 87 (Y —**-s:;ﬁr——-~fialfhhhﬁﬁ-\\
dm 4100} =
EQ = = nP— ni— nERp (4) //RHW\

o miy 2 S B HEHE IR, my A2 FE RO AT,
mo e HFER AR &, mpp R VHFEME I i . Lk
JiteH, (4) A —MEOTE, Brbh, AE my A
mpp RS &
g S A, RN YPUS R BRI RN
M(dV/dt) = nel,— Mgsin( 0) (5)
H v, M s aSH SR &, ¢ AN
HEE(g=9.81), 0 AT & EGHEA.
e LENAE ARFEFERHEER R E S Y
FlkMo 2, A= [ mmdes Mo T )0 T 7R
dt = My/npd A (6)
M= (1- MM, (7)
SHRETELENK x =
mre/ Mo, x3= V/ Vig= V/7910, ui RE a, ur f8F 6
R (2), (3), (5) 28 H:

myu/ Mo, x2 =

dx; L] (8
dA™ 1+ (4.512u 1+ 3.422) u, (8)
day 1- u 9
dA7 1+ (4.512u1+ 3.422) us (%)

dAT 1= AV 3V
X AR AR X = 20 0 R AL SE I B N 4%
IR URFMR: A= 0B, x1= x2= x3= 0; A=
NI, x3= 1= waro T SAHAT IR BE x50 I HL, LA
WFAAF B ITES .
2.3 E@hiliEseE
RN EEZ RSO L AU B L & .
K(10) H, L SRZEEA R, AXRAFBE T 5
HEFIH R R R o bbb SRR LE AT R R B
Akt 2k P 1 B, iZ 2 mr DL 2 504
f1= Lo/ Vi = 0.0816(— ui+ 2.24u,+ 4.88) *
(8- 3.278+ 3.355- 0.0296) (11)
Hrh, & us- (u- 0.5)/3.
2.4 MREREEE
Wk 8 1S b - 3 ) 2H i LT T 0, s SR
TPR = pJ/ (M engineg/Ay) (12)
N M ngine g/ A R BNHLE B AF T 0630 00 58 &
71, BT R SINLF B AFLER 2 (B2 R, WrE K L

f B~ an Viet - M(fngine Pe

ay,=0.2
3600

ay=0).0
3100+

2600 - : - .
0.4 0.6 038 1 12
B

1, (N-slkg)

Fig. 1 Specific impulse vs. excess oxygen coefficient
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Table 1 TPR of different engines

Name Num Fuel | p/MPa | A/m? Mol ke TPR
RD-120 1 RP 16.3 0.0172 1220 23.4
HM-7 1 LH 3.01 0. 0107 149 22.0
LE-7 1 LH 13.2 0. 0424 1560 36.6
RD-170 4 RP 25.3 0. 1681 9755 4.4
SSME 3 LH 213 0. 0827 3800 47.3
k-1 5 RI 7.62 0. 5780 9080 49.4
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Fig.2 Optimal variation of excess oxygen
coefficient and hydrogeir fuel ratio
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Fig.3 Payload mass vs. end point velocity
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