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Abstract: In order to study the automatic pressurization method for liquid attitude and divert rocket en-
gines, based on the theoretical analysis of automatic pressurization system performance, the automatic pressuriza-
tion experimental system was constructed based on orifice control elements, and the automatic pressurization per-
formance experiments based on cold flow and a verified engine test were conducted with the human-simulated in-
telligent control strategy. The good smoothness, rapidity and accuracy were realized. The study shows that the sys-
tem performance is determined by the orifice area, the orifice exit and entrance pressure ratio, and the propellant

tank gas volume under the pressurization system structure and working medium. According to the test require-
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ments of the engine flow rate, the parallel orifice group containing three inlet orifices of which the volume flow

rates are equal to 60%, 30%, and 10% of the propellant volume flow rate respectively are organized. The maxi-

mum critical gas flow rate which is larger than the propellant volume flow rate (the recommended value is about

1~2.5) provided by the orifice group, the orifice exit and entrance pressure ratio which is approximately equal to

gas critical pressure ratio (0.50~0.60 for nitrogen) , the tank gas volume which is more than 1/4 of the tank are

satisfied simultaneously, and the flow rate of outlet orifice is equal to 105% of maximum critical case, the auto-

matic pressurization performance can be improved effectively based on automatic disposition of the orifices ac-

cording to the human—simulated intelligent control strategy during the engine operation.

Key words: Liquid attitude and divert engine; Automatic pressurization; Human—simulated intelligent

control; Cold flow experiments; Engine test
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HESBFT I (v, = 1) Mo, A FHAM 22 5 fo i 22
] (=M, <e, <-M,) 5 e, AbF FIF I 22 5 K o 214
2218 (-M, < e, <-M,) H e,-Ae, > 0}, 355 M4 fF
BRI (y, =y, =y, = 0), LR B AR 46 &
Ji. Wifte, =-M,He,Ae, > OB il FIWie, e,
Ae, , R 78 X R 18 1T HF PIAG B0 0 /R e, > -M, H e,

Ae, < OIS, i e, 5 e, Ae, fb, if NV Jd i 47 1iF 22 5
‘Ae,,/e,l 55 HC B B RN G R W R Ge 4T, B i 3
J HER P

Table 2 Control algorithm for the case of ¢,<0 and y,=1

Serial Output variables
b Input conditions B R —
number Y1 Y2 Y3
1 -M, <e, <-M, 0 0 0
2 -M, <e, <-M;,Ae, e, =0 0 0 0
3 -M,<e, <-M,,Ae, e, <0, Aen/e” <a 0 0 1
-M, <e, <=My, Ae e, <0,
4 0 1 0
a<|le, /e |<B
5 —Mzée”<—M3,Ae”'e"<O, Ae"/e” >B 0 1 1
6 =M, <e, < O,Ae”'e” =20 1 0 0
7 -M; <e, <0Ae, e, <0,Ae, /e, <y 1 0 1
8 -M,<e, <0,Ae e, <0,y< Ae”/e" <e 1 1 0
9 My <e, <0,Ace, <0, Ae, /e, |>c 1 1 1

F3PIAG I S ICIME S R E A S, RGEAE T
FHRZS o Ae, = OB, REEFRE , KM T A #E HER
15 Ae, > OB, IV2AH I 1 A FEAR 3, O 05 3 TR fE
I 58 B E AN (yy = 1) 546, < O IR s 7 A 348
R e, DR HE R 0 o e R T A R R
WL AT A HE Gy, =y, =y, =y, = 1)K
TH RTRE 0 A 246 1 7

Table 3 Control algorithm for the case of ¢,=0

Output variables

Serial number Input conditions

Y1 Y2 Y3 Ya
1 Ae, = 0 0 0 0 0
2 Ae, >0 0 0 1 0
3 Ae, < 0 1 1 1 1
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Fig. 4 Variations of tank pressure deviation at different

propellant volume flows
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Table 4 Effect of propellant volume flow to the propellant

tank automatic pressurization

Volume flow/(L/s) t/s e . /kPa /% e /kPa
0.03 0 3 0.0526 3
0.15 4.958 -18 -0.316 0
0.37 5.003 -16 -0.281 1
0.45 5.005 =24 -0.421 -2
0.70 — — — —
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10F _ _-p/p=060
Fmep/p=0.50 X
£ SE —w—p/p=046 5
5 og [ 2 N
= Fl z;".....:
5 -5 L
s ; R
g o | XY
a -10 -l .,.}‘c.‘;‘ﬁlﬁl‘..,ﬂ,.‘
g i !
;: —15 M@V :
Y o
S PSR |
“F V "‘."! ek
E \ i
a5 L [ S L1 ! !
0 2 4 6 8 10
Time/s

Fig. 5 Variations of tank pressure deviation at different

pressure ratios of the orifice outlet and inlet

Table S Effect of orifice exit and entrance pressure ratio to

the propellant tank automatic pressurization

Pressure ratio t/s e, ./kPa /% e /kPa
0.46 — — — —
0.50 9.15 =22 -0.386 4
0.60 6.29 =25 -0.439 0
0.75 — — — —
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Fig. 6 Variations of tank pressure deviations at different

gas volume of the tank

Table 6 Effect of gas volume of tank to the propellant tank

automatic pressurization

Volume ratio tJs e, /kPa /%  e_/kPa
2/3 5.509 -15 -0.263 3
12 6.150 -24 -0.421 1
1/4 3.614 -31 -0.544 1
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Fig. 7 Firing test measured curves
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