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VERIFICATION OF MATHEMATICAL MODEL
OF DYNAMIC CHARACTERISTICS FOR
LIQUID ROCKET ENGINE

Shen Chibing Wu Jianjun Chen Qizhi
(Dept. of Aerospace Technology. National Univ. of Defence Technology, Changsha. 410073)

Abstract: Test data are used to verify the nonlinear mathematical model of dynamic charac
teristics of a pump-fed liquid rocket engine. The actual measurement error range of engine parame-
ters were considered during the model verification. The results of the model verification show that
the deviation between the actual measurement and calculation results based on the nonlinear model
of engine parameters being able to be measured is in + 7.1%. The deviation is in the allowable
range of engineering use.
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Table 1 The relative variation of the external interfering factors

Steady-state _ _ . o
. .. alﬂrl/pf‘\ =3 aprf{)f i aphn/f)]{scr ! (’)\th./pf\sr_ d apim;/ﬁi‘pr’s ! apipf/pi\pf ;
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No 1 —0. 012003 —0. 0077638 0. 368602 0. 281500 0. 050442 0. 090408
No 2 —0.012003 | —0.0077638 0. 368602 0. 281500 1. 277483 0.127823

Annotation: The interfering factor with the superseript ( * ) shows that the value of the interfering factor is given when the
engine parameters are calculated in the rated operating condition. Nol and No2 indicate respectively the first steady-state op-

erating condition and the second steady-state operating condition

(2) ERPTRETHLEREER, pro pu AR FL iy oy ny po R BESENENS
K, W0 AR R )RR O AT

(3) ETERFPIHEAN, AFERIENMPOREZNE, EARFEIREFRZEE

AR ERREEABTFMERBOZRL, R PR A=0.001s, WHEHKEE e=10"°, AT, =
88s, Ty=>56s, I EITER, KT HER ppo. puMITEEMN 565 I8, B AT, HUK K
A BB FF NN pipes pinfE “to+To~t,+T,+AT,” KIS 8] N B AT . NETA B pino s
Pt T3 NI 2 ¢+ T T 8605 B ZJ5 AT, I8 B RSN S 8UE, R BRI o +T,

ipo~ Pipls & T E B RE, fis i \_Xl'_
AT, B2 H MR ZDT i B, EE EiddmA, TR RE, BB EY
AR, RN SHNP AR 5LUER X EEin & 3~6 Fiw.,
f;ﬂ ----------------- 4|0_ e e el RS - =
Fifg= ey ', ..... ,, 2ol ‘ ______ ______
o . . . WY . o
‘ai 2.0 ; ! : "é-_ 2.0 : _.__(_;P; ..... Mt ST
< % LA I :ol
Lorf S e e . | TN 0. W . A A
i I - ; | 0
0.0+ 1) S S Y S L
—10.0 40.0 90.0 140.0 190.0 240.0 200 0 310 0 —10.0 40.0 90.0 140 0}190.0 240. 0 290. 0 340, 0
t/s t/s
Fig. 1 The time history of piy./pip’ Fig. 2 The time history of pi/pini’

LTFHER () RRINSHENDTEE, B 3 2B RV T EHNHE Il
2, T, bV AR AR M AR B, HE D T SEAE BE A I R A9 3G KT HE OK, R IEBIRA,
ERRSNHEA T FAELEUER, R -RETHN 6 (F) =—4.134% ., AR 1 ATk, &R
FE) 6 AN TIE RS S TOUR BAX R B LEBL, poo FIARXS AL B BOK, B 5]
KENPLSH AN EZTHE R, R (3] BB 3 TR, ERTIRER pi I8 AN,



%19 %
96 1 WA BT R Bl AL Bl A T R R R Y 58 T 5

sl R BIHLHE ST E K, BB 1 AT A, IR p BE A B E] B ORISR &S, Fik,
Bl 3 o B4 v SR AR B 2k Bl R ] R 9 KT G OK

Bl 4 RSP E R AT ENGATE T p B, PRI IREEIT, p THE
{EL Bt 5 IS 1) ) 38 KT 8 K, 294 148s NN ZA BIRR A ME , LI p W TH BME EE SCMME AR, A28 =
RS LM 6 (p) =—3.289%,

_ L2
1. 20
&, T :
~ g Vo St 4 a < I
& 10 & S 1,00 >
_‘Test MModel & Test 442 Model
0.8 L 0. 80 i L L . .
0.0 40.0 80 0 120 0 ]50 0 200 0 0.0 40.0 80.0 120.0 160.0 200.0
t/s t/s
Fig. 3 Comparison of simulation results and Fig- 4 Comparison of simulation results and
test results of F/F*"’ test results of p../p.’

B 5 AP RN BB ML, MENTEAESINEAEE T, 5
BLUE 6 Gr) =—1.077%, & Gn) =—1.186% , », KB I 8] (389 Ky 36 K, feJa ik 2
R, T om EBANSSEE RPN R, db ™ &, RIhHLH T A B 8K
#B, BERBET ppNIEBRKINSHEEMN EZTRER, 1T, SESES p &
i 1] B 38 K A 1 K s, MR R EPLE R R E A B R R T B T IR pi X K3
BLSE R, o] AR o IR B8 RORE SRR 4170 LI R I 45 R, RS R 5 18 5 Frkon 4Lt L
TE 3 I B Bt I B AT K A 45 R 2 — B

K6 RAELERLEMNEEMML, KENTHEHESLNEIEFEEL, ELERMEN
AR, ERZRETRN, FEATEERLNED, 6 (1) =—0.6883%.

PLESRECTH SR 5 Se e 2 1) ) 22 BE I 8 7 5 S E ik 22, SEBr b, RBINLSHW
SEMEFERE: FAL1Y, o HE0.5%, e AE0.5%, n HE0.25%, poNE0.7%. %
FE SN AR AR AR %, DA B AN O R R R B UL 2 B A X e = S e 6 () AE
—5.7638%~0. 4379 M LH N, 6 (po) £ —7.0990%~2.8308 %W LH KN, & (n) £
—1.1751%~—0. 6797 % HIFEE N, & Gir,) #E—2.0475%~0. 3282 HITEE N, & Gno) £
—2.5122% ~0. 3098 % MM H A ,

: _ 1.1
=12 === (Test) ——m(Test) b
S A i, ( ModeDas im (Model) 5 30 .
F o e T W s ‘o
F e
e S
3 . ? Test 4 Model
3 0.8 - : o
R 0.0 40,0 0.0 120.0 160.0 200.( ¥ ‘ : : : .
i A0 0.0 40.0 80.0 120.0 160.0 200.0
) t/'s
Fig. 5 Comparison of simulation results and Fig. 6 Comparison of simulation results and
test results of sin, /i, "' ring/mng "’ test results of n/n'"’

W EFT LR, KV SRR R A i R TRM AN EFEEUA, i



6 O #H K 1998

AF £ VA R A AN HE B 2 1 BL R LA 2 51 R

(AR v ) 2 R 1 ok AR 2 A LA KB O 2R 06 i Gt vt B ik i) P 2 4 1 o5 &R X, i
AN SE RGBT R R R R A

(2) BVHEAENHMBEZ, ®AE, BB, Bk, xES. BESOKKEERE
45 A G0 I 7K B #4551 L T A 2 e R Rk A I R Sl AL BT A A A K K R O e B A R

(3) AEBT IR RIE R FER LA E T Z DR RFE,

Zz % X W

1 Rk, RB%E, BMEE . TR RN BE KT ZAPERER LM . b E 2 W EFEHEAR, 1997, 17 (2)

2 Mason ] R, Southhwick R D. Large liquid rocket engine transient performance simulation system (final
report). NASA CR-184099

3 Wk, REE, BRRBRE . WAMFIRE RN B KSR SIHLA w4 dr . B B RHEK =4, 1997, 19
(3)



