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ENGINEERING DESIGN OF 3-D SINGLE PROPELLANT
SINGLE-CHAMBER DUAL THRUST GRAIN

L1 Yuesen Wang Jin Li Fengxiang

(Shaanxi Inst. of Power Machinery, Xi’an, 710025)

Abstract: The methods of design and parameter optimization for 3-D single propellant single-
chamber dual thrust three-dimensional grain were introduced and some misunderstandings about it
were corrected by a concrete engineering design example. Thus a necessary foundation was estab-
lished for the use of the new technical achievement.

Subject terms: Dual thrust rocket engine, Charge structure, Dual thrust grain™ . Engineering

design

1 4l

2173 80 Y4 ) B 5 XUHE 1 R B LS LSRR (P AP HERE D) SR SEBLRUHE 77, XUMRIE 25 4 1)
Mg TZE a4, HEMRK, —RAGHETFENEOHR, WKREE, WIKEL, mIKEE, R
Yo E, HE DAL AROR B R R SR A . R R, ORI R RS BR oK, BEAh, XURRIE 24
¥y 7 e HEBE TR L ARG R R R A iR UL R TR X B A R T B A R B AL
fh A A BIEYERE AR, BT, RATEKREHERER E, #3177 —HEHE 2
A, IR T A R R SEBUWHE S T VAT T . R Gl B i e DA & AT I A, ik
IR % BT J7 R BE WY A SCE AT AR 5 0 SE A I

2 B OOUHE ) = HEEGAE 1 T T

2.1 WHIEMEREMIFE L
R UHE 124 K R PR — HERE AU ST RUHE J 1, e, SR AR IR 9 TSR A
1 % SRR 3 51

uills

Wk H . 1998-04-03, & HIM . 1998-06-01, A HEREFR AT K Tl & A &) B 5 5 = 2% 4



%19 %
96 1 B BRSO HE ) = 4E 2 R TR R 33

Apr. 516
!h=W°WﬁnN°jﬁm : (1)

R a4 HEE R B AR R M, BB L RSB PR SRR Ay A, 2N A
08 A A8 BT B 7 9 ) R RB R . — IR 0. 98,
RN B8, BTSRRI P b 1k e TR, 45 2K 0 P P40 B 2650, TUAE 58
MHE LA
(2)

|

'y — d

il

‘1|‘g

(3)

K. po N ANRE LIP3 TAE K ry ﬁ%:’IKWJ—J:E{]:Ff]Wﬁ Ah AR R,
R, #RBERN S ¢ A A5 I R e I ) 2

l'?."—]----i =

ti = lowy T Loy + *0 + tigi = Z}f&—l—-k (4)
k=1
| ~F 35 s 5
IHJ podt (5)
1 (Mo
Por = | padt (6)

KR T LSS 1R KR E AR 5 B AR LR R BT R R ER, &EN
F TREIE R AR AR AR P, B AT X P 306 1 R E AT 1H 55
2.2 Z=#EHHERIILIER

R‘T--—‘ﬂ”ﬂiﬁi (RER, R LEEN BitE o ek, BRI S
TS, TZWE, JSCHEARER, &EE TN, X 2R RS BT Rk
I, EFWM T I KRR, BEEKIe, RAKEN, RAKEL, BARE H,
BAME « URAGHENR ¢, HARRBN A KBV &K TAE LSS R = T 5% .

;S Prmﬁx o *4 bmax « 1/{1—n)
‘}(|; == /_)E S ( .("1}, ) ““-<~_ fpm:lx (7)
A Apacs Ay 73 B RBRKIRTE 5 FHRM . R es Ny L, Hy a M1 HIRE, foma— B

1 O
5 P T R T 1038 P A B A P AR 9 — A TR FE i AL B b, IR ST o B0 A 8N T 3
5 F 46 B2 0 A S

3 LRE&RFAAER LA )

I8 H NN BB — Ak TR S I OOUHE DA WA I R, B AT S B R HE D BERUIK (F /F L <2.5)
MR REEAGER 0 R¥E, BRATE ST TR FR %, A EHER BN RR
X,

3.1 RTH#HHH

MFRMER NGNS, EBLIURKOE, /F., iFHERKN Ay /Aw, AT

MR AR RS o K, R SRS 1 HE ) LUt B DABR I & S HL B ot & L R A, BRI



34 O #H K 1998

FRE B LR 1
Table 1 Relation of thrust ratio and volumetric loading fraction
Thrust ratio 2.0 2.4 2.8 3.2 3.6 4.2
Volumetric loading {raction 7, 0. 8933 0. 8838 0. 8768 0. 8680 0. 8609 0. 8552
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Table 2 Comparison of specific impulse data

Item Single thrust Dual thrust Single thrust
Average pressure/MPa 5.6 9.3/3.3 7.6
Operating time/s 60 4/17 17
Specific impulse/ (N = s/kg) 2312.8 2391. 2 2399. 04

X2 MR R, H AR Jy B e o o R B e SR SR (pey =2. OMPa), fHHEE
ﬂ%%mﬁ%ﬁ,%MﬁﬁiﬂﬁﬂkmmwwWﬂ$3xako
3.3 WA=

TE SR T B0 5 XUHE 7 R AL AR Wi b, 2 R B R B AL I S B A B ) 48 1 v T AE
B 5% ~8% , XA H T RBNHL T AE o 75 o HE 2k 770 8 o s 22 3& B . A (W 25 2 0 R 3L
M HEMERE =R, [ EM,

H a7, A58 % 2 R BB E A R, r = ap” SEAT BRI FNR B = 15 5 O B 5, T
HAR R R B R 38 BONME RS Rk o R I 48 56 8 2, SR T SEPRIE 0 A2 L a B T o g T3 i A
2 B (PR A, 34 52 AR 3 R AT IR B sE e 6 T oK 2 BOHEE A L 0 BT B e 5 1R 38 i 1T 02D B
#, ERHTXMERERENR T REAERIUTE SN EMREZ, S TEMNANERT

TAE R S KB LK UL, X F ﬁ%ﬂ%kT'@mnﬁﬁﬁ%,ﬁm%ﬂTﬁ:

L ? + (Inp)dn (8)

LW, RERZE dr 5 da, dn ¥F K, T BAE & EBWIA dr 38K, MR E R 57 —
e ERImAWEIN o HETRE, £, RETEHAARDN o 6; 75— 7 mEHI L5
SE M BE T, 38 T bR v e S AL ISR At I BN HERR I o, AMEAERRIE N EAARMB » .



%19 %
96 1 B B HE ) = 42 R TR R 35
SEERIEM, MEAAEMW a, n B, XTI 4FEHATHHE, BREMRZE K KNDS,

4 15 SEH

X B 142 ¢650mm ., #E f1LE 2. SH}]%&E?'(
XHE S KB BAAT T &k, AR
A e BAER, A A B A
B2 T RS HE ) EE K& AfLMEE%E
K, WATE R R TR AR R R
B9 AT BE . Bk i A6 AN KT B 38 3R K
Ty e H 4 R B & S pL A o0 M e R 4F

[y 1A Jamm fad 3, E R EREIRbr

S5 4 R IER 3,

10. 0+

“w
P?-L“—-‘\
S

== Design curve
Experimental curve

o 3.0

[« i \1,\ . - === il S

= v

= 2

e =

G>(‘_-. ||||||||  J5. 200 A D B B I O I S I R S i |
0. 00 5.00 10. 00 15. 00 20. 00
.l'/s

Fig. 1

Comparison of theoretical design

curve and experimental curve
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Table 3 Comparison of theoretical and experimental value

Item Design value Experimental value
Mass of propellant/kg 1223 1226
Thrust ratio 2. 85 2.83
Average specific impulse/ (N « s/kg) 2342.2 2381.4
A 1.08 1. 04
Volumetric loading fraction 0. 897 0. 905
Pressure in high thrust/MPa 5.3 9.1
Operating time in high thrust/s 04.5 4. 65
Pressure in low thrust/MPa o320 3.20
Operating time in low thrust/s 16-5 15. 8
Z % X W
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