8 3 Vol.8 No.3

1993 7 Journal of Aerospace Power July 1993
*
e o
1
(2
; ( )
(3 8
(7 7
2
[9]
(1 , :(2)
) ) 9 ;(3) )
1 , (1) ;
(2) :(3) ; €T); (4)
; :(9) ;
: ; :(6)
1992 9 1992 11 * ( )

w Ok 802



2
= O rer [ T s

X.= (xr.ref/rr?/;q%‘f: Pereg Tref Cooref (T vy = T0)s Qroy =

Ty

(,’(‘(rpf(T.\/‘(‘f_ T”) L T= [/I“X:x/x,:, 6= (T e 2 [——;
— T)(To—T.), F= 1/ Ry, Hl o
- - - - H “
0= q! R, H= qi/ Qry  (i= cr5, g2)» R= 1(1) ' 11g» s [ ]
al
t

P=p(t)/pew CO=c(T) /et s K ®©=k(T) ke,res X
,C Jk i ’ X
,p ,p(:o ,ql :
7ql 7r ?t b T
T X P ; c .S g ,ref
2.1
CL(G)[%i_wL R é}ﬁ(] = aT?[Kl(e) % + N.Ff(X,A + H.€0) (1)
ax.,t= 0) = 0(X) 86X 5- o, =0
(Kdewa’(] 6s = (Kg(SmaX] et RH.=—Qi% (1-\N)(1- F (2)
(D 23 . €(0) (2)
Q: ) y ; )
R (2) N. , ¥ (1)
f(X,A) Bear WOl = [qwf+ e Tsrg=Ts)= i Cf(T)dT] ! Qrg
P”-‘exp{ 1 - (Es/RuTsrer) 1/(Ys= 1) } Ys=Ys
R = P"X (Yv - Ym)/ ( 1 - Ym) " Ym = Ys < Yk (3)
0 YS < Y"l
E-’ 9R“ ) Y= T/ T3~/"3f7m w
2.2
6, (X=0) (X=Xr)
o) . 24 Ce
s= | K ~ S H - RX| dX 4
qe. [ 2(8 a,(} s f € pceXp[ K. ( )
MTS el ) Tg’: Tg( Cg/Kg) (pf/ pg) » T

= Xilue= (Xi/R) (P P, X;= TRK ./ Ce, T

B

B

[10]

[7]



252

A M(D{B+
@pnz{

(1= B/o(X/Xr))
M(D (1- X/X)/(1- o) "

0=X =o0Xr
X< X =Xy

(3)

M(D X BY 0=o(P)<1,0=B(P)<1, N P) =
0 Y(P) [7] ¥
(P)
0 X/
i = B Y+ 1 6
(D= X1+ «B¥+ 1)+ Y- 1/2 (6)
(6) :
qes = HM(T Ifgg[ﬁ+ RK_Cif_ﬁl(X_)(f - exp[— I%RO(Xf] - If_gg_ﬁlo&/ exp[— I%RO(X/]]
—(1- X/X))’ Ce
+ H M ml—_o(fLexp{— K—gRX] dX (7)
Y , DelLuca t o= Y= 0,8
=1 KTss ', o=1,8=0 |, ) Culick '
=0, p~=1 P
( ) Xs .
(1) € ;8 (
) ““J (2)
QL= 0,F=0, Q:=0,P(1
L F , P
(D F(9 O
2.3
P(T) = (Po- Po)exp(- A, + Po (8)
F(1 = Foexp(— A7) (9)
(8) A Poi, (9) Fo  Ar,
Ap( )
[10]
3

(1)

Crank- Nicholson



3 253
3.1
2 Ap Po , Ap
; o( ) Ap ( 3,4,=
0.5), , Po= 0.015(  poi= 0. IMPa),
N 2 4,A1)= 1, P()l
0. 015 0. 15( poi= 1M Pa) , , , R
[6 8]
3.2
3 N=1 , (Fo=
1) R Ar Ar.(‘r Ar> Ar,t:r R Ar R FO
I.4
A Pg A,
1 10.0 0.0L5 10.0
1.0 i 2 1.9 0.015 B5
3 05 0015 8. 35
@ .
2 4 Lo 025 10.0
0.6
1 2
0.2 .
0 5 10 15 20 15
T T
2 3
(0= 0. g= 9= 1) (= 0. 5= y= 1)
( 1.-4) ,
3.3
AV )
4 Ap
508
P Ap 19 Pre = 3. 2Pa
(12.8MPa) ) ; Ny 0.ek AP=5 8MPa .
8.
P ( Dp=7.5MPa) N . 0.6
P o by 0. 4
Ap P 0.2
[10]
’ 0
Apm’ Ap> Ap(‘r
9 A cr 4



254 8

w

0 N N w»n A~

, (S08, 18. 5% Al; S06, 16% Al)
Np o 56 5

20 12
o —itHE
OF P
15 e AXIEX
. ~ 8
5 g
4 4
F-9
9 ; A
1.0 3.0 50 7.0 1.0 3.0 5.0 7.0
e (MPa) oo (MPa}
5 (s08 ) 6 (S06 )
(SO8 S06) ,

Trowbridge ] C; Mattews D R,Lawrence W J. Fluid Extinguishment of Composite Solid Propellant- ATA A-70-641
Leining R B. Liquid Quench Concept Development for a High Energy Solid Propellant Rocket Motor. AIAA-70-642
Coates R L. An Analysis of a Simiplified Laminar Flame Theory for Solid Propellant Combustion. J Com Sci and T ech,
1971, 4: 1
Krier Hs et al- Nonsteady Burning Phenomena of Solid Propellants: T heory and Experiments- ATAA J, 1968, 6(2): 278
Culick F E C. Nonlinear Analysis of Solid Rocket Combustion Instability. Astronautics Acta, 1969,14(2): 171
M erkle C L, et al. Extinguishment of Solid Propellant by Depressurization; Effect of Propellant Parameters. AIAA-69-176
De Luca L, Riva G, Bruno C, et al. Modeling of Spacewise T hick Flames. [AF-86-196
Suhas H S, Bose T K.A Mathematical Model to Predict T ransient Burning Rate and Pressure Decay Rates for E xtinction
of Composite Propellants. Combustion and Flame, 1977, 28: 145
> s s s . . ,1992,(1): 68
[ ]. : , 1991



308 Journal of Aerospace Power Vol. 8

be conveniently carried out. The contact stresses on different contact lines of a pair of
aeronautical helical gears acted by dynamic and static loads of the gear system are calculated.
The calculated results show, the present method and the corresponding microcomputer
programs are fast and reliable in calculation as compared with those by Aeronautical

Standard of China HB/Z84, 2-84.

A TRANSIENT BURNING MODEL OF SOLID PROPELLANTS

AND ITS APPLICATION TO LIQUID QUENCH OF ROCKET MOTOR
Yin Jingi, Wang Kexiu, Wu Xinping
( Northwestern Polytechnical University )

ABSTRACT A transient burning model of solid propellants is proposed, in
which the distributed reactions and deep absorption of external radiation are considered in the
condensed phase. The heat loss due to boiling heat transfer induced by liquid jet impinged on
burning surface is taken into consideration in the energy balance equation on the buring
surface. A space-wise thick flame model is developed to obtain the flame heat feedback under
the conditions that the decreasing of chamber pressure and gas—phase temperatures is caused
by liquid injection and evaporation of liquid drops in gas phase, which-is described by a
submodel for internal ballistics of rocket motor durning liquid quénch-T he model can be used
to describe the transient burning behaviors of solid propellants under the influence of
external disturbances, such as rapid depressurization, deradiation or liquid injection, and to
obtain the critical values required for extinction ,of solid propellants. The results from
theoretical prediction indicate that whether the(transient burning comes into extinction is not
only dependent on the variation rate of the external disturbance, \but also on the variation
amplitude of the disturbance. The critical values of liquid injection pressure drops for
extinction of two_~Kinds\ of aluminized ~ammonium perchlorate-hydroxyterminated
polybutadiene propellants ( 16% A1 and-18. 5% A1) were obtained by experiments. T he
predicted results obtained from the transient burning model are in good agreement with the
experimental data. The critical value of liquid injection pressure drop increases with
increasing propellant energy and chamber pressure.

DETERMINATION OF LIQUID QUANTITY REQUIRED

FOR LIQUID QUENCH OF SOLID ROCKET MOTOR
Yin Jinqi, Wang Kexiu, Wu Xinping
(Northwestern Polytechnical University)

ABSTRACT The liquid quantity required (LQR) for liquid quench of solid rocket
motor was determined with the use of a theoretical model developed by the authors. LQR
increases with propellant energy and decreases as the evaporation heat of liquid and the liquid
pressure drop (the difference between injection pressure of liquid and chamber pressure)
increase. The effects of the chamber pressure and burning rate pressure exponent of
propellant on LQR merge into the effect of mass burning rate of propellant. Then LQR
increases with increasing mass burning rate. T he theoretical results are in good agreement
with experimental data.



