1990410 A

W o B R Oct, 1990
® 5 M

JOURNAL OF PROPULSION TECHNOLOGY No .5

LA/ B B IR B
i B i 55

IR A Ju MR
(TR

m§=$xﬁﬂm&mﬁ£&mmwmﬁéﬁwﬁﬁﬁ,wmﬁgEWﬁvﬁaﬁﬁﬁr
WALS AT S, WO A MR LI B R, RERER/MIMEYWCARBL. TUIKEE A, LRI
#its RERWN. R EH N ERRLE, RRE, REHBESSREEN, DRk

MR BB R S R EOE L. RS, BRGSO RRAE, it
BERSTRERY SR,

£, ABRHURE, AFER, BEHE

—. 5l & _
R L/ RS LB S RO P R AR 2 — o FERRBRNRR T, TR 1 Si0,

KE, BMORLE, URZHN BRI EERESEORME R, (O mE1FTUR,
KR RS BERER T ERITROE RN,

wiw FEEE Ean 2
??ﬁ~?'“P-*+‘!' - x:‘;h
- Xao l R:
X, R;

B kehhsy RMAY

A&3r19894E 9 H 9 HIE



R RIS R BEEH TN FR G, —FRETAERFEHEC, 5 2 K
Sy HREEEe 1, Hh MR R RS HEERE SRS/ MEARRET KB KN S %@\
T, CEERNHEORE, —REAHE AR 5REMRLEKR, FARPRABRLE, B
RoxFER B RSB/ NOBE W RBRIRE, —RBEARERE, EER AW
B, RIERATEOLR, X R/ BB, RAELN 3 o, MEBRELX 2, 5mm &,
Rt A E R F AR, ﬁﬁf“ﬁﬁﬁ?@“eﬁﬁﬁ@o AXEXNTEET K2t

oL AR

1. #BH%5E

A% BV ERE . ﬂﬁ%‘?%&%%ﬁ%%/ﬁﬂﬁmﬁﬁﬁﬁﬁﬁﬁﬁi TERC IS T 20
£ REHE D, BTFRERREQ., ImmpyB @), SRR, kX LEwH, 3
HE&E, ZRYESHRH, lﬁﬁ%ﬁﬁﬁﬁﬁ#&%ﬁﬁ%&;ﬁ%ﬁﬁﬁﬁﬁﬁo EEXE,
% AR R, ﬁAhﬁlﬁim*ﬂﬂﬁsﬁﬂiﬁﬁﬁﬁﬁm’%fﬂf’ﬁﬁo |

EIEIEE%%FP, 5%5‘“%?&&’)@[’]#&%57‘5%%

K 2T, k, aT,
a]; "k133R2 S R J‘1“01 +Qz.;- : (1)

K, FhRi=0, 1, 2, 3, FRNMARLE, RER. FEHHENERZEKE 20T
REH, pHBE, CHEM Q MMANTRFTH RN, QubRMEH, HiLH,

. — oT . — oT
Ql.f}: my Cpg_aTO! Qi. 1= mn Ulcpa a??_l

P, C;

Q2 v=~ M AH/AR

Q:.2=01.3=Q2,0=Q2.2=Q2,3=10
XE, m, AWM HSENBRREE, n, o AE-BRENIIHSKEERSE, C,, %
AR5 | 5 SR SEB EE# mn%}#‘eﬁﬁé, AH, i@ﬁﬁ*ﬁ‘

2, REXRH N
(1) 1&%@5’?7@%3@%, ﬁlwbﬂﬁ%#ﬁ.

_ksaé% IR SR (2)
(2) @IRFHR SR HRIXRE LA

‘k?‘%%;a R= R;,I - hkzaa";;z ReR} 3
(3) Lﬁ%ﬁﬂ% ‘ﬁﬂ%ﬁ}%’ﬂ‘lﬁf-ﬁtﬁ

T |
_kzaaf\’z R-RY = ki g?};l R=R; )

NPT G RMR ITIGTR
(4) RMESHUENFEL, ERER/ BBARMT iR, 3 Tmﬁiﬁ_lnﬁﬁz
REREEE, XRRAETHREE, WEARESRILEORELE: © - RN



oy
‘+mmAHp— kOaRO

R=R}

ATy
kiR

RR

(5) W FR&E
M t=07Ft6, PRIEREZH, W?\TLXJF&%HH&%%MHE&1@?}1‘&’35})?&%2, HRHE

Shiedt. RIENBRRGEBLIILANBBL. Wi FRRAFN:

P.‘CfTW i (q +q.+k; BT "'QI i Q F ' (6)

A AN ARG, HLEEE. ﬁ(ﬁfﬁ{gﬁﬂlﬂﬂ%?ﬁaﬁﬂgmﬁﬁ!ﬁﬁﬂi Y Bartz/A
R, g HBEERR. [ HREEL—NEROEE, EXMET R TEI— AR
REE. MytERET, }Hés B NHRIFVRR, WARFILHAEBMRE: -~

a, YUEEHRBEKRTHRBREE, BIT.<T,, INASVIALFEEME, NEED RN N
Hi=2, ﬁﬁ%ﬁ‘-i@

Q1.2=Q2.2=10

b, YEHR®TARBEE, BRTRARE, W7, <T.<l,, XWHIAHKKE,

AWBENTEERBRERE, Bxi<0o:, RWEDFRNRGI=1, FEXKHEN:

— oT .
Qi 1= m, Olcpy aRls Qz.1=_mplAHp/Ix,l

o, WHBBTRLRE, WT.>T,o XMHMNEESSHRREE JHULRLE,
B R e, SRR N T SRR, B R %7 = 0, R AN,

Ql. 0= -"-"11’ _C-Pa%ggv : Qz. 0= 10
d, BR&ETRLEE, T.>T,., ﬁﬁ{tﬁiﬁﬁﬂﬁﬂiﬁﬁﬁﬁy xo =00, W EBEL Fxt
WA= 0, FEFHH: " ' '
Qi.0=m, —6”%_0_, ' Qz.o=—‘£_(‘)

R th Q% 88 b BB HT £ O, %
Q=Co (Tu0=T.) poge (7

e N HRMEE, HRMmitERE,
BN WA KRG,
T/ic0=T,. (8)
3. FAMIB{LEE
Bx.y X0y 21y 2 BPRME. RILE. RBE. E#“ﬁﬂ%ﬁﬁ( 1) Giin
EBE h—EBRELHNREEE -, HtE '

dx, dxg dx; dx,

& tTar tTar tar =0 (9)




RN, ZERERORTABN B, i Rk A B BRR i, AL TIL RS
(1) HBET.<KWRET, M, 2= 0
(2) HT, ST <BUBET 0, {Bx, < HABIRBHES i,

dx X1 dx, m
_d_tl:f wi(x)dx= - 'dtz—- Pl
[}

PL— P2

w () W SR AL R MRR A, vy 1 20 X X4 M BE R AR LR L RO PR AR,
(3) 4T, >TP0i fEx0<aDBﬂ"
o dxy dxo = dx, po
Car T 0 fﬁia; T T T 5 -pg
R, o 4 X I 4 IR B T R 4R L AR,
(4) MT, >Tpu!- xo*aoﬁlﬁlfz‘v

de dxl

a9 A 0
]
dxx xx-.- il dx? o +h 1
?T:f Plxs g o el
0

K r AR,

4, FEMNERETH

BT RS RERBER T REHBR, HitEhETLE, ﬁﬂ&%ﬁ&, H?ﬁﬁlﬁ%
BAEBR, EYEBRERG I RER, EERERY,

{ b = BB o<t <, i=0,1,2,3 (10)
: - t =t : S
ﬂ#ﬁéﬁéﬁe%%(m BEIFRC TS,

p.C A ke BT 1T ¢ (g, A, 4R

"ot x% 9fz dt d#
. . (11)
B, 10T, .o o

+ d L s .

RTE w Jog T i+ Q,
dR,

R T ]

dR, _dx, dR, _ dx.  dx dR, _ dx,  dxq , dx,
ar  dt ! df df dt dt  ar di dt
dR; _ dx. dx, dx, dx,
adF - ar TTar T a Tar e

' * ~ ]_ aT ' . e 1 aT
Ol.o':mpcgg XD 35:):; ? Q.ll I:mpnlcp’ xl 35.:1




(O ﬁ'p'tﬁHr/I-. t
R, FRE&EHEN.
1) ﬂ"‘ﬁﬁ! 5:. 3= lﬂl)

_ ks T3 =0 (12)
X3 35:, 3
(2) &BRARESFEHEMHENZREL, .. := 08¢, =1,
_ ka 3T3 = _ kz aTZ
X3 agx. 3. ' X2 agx. 2 v (13)
(3) FEHHESRBENZREL, T=T,1, £ 2= 0K 1= 1,
ke 0T, Ry oT, )

. B X3 aé_-x. 2 - x..l agx 1 R
(1) REESREBWOREL, T=T,0 £. 1= 0K 0=1,

ko aTO — Ny .k_'.. oT K
- xo 8§ My fl_Hp— X1 aé.!. 1 (].J)
(5) WILFHBEEA.
a’r k.
[oF C =}l' ! '(q +q, + _x_:_ 3§ ) O’ 2. i (167

I HE (1) ~ (16) BREMKR, E‘Jmﬁi{aﬂrﬁe

REEK, AMSHEETREERAE, DRNMBRENTERES, BXRERE, 2
BERXESR, EHERFLRELH, BNITEHARESR, HERNIEER, HRHS
B REREKEEY, E?g?&ﬂ’%i‘%&&ﬁ’tﬂmﬁ%ﬁ EIH:E%TE#%E PR A RN
.

=, RRBLE

R R HIRRZ AR I18omm, Ais S mmEREHE, R E A% ¥ M, &8
W 14%, EIREE, SERAE, FRBER I nmERaEE, RESEH%4.2MP, R
BEX3160K, TIERHHY 245, BOEMRNHKS— 8 A8, DIRRES/MBEYE AL, 5
KB, MR fi56°, FkM20°, BB 11mm,

Fi 0. tmmry Pt Rho—Pt e, {8 22 50 B85 A RS0 R0 B BE 43 . Bl (R A2 B O
ROt B, ARBEBEME, LHEMARS/ARE 26, BKNRE E 8 mml) ki,
MR A EE NS, OHEBEAARGEE, REBEARN, HEEEHRERP. REBRS
BWKE, FMILALETREMGDE, |

MR RO BT T AR, B SRR TR ERRIE, HRE LT K
BERO I B A A, I AL ANR Y A AR, e BE SR 2 B R R /IR AR B R
Y2.5mm, SALBEEEY 3 mm, REERBREY, SEE/MERABOERE E % 640K,
EERRBEEA1010K,

M, RSB R
B 2 RORUED kB RIRIGA, Smm, BINRIE 4 mmghiR BERARS IR LMl . B



A, HE SRR K. B 3 RRE B BRI R, B ER
st BRE R ERR A lg, MEhiL, TLURERESRERNATBESSRL
ERE (4524 3 mm) MHBMEEE(HX2,.5mm), S5LAKER,

- 012

213

€33
€4)

€5

(63

Ty

1500
1000
500
T (s)
[} 15 20 25
Ee T-tihsg : ' B3 Ttk
T (K>
™
2000f
1000F
0 4 5_5_10121‘41.81820
do | &1 r(mm,

.'1‘,

B4 4= ook BT R A R AL R

2 % x M

kg, SHFE, HOH, KSEETFREANOREAERMETY, SlcERFEEHENETIES,
1988.5H &,y «Fadr Tl k2>, 19894 F 1,

DR, FAS. BRAHEZSMMBEREDLRARETHOERRSITRE, EEEA>, 198845
oM. .

WHE, ABREMERES A SR, ElTRASEm e, 1986,

BANF], EIAR, fERSMAH FTEEKXSRFIE OB ENREHAUR, <EEER>, 19884
Be M.

FIER, R, RLF: ﬂ}t%“ﬁmﬂ#%ﬁfﬁmiﬁﬁ%ﬁﬁﬂ“ﬁﬁﬁ%. ?ﬁﬁﬁﬂﬁﬁﬁ:&%’
RS, 1989.12; F17TEERFEHERE RS, 1990.5.8%,

FEebk, KE, BRIX: lﬁkﬁﬁﬂﬂﬁ%ﬂﬁ%&ﬁﬁﬂﬁﬁ FREZOEIR MR, <
A>», 1986445 6 HH,

EE,  KRRET BRI R T E R, «Iﬁikﬁﬁﬁh 1984455 1 M,



. HHPrmitE N

R
b & b p=1,189
EEEH C,,=1891,4)/kg K,
k¥ AR =8314)/kmol.K, -
MR/ MRS E, BEo(T). FRRBAM, EHCTD T,
p(T)=ps~ (ps-po) +a(T)/41,9
R(T)=ky— (ky—ko) +a(T)/41.9
C(T)=Co~ (Cy-Co) +a(T)/41,9
":'t':hpzs ko, Cz%]ﬁ&éﬁ'ﬁ%s Pos ko, Coj@ﬂ{tﬁﬁg%ﬂiﬁﬁo

P2 =1700kg/cm, po = 1360kg/cm;

ky=1,632 W/m-K ko=2,0923W/m.K

Cs=1740,8kJ/kmol-K Co=1129,8k]/kmol.K
R a(T) 24, o

127°C<T<380°C, a(T)=0,013(T -127)
380°C< T<727C,

a(T)= -3 x107'9T* +5,42x 10" 873
+6,6x10°472-0,45T +82,3



CALCULATION AND MEASUREMENT OF TEMPERATURE

FIELD IN SILICA-PHENOLICS LINING ‘OF DIVERGENT
NOZZLE SECTION

Wang Simin * Zhou Xu He Hongging

(No thwestern Polytechnic University)

Abstract, In this paper,we carry out the numerical calculation on temperature
distribution in silica-phenolics lining of divergent nozzle section using radial tr-
ansient heat-conduction equations in cylindrical coordinates, For the construction
of nozzle, the throat lining is made of graphite; the inner lining of convergent
and divergent sections and the back lining of throat section are all made of si-
lica-phenolics,and the outside layer of nozzle is made of stéel.ln the calculation,
the multi-layer construction of charing layer, pyrolytic layer and origin material
layer formed in ablation of the silica-phenolics, the recession of ablative boun-
dary and the changes of physicdal properties of material with temperature have
been taken into account, Through coordinate transformation, the moving boun-
dary changes into a solid on.e,Mainly, there are two methods for the heat condu-
ction calculation, one is energy balancing method in unit volume and the other
partial differential equations ,An advantage of the later lies ip easy couple of ca-
lculation with the ablation, which is just the cause for us further to study this
method In the paper, the improvements lie in adopting radial transient heat-co-
nduction equations and considering pyrolysis taking place in certain thickness We
also carry out careful tests and measurements The calculation results are in good
agreement with measurements,

Keywords, Rocket engine nozzle, Temperature field, Thermal shield

THE PRIMARY ANALYSIS ON HEAT
TRANSFER AND PRESSURE DROP OF THE THRUST
CHAMBER IN HYDROGEN'-OXYGEN-HYDROCARBON

_TRIPROPELLANT ROCKET ENGINE

Qi Feng -
(The 11th Research Insitilute)

Abstract; The heat transfer analysis on several rocket engines has completed

in this paper It is inevitable for copper-zircopium alloy to be used in hight pre-



