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Abstract: Heat transfer possibly results in the thermal wrinkling of transpiration cooling platelet of the liquid
rocket engine(LRE) ’s thrust chamber. The rectangular sheet with 3 freely-supported sides and 1 free side is
assumed for the formed platelet. Applying Galerkin’s method, the trial function satisfying the boundary condi-
tions is brought out. Stability in the diffusion flow field of the formed platelet is analytically solved by Galer-
kin’s method when the thermal compressive stress effect on the platelet is not uniform. Taking the thermal
stress in the platelet subjected to linear temperature distribution as an example, the relationship formula be-
tween the width of the transpiration gap and the thickness of the platelet is obtained. In contrast with the ex-

isting method for uniform thermal stress distribution, a more accurate calculation method to avoid thermal
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wrinkling of the platelet is given by the case.
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Typical platelet transpiration cooling LRE and the

Fig. 1

platelet structure
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Fig. 2 Simplification for diffusion flow passage platelet ther-

mal stresses

1 EREMBHRENDFERYERE

TERL T A — A B B AT S . 2
WA T e ShHILHE T 2 BE 1Y) B AR 5 205 TR A
FLRAT W HUA I T A 52 e B S E R A
R REER 2R/, RS 2 AB i1
M DC 3 0K BE A 55 1 B 1A 0 3h X1 A S
JEW M. K 2 s, DC 1ok Z G B, AB
HNEEFIEAD A AHEEH 2 BRI T 55
B A TN S 2 G5 0 2 25 K R A5 A 5 ) A
#Ab AB,AD F1 BC 3 &30 bt m I3 i AE 7
A7 1 AR A L 3 SRR L RENS R R M R
DRIt T i 1 T Al 25 4 b 2 Ak DC S B s
BC,AB,DA 3 ih Jfii il # i — P REHEIE
WM 3Z G DC e & ShAL T AERS = A= 1 e K il
Fh AT, MR8 55 a8 5B Wit VR DA J5 [l 1
BT RKTF vy RE B AT (). HBAK 2
JIE 7R T A 32 I SR AR AE 2 1) B i 52 1 2
A 7 AR T ) W ) AR PN B AR )

0.(y) = Ee(y) = Ea AT (y) [@D)
S E SRR SRR AR s e SR AR s A A
ik # %k

2 Ry R oR E AN AT & R R AT R AR
PRI AR Y A A X AT PO A T B

it~ A o R A
d'w o'w dw __ 0.0s dw (2)
oz 229yt oy W oz’
KW i Eeie, Bl e
- Esi )
1201 D) )
v AR,
IS —il B BRI RR N
2 2
w= O,%—Fvg;g —0 (c=0wr=a) D
2 2
©w=0.29L,99 o (,_0) (5

'w ' w D w D w
-0, 29—y 9@ _
o’ Oy* o’ T+ V) Qxtdy
(y = b) (6)

252 AR K 5] - I ) 1 46 4 i 1 A T
o377 REJE AR FRR o R 0 03 A i oK i
FAAEAGAR R XE . {EL ] 0L < vk oA 2 AT ik A oK
fift o AT SR IA) RBULE AL < i A SR A AR W AR AR o
PER » ZOR PR — A0 il 2 T AR 1 57 2% 1 R e
T30 A 1 T K ek B o R SR A A A i AT
2%« 1 o R 0 X DL A . R SCHR Y A ™
GisuR S S LRGN

o

wlz,y) = ) EA,,,”Y,,,msin”aﬂ (7

m=1 n=1

AL NTFESH

Y, (y) = n;—)ncosh (%)7 m;;:;ysinh <%)+

C, sinh (%ﬁ D"”Z”cosh (%)—% (8)

~ mru{a' +24°0" —a'm’n’ + 2470 m"n’ +
b{—2mn[a" — 2a°0* —b' (v — 2)v] +
2a* 0"y — 20"y — 20" m* 7'y + 0"V + b mP it —
[a' 4+ 2a°0* (1 — 2v) — b' (y— 2)y) |sinh (2mn)}
20 [ 3a” 4+ b* (v — 2) Jycosh(Gmn) — [a* +

C, =

2a*b* (1 — 2y) —b' (v — 2)v]cosh 2mn) +

(4b* — 2b*y — 2a*b* ) mmysinh(Gmw) } (9)

D — 2mm{a' —2a°0"(b—1) +b'" (y—2)v+[a' +
" b{— 2mnla' — 2a°0* —b' (v —2)v] +

2a° 6" (1 — 2y) — b* (y— 2)y]cosh (mn) }sinh? <m7’1>
[a' + 240" (1 — 20) — b' (u— 2)y]sinh(2Zmn) )
aom
AR 58 45 R I K By A B L AT 3k MUt pR 4
IR p A1 g i
Wy, (Tsy) = ZPJ zq:Am,,Y,,,(y)sin<?> (11D

m=1n=1

IR B AL B R AR AT 4
Ao ITRE AR pXq T TEA

(9 o'w '@ | 0.0s W
2 ) =0s O w Y,n .
JoJo <ax4 + ox* 3y’ * dy' - W ax? ) (»

sin(%l)dxdy =0 (m=1,2,.psn=1, 2,,q

(12)

BT RAG T p X g MEEREAL

AnseosAus Ay Ao BN pX g MEER

BOARERIIN Sy 0 MO R EAT N XAl g 0, KA X
AT HN L B AT A5 3 i A S EL



H

S
=
B}

g3

i %28 %

3 EHASHHZREHRB RS

R T BT A AR A SR RSB BR T
T BE 53 A R Z RS Fo A 25 [R) T SCk[2 ] iy a5
S R R ARSI 1Cr18NI9 , #A i ik 5 %k
18X 10 ¢ /K,u=0.25, %2 BErh {4 ¥ 50 %) 7
AViIE 75 TC 3 FE R H B ) 30 3 B € P AR S

T TS R 0 i SR B

(1) P8 T3 ZEmt, nl 15 28 5 — E Wk
T 204 T % 1 BEbe % BE 2 A X e TAR
A B IR A A IR 3 o . FE TAE SRR R a2
PRI T ATsw =675 K, &I H 72
AR TE ATs.c =20 K, MR IE45H 2 M ny $02
TREE S BEHCA TiE AR [ UR B2 6 O 4. 0 mm,
R 2B T8 BUE N 2. 09 mm,

1 200 o I
e SRS *
too | —o— BRI AR /
: S 2
o aeo; : ;
i 1 Z
1 600
ook /
W 400 ///
206 S

&1 3 2 A A WAt 3l A IR 23 A
Fig. 3 Temperature distributions along the platelet diffusion

flow passage
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Relationships between critical thickness of platelet

and a (b=4 mm)
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Fig. 5 Thermal wrinkling of platelet under critical thickness

condition
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