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Quasi-2D heat transfer calculation method of

regenerative cooling thrust chamber

WU Youliang, DING Yushuo, LIU Xiao, LIU Yangmin, TIAN Yuan
(Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract In order to improve the calculation accuracy of heat transfer, a general quasi-2D model was
developed to study heat transfer of thrust chamber. This model takes account of the temperature stratifica-
tion effect caused by heat conduction between coolant layers. The convective heat transfer on the gas side
can be calculated by using Bartz equation or solving the governing equations of boundary layers. Then a
quasi-2D heat transfer code was developed based on MATLAB language. Finally, validation of the model
was carried out by comparison with the analysis of a rocket thrust chamber obtained by the code of one-di-
mensional model and CFD solver. The results show that the quasi-2D model can calculate the temperature
stratification in the cooling channels. The calculated values of coolant temperature rise and pressure loss
are in good agreement with the thermal test data, and the error is less than 10 %, which is better than the
one-dimensional heat transfer results, which verifies the effectiveness of the calculation method. In addi-
tion, the heat flux obtained by directly solving the boundary layer governing equation is in good agreement
with the CFD results. Finally, the calculation time of quasi-2D model is shortrt and the efficiency is higher.
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Fig.1 Channel cross-section

L1 BSMER
BEXHIR MR S B, A SCHIESE T PRI
5, — R ESE) Bartz 205X, 5 — Mo HHOR R4
PR T RS B R B
1.1.1 454 Bartz A=,
qp = h (T, - T,) (1)
AP b, R R R T, R Y PVEE
s T, SRR REL
WA RS A FR B Bart" ' S 1 104 P9 52
3 R R A it U B AE DU D RE 3R, BRI
0.2 0.8 0.1 1.8
- ] ()
(2)
AP e, POLLRR (T,) . e TR ; d, Wk
he s il BAT s d TR bE A 2k TSR i BAE 5
(pe) o FIRBEETETT s " SRR ; r,, AMRRAL
WHE SME h AR A

=




68 KoOHE e B 2023 44 A
e o B T2 P A A R B IE R ECR M T3l 5 e o — B 3K DR v 20500 1 i
PR IR T AE 7 R S IR X, Ir DA B L 3

T B 06 a ey -1
0':{[1 8 (1+uMa2) +i] (l+uMa2) }

2(T).. 2 2 2

(3)
s Ma D9S8 i) SR b O LI EL
L2 EHEXMUREES TR

BLLTTRE N
Oy + Ly =0 (4)
ox dy
RN
u o —du _ _dp 1 a7~ ou 7
puax+pvay— dx+r“vay[r (,uay—puv)]
(5)
RER RN
u oH + Tﬁ -1 X
p P) P dy N
(6)

K :p AL su AR ;v WY B r i
MR H o SRS T IR s p FETT 50 BN T
R e, Mg R HRES s BAR“—" A @115 Bis
“U R P B s N ORI SR AR AL, N =0 B R 4k
Wsh,N =1 B XS FRIL 8 o

FEXT LR B E Y 7 B AT AR AR bR R S
fii A BR 22 3 J7 5K i, I 58 B TDK ( Z4E 4k 2 J
N ) BT O ko HAARCSK A i R AT 35 3
HR17-18 ], M A 4s TDK B2 K A8 S0 B2
RIS , B R AN [ E B R A5 1T 1 RO
VT 1) A B A A BT — AR B A
HER . TEARPIT R, 35k PR % B 3R AE
N 3 B e A ) 7 AR AR T SN TR B AN
] BETR T A 3T
1.2 2 EDFIMmfE

P TN 25 e A ORI JEE 482 Y 5 e, L T T
Bl FIBE I A S E E AL, . TR HE E N
A s Y, Horh i A3l 7 R LA — 4RI X
FEAR 1T X FR 0 #R ¥ H G T AR AR )
7 A N IR A )R IS, TR I R i O R LA
) AR 1) e 20 R . T 2038 18 P 1A% 3R
RS — 4R — B XA, I AR TR N 1 — 4
f AR

T (o D5 180) AR Cy T 1)) ATl ¥ 0500 4 2k
SR E S BRI ) AR AR

p=plx),T="T(x,y) ,u=ulx,y)
Horp s B v RN
u(x,y) = uy, (2)F(y) (7)

KA wy, (o) FER 38 T8 H [A) A0 B 5 B VR il ) 0 A
F(y) Fom s E 5 m eIk .
R — 4 o 5 <7 1E S R
m = ﬂpudA (8)
AJAS 2 [R5 e

m 9
[ hC)px,) F(3)b(x,y)dy

AR b A b 531 g v 403 T ) g BEE I S o

Upp, ( x) =

i 6 27
Foy =2 = -Za -2 a- 2T

(10)
AU B O BE AR RI FR A s n o 5 v RO R 18
IERE WA E NP RN 2 FR .

(:»x/l Tq((y+dy)

f T
1
d yI q, _I,_"/L . ____§7 q.

B2 BENRRERTEE

Fig.2 Heat fluxes in a slice of cooling channel
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Fig.4 Variations of wall heat flux

T IR 5 22 S ) BRI R =4 CFD
TDK 525 1 1 it Uit A0 B T2 A 52 ), RE S 5 A
B S BE TR BB R, I HLAE T SR S o
BETHT PR T 5852 W 5K ) 8 B R 86 BE I, CFD 5
TDK &7 B T W B BBk  9 22 0, T EL 2%
NN EIEM I 28 A R R UHEE SR
NASA L 8% fii il TDK #45 RTE ZE47HE Ty = 15 #t
B HAROH R A R B 5 % CFD TR RY) &
ek, FLVFE I 1) Rl o NASA [ H5J7 ik
5 1] AV P ) — R i A AR P O AR o IX 1]
BRI TR AR G R BRS 1r 2= A oR
fpimAE A A IR B 2T A2 3
] 75 B SR A AR U PRI 3 % T v TR
AR TONAE P TR BE AR R AR W 2 o

PS5 Shy V& 030 T8 HA ¥ 20500 - 2 3L E T AR A0 A
TEA R IE T, e JFR R EE 3 O 35 K, 1
VBl A rp P S8 N T R A A T
A2 AR BRI R W, A IR L X e, >R
Bartz /3 A — 4 FE A FR 32 5345 v8 400500 it 32 i
fe o FEMES LAY DX, T PR X BN, v A
TR RS (HB IR TS5 TDK_2D B4, A



KA S, 5 PRV TIHE T A E ARG P 71

49 E FH2 M
RIET LR 2,
- 40.5
140 —=— CFD_3D
120
——TDpK_2p 104
100+ —v— B'dl"lZ_ZD
9 — AR 0.3
¥ ool £
= 80 B
10.2
60}
2ok 10.1
20 1 1 1 1 1 1 00
~0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

x/m

BS REFEERHESH

Fig.5 Variations of coolant temperature

R2 FRFHETHEER

Tab.2 Comparison of calculation results

28 CFD_3D 1D  TDK_2D Bariz_2D #4z
ik MPa 2.80  2.71 2.9 3.0 3.3
WA EIR /%  12.4  17.9  12.1 9.0 -
HEFF/K 84.7 76.8  79.5 77.6  86.1
EFTARE/% 1.60  10.8 7.6 9.8 -
RRBEMIREE/K 770 748.4  822.0  738.2 -

2 HL2
BRI 81.68 69.22 79.4 7.4 -
(MW - m™")
K 530d  5s  400s  180s -

P 6 SR HIHE — AL AR AR T3 (0 v 20700
SYEAE O, TR A v v A AR 1 R O T
18 JZHATE, 55 | JZEEUTINEE 25 18 JRAEIT A EE,

— 2 —H2E —H3E 43

2401 — 4352 — )2 — 72 — 82
220r — 9 10z —H11)z
200t — 122 —H13E — 142
180| — 152 — 162
160| — 172 —18)2
% 140|
=120
100[
80[
60[
401

20 1 1 1 —==SNN
-0.4 -03 -0.2 -0.1 0.0 0.1 0.2 0.3

x/m

B6 XREFSERERERMEDH

Fig.6 Streamwise variations of coolant temperature

between different layers

LU BV A R AR 1) b A A B A I R Sy

RIS S PN RE Y ¥ H AR B d R, AR T
233 K, §E 5 Ah BE 09 ¥ 2 50 B B/, E AR SR
76 K PRty H 550 (0 A 2P 7 [R) i 1 AT L
WAFHERE K2 S, AR SCHE T80 A2 b P42 98 Nist
SRAGRR)ZRHFN R 2V T, B T AN 51 Pk
G X e R 52 0

& 7 Sk =4 CFD F1 TDK_2D 1% % ) 1 4%
B HIFVIREE 43 A0 2 V], = ST A0 R 43 2 B
i, BRI AT Ik 350 K

R E/K
220
/K
200 350
323
-180 205
268
-160 240
i
B
120 103
76
100
80 H
(a) TDK_2D (b) CFD_3D

E7 RAFNEOEBEESS

Fig.7 Distribution of outlet temperature of coolant

P8 S ¥ J0FH - 249 e g 4 Al 1) AT 5 D, 2% ol
AR R EAER 2 e . RS RY R
ARk, VAR A SR R AE AN R B OBk o PR Rl
I B R A AR S AR e A= AR A, v 100 B U 53RN A
A RO T R T BRI SR TR %, v AR Y
AN

16.5r 10.5
e —— CFD_3D
o b 10.4
15.5+F +TDK_2D
—— Bartz_2D
S 5.0 — A 10.3
Z 14.5} =
& 10.2
14.0F
13.5}F 10.1
13.01
. . . . . . 0.0
-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

x/m

B8 XRHFEHGHESTH

Fig.8 Variations of coolant pressure

K19 Sy CFD B8 45 BE i B 73 A 2= 141, [ 10



72 KoOHE e B

2023 44 A

RN RE T I BV R A A o 45 R T VA TS B i
RABERAER 2 h i B RIREE il 7E - 0. 03 .0,
-0.07,-0.07 m &b B, B E AT LLE H,
TDK _2D A1 = 4315545 2] 11 BE T il £ 75 0 LA 5 4
AT, WESS ARG TDK_2D 144 BE R R & o — 2
Bartz_2D 18 RE TR i 2k A Ak 34 — 50, (H 2
FIRIRE B DR L 43 2 5% i B O 3 LR RE IR HE
KR R 43 2 50 K 2247,

iR E/K

O
(=)
7

9 SERZH#HELER
Fig.9 Distribution of gas wall temperature for CFD_3D

900 10.5
800
10.4
700
600 I 10.3
S £
=500t =
~ 02 =
400 17
300 -
—— Bartz_2D 40.1
2001 — Py Y TH
100 L L L 1 L 1 10.0
-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

x/m

10 SERARGEITEER
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