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Abstract: The design research of an actively fuel-cooled scramjet combustor based on tradi-
tional analysis methods has poor versatility and a long period. The substructure method was adopt-
ed to establish the fluid solid heat multi field coupling finite element model of the active cooling
channel cell, and the effectiveness of the finite element model was verified by comparing with the
experimental results. The influence of the number of channels on the heat transfer performance
was analyzed when the structure weight and mass flow rate were constant. The super-elliptic func-
tion was used to describe the cross-section shape of the channel, and the Kriging response surface
and multi-objective genetic algorithm were combined to optimize the channel shape to minimize
the average wall temperature, pressure loss and maximum stress. The results showed that:
there was an appropriate number of channels to coordinate the performance indicators; the posi-
tion of the channel did not affect the pressure loss, but the closer channel to the gas wall indicated

the better heat transfer performance; the comprehensive performance of the channel shape close
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to the rectangle was better. Compared with the initial scheme, the average wall temperature and

the maximum temperature were reduced by 4.9% and 7.2%, respectively, while the pressure

loss was reduced by 33.6 kPa (33.4% ). Therefore, the comprehensive performance of the ac-

tive cooling thin-walled structure had been improved significantly.
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Fig.1 Schematic and boundary conditions of the unit cell

structure of cooling channel and the combustor
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Fig.2 Curve of GH3625 performance with temperature
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Fig.3 Thermo-physical property curve of n-dodecane under 7 MPa pressure

f:fé;:ﬁlf

H \/ ﬂq"ff

NS | ‘ L"*
] iy

T S T
SE3R e

- Y

- 1

P4 By 103 T8 AT FROT AR B

Fig.4 Finite element model of single cooling channel

KN EGE R, i 2 R 1002 PG
FEZREE 107 mm if, BT RS 0.15 mm
4R F]0.55 mm B, 75 54T R M Y 32 248 Ar AR
G oL an & 5 7, B T, o0 3l R T Oy
W, T, o0 G540 B e R, Ap Ryl 38 I AR R R
IR AT, hy i 8 <O [ e K 22, T, i JE
SBETH V- SR BE S WA A AR S PR B . K5
/R TN B S ETo) N 2 N R N R 2 S
JUECE Y PO R R T AR A AT, T,

..... T IHREE TR
seeen T —— [ERECECR
600 "=t AT — WIREITECRE _g00 400
500 ’
—4600 .. 4300 <
400 g 1 g
o \ i K
# 300 F 400 ¢ 4200
- 200 \5 | E
- / 4200 — 100
100 F ~5N- T mm e el 1
s T L 10 -0
0.15 0.25 0.35 0.45 0.55
6 RS /mm

5 A BRI BT R X 1155 45 5 ) 52

Fig.5 Influence of finite element size on calculation results
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Fig.6 Influence of initial inflation thickness on calculation results
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Fig.7 Influence of inflation number on calculation results
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Fig.9 Schematic of experimental fuel-cooled panel
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optimization schemes
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Table 2 Four optimization schemes based on Kriging response surface model
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kPa MPa kPa MPa
P ta 454 n=136 1.7 575.8 97.6  675.4 605.9
MY i n=240 1.7 560.2 147.7 683.7 593.2
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Opt3 [0.54,—0.38,2.67]" 1.81 613.6 42.8 771.7 621.5 617.4 42.2 772.4 623.2
Optd [0.48,0.05,5.96]" 1.87 577.4 65.1 758.2 591.5 577.6 64.9 793.1 592.3
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Table 3 Calculation results after radial translation of the cooling channel (¢=1.5 mm)
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Opt3 scheme
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