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Thermal Optimization for Regenerative-Cooled Channel
Dimension Based on Response Surface Methodology
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Abstract: To lower the wall temperature of liquid rocket thruster chamber and reduce the cooling channel
pressure loss, the optimization design was carried out for the parameters of the regenerative—cooled channel. The
height, width, channel number of the regenerative—cooled channel and the inner wall thickness of the thrust
chamber were determined as design variables; the average and the highest wall temperature of thruster chamber
and the coolant pressure loss were chosen as objective functions; Box—Behnken design was adopted to get sample
points that can be used to establish regenerative cooling channel model and then the objective function of the sec-
ond order response surface of design variable was obtained by analyzing heat transfer program and making various
schemes. The optimal results were calculated by gradient projection method, active set method and genetic algo-
rithm. Meanwhile, the model accuracy was improved by using stepwise regression and renewing sample points at
each step optimization. Calculation results show that the response surface model established in this paper precise-
ly reflect the relationship between design variables and objective functions at lower calculation cost; there are a
best aspect ratio and the number of channel that can make the optimal heat transfer characteristics in cooling
channel. For two different kinds of design schemes, the objective function values at most can be reduced by
13.5% and 23.5% as compared with the initial design; the values of objective functions calculated by genetic algo-
rithm are lower than those of gradient projection method and active set method.
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Fig.1 Schematics of regenerative cooling thrust chamber and the structure of cooling channel
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Fig.2 Comparison of simulation results with paper”
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Table 1 Range of design variable values and initial values

Minimum Maximum Initial values
a/mm 1 2 1.5
h/mm 6 16 11
n 250 400 325
t/mm 0.5 2 1.25
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Fig. 3 Renewing program of response surface model

Table 2 Box-Behnken experiment scheme and calculation results

NO. a/mm h/mm n t/mm TJ\/K Tnm.\/K Ap/MPa
1 1.5 11 325 1.25 525.617 747.656 1.146
2 1.5 16 400 1.25 587.211 850.134 0.368
3 1 11 400 1.25 480.717 684.182 2.537
4 1.5 16 250 1.25 569.084 801.191 0.883
5 1 16 325 1.25 517.568 729.724 1.791
6 1.5 16 325 2 644.115 920.318 0.534
7 1.5 6 250 1.25 454.697 641.187 6.514
8 1 11 325 0.5 397.025 548.218 3.797
9 2 11 325 2 641.541 931.196 0.493
10 1 11 250 1.25 477.883 672.249 6.068
11 1 11 325 2 553.568 791.834 3.669
12 2 11 400 1.25 599.837 920.656 0.338
13 1.5 11 325 1.25 525.855 748.703 1.146
14 2 6 325 1.25 490.669 709.670 1.802
15 1.5 11 325 1.25 526.159 749.813 1.146
16 1.5 6 400 1.25 464.337 669.867 2.713
17 1.5 11 250 2 592.184 840.528 1.837
18 2 11 325 0.5 499.348 720.582 0.508
19 1.5 11 400 2 606.344 879.504 0.766
20 2 11 250 1.25 558.731 792.035 0.817
21 1.5 16 325 0.5 501.647 705.397 0.551
22 1.5 11 250 0.5 442.790 612.821 1.899
23 1.5 11 400 0.5 458.558 656.877 0.791
24 1.5 6 325 2 534.246 767.792 3.929
25 2 16 325 1.25 629.804 904.139 0.233
26 1.5 6 325 0.5 375.349 521.642 4.071
27 1 6 325 1.25 424.761 601.295 8.556
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Table 3 Weight coefficient of different plans
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Table S Comparison of design variables before and after optimization
Parameters a/mm h/mm t/mm n Aspect ratio

Original 1.5000 11.0000 1.2500 325 7.3333
GPM 1.8270 12.0284 0.5000 338 6.5836
Plan 1 ACM 1.6987 13.2591 0.5000 348 7.8054
GA 1.6578 13.2143 0.5000 360 7.9709
GPM 1.8850 13.0659 0.5000 330 6.9315
Plan 2 ACM 1.8683 14.2020 0.5000 343 7.6015
GA 1.8676 14.2992 0.5000 342 7.6564
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