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Abstract: [Objective] To optimize the structure of gas-phase rotary heat exchanger and address low heat transfer efficiency of gas-phase
rotary heat exchanger with single-blade shell-side structure. [ Methods] The performance of three kinds of shell-side heat exchangers is
analyzed by establishing a simplified model and computational fluid dynamics (CFD) method. Taking the shell-side pressure drop and
convective heat transfer coefficient as the test indexes, this study explores the influence of main parameters such as the number of working
circles, blade height, and blade width on the shell-side pressure drop and convective heat transfer coefficient and conducts optimization and
verification. [ Results] The overall performance of the six-blade heat exchanger is better, with the shell-side pressure drop reduced by 7%~
8% and the convective heat transfer coefficient increased by 8%~10%. In the case of 3 working circles, the blade height of 45.05 mm, and
the blade width of 4.79 mm, the minimum shell-side pressure drop of the six-blade heat exchanger is 6.95 kPa, which is 15%~21% lower
than that before optimization. The maximum convective heat transfer coefficient is 183.35 W/(m*+K), which is 10%~12% higher than that
before optimization. The error between the simulated value and the experimental value of shell-side pressure drop is <<6%, and the error
between those of the convective heat transfer coefficient is <<5%. The optimization results are reliable. [ Conclusion] With the optimized
shell-side structure, the gas-phase heat exchanger has good heat transfer performance.
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Figure 1 Whole model of heat exchanger
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Figure 4 Comparison of the velocity in the central section of the shell side with different turbulence models at X=0
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Figure 6 Grid independence test
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Table 3  Test factor coding

i it X, TAEREE X, e /mm X MR 96 2 /mm

1.682 5 70 10
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Table 4 Experimental design and results

i YV ERBRE YR R By
2 i = X M/kPa  (W-m 2K ')
1 —1 —1 —1 7.37 163.51
2 1 —1 —1 7.85 186.51
3 —1 1 —1 8.55 165.52
4 1 1 —1 8.82 186.05
50 —1 —1 1 7.46 143.54
6 1 —1 1 7.83 156.54
7 —1 1 1 8.24 155.57
8 1 1 1 8.14 177.05
9 —1.682 0 0 7.08 158.64
10 1682 0 0 9.22 161.44
11 0 —1.682 0 7.28 173.52
12 0 1.682 0 7.98 177.55
13 0 0 —1.682  7.17 177.34
14 0 0 1.682 837 163.52
15 0 0 0 6.36 181.75
16 0 0 0 6.28 179.25
17 0 0 0 6.96 185.46
18 0 0 0 7.26 187.13
19 0 0 0 7.45 190.13
20 0 0 0 7.23 180.25
21 0 0 0 7.16 176.84
22 0 0 0 7.68 175.73
23 0 0 0 7.08 180.96
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Table 6 Verification test parameter record

FEREA I/ STFEA LR/ e % /kPa XA R E L/ (Weom 2K )
(m+s™") C L R ML R

4 100 7.45 7.95 177.35 169.05

5 100 9.25 9.65 176.57 168.48

6 100 12.35 13.05 174.62 167.58

7 100 14.75 15.55 173.28 165.19

8 100 20.35 21.35 170.52 164.44
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Figure 13 Schematic diagram of gas-phase heat exchanger
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