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Abstract

External reactor vessel cooling (ERVC) is an important strategy for nuclear power plant to achieve
the retention of molten materials in the reactor pressure vessel and limit the leakage of radioactive
materials. A reticular hollow shell structure was prepared on a copper substrate, and critical boiling
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heat transfer experiments were conducted on the downward facing surface of reticular hollow shell
structures in saturated deionized water at atmospheric pressure. The effects of different materials
(copper and stainless-steel) and geometric parameters on boiling performance were conducted on
the surface of reticular hollow shell structure. The research results show that the CHF of the reticu-
lar hollow shell structure surface is significantly increased compared with the smooth surface, with
an CHF increase range of 67.9%~161.7%. With the inclination angle increases, the CHF on the down-
ward facing surface of reticular hollow shell structure increases significantly. Compared with the
copper plain surface, the wall superheat of stainless-steel structure significantly increases, basi-
cally reaching more than 150°C. The reticular hollow shell structure made of copper has better boil-
ing enhancing performance and smaller wall superheat compared to stainless steel structure.
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Figure 1. Diagram of pool boiling heat transfer system
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Figure 2. Schematic diagram of experimental component structure
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Figure 3. Three-dimensional model of a reticular hollow shell structure
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Figure 4. Cross section diagram of reticular hollow shell structure
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Table 1. Geometrical parameter

= 1. LU

No. P1 (mm) W1 (mm) HI (mm) P2 (mm) W2 (mm) H2 (mm) 5
Cu-1 3 2 2 3 2 2 i
Cu-2 4 2 2 4 2 2 il
Cu-3 4 2 2 4 3 2 i
SS-1 3 2 2 3 2 2 W
Ss-2 4 2 2 4 2 2 G
SS-3 4 2 2 4 3 2 AN
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Figure 5. Verification of steady-state heating and transient quenching
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Figure 6. Quenching curve of heating surface under saturated deionized water conditions
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Figure 7. Variation of Cu-1 heat flux with wall superheat
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Figure 8. Variation of Cu-2 heat flux with wall superheat
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Figure 9. Variation of Cu-3 heat flux with wall superheat
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Figure 10. Variation of SS-1 heat flux with wall superheat
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Figure 11. Variation of SS-2 heat flux with wall superheat
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Figure 12. Variation of SS-3 heat flux with wall superheat
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HI (%) SHI(%) (%) S (%)
1593.2@100.0 1410.6@76.9 1385.4@73.7 1536.2@92.6
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Figure 13. Variation of critical heat flux with inclination angle for different surfaces
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