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Selection of parameters for calculating critical stability
cross-sectional area of air-cushion surge chambers

ZHANG Jian, YU Deshuang, AN Jianfeng
(College of Water Conservancy and Hydropower Engineering , Hohai University, Nanjing 210098 , China)

Abstract; The cross-sectional size of an air-cushion surge chamber is usually determined by the critical stability
cross-sectional area, and the hydrostatic head, the flow through the generating set, and the thermodynamic process
of gas in a surge chamber when there is little perturbation of the water level are three main factors affecting the
critical area. Investigations of the heat conduction process between the gas in the surge chamber and the
surroundings show that the isothermal change (with a polytropic exponent of 1. 0) is most appropriate for simulating
the actual conditions when there is little perturbation. Through mathematical analysis of a formula regarding the
critical area and a case study, it is concluded that using the maximum hydrostatic head during the normal operation
of a hydropower station and the corresponding flow as the calculation conditions can satisfy the fluctuation stability
requirement of the water level in the surge chamber of other operation schemes , which would facilitate the safety of

projects.
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Fig. 2 Dynamic process of gaseous temperature (10% perturbation)
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Table 1 Extreme temperature during ten cycles of dynamic process of gaseous temperature

m=1.4 m=1.2

U]/ PR/ °C A /s WA iR/ C WG i) /s Wi/ C BRI/ WAL/ C
43. 000 22.238 105. 782 18. 387 44.400 21. 241 110. 779 19. 205
181. 822 22.061 249. 087 18. 524 191. 431 21. 117 262.701 19. 337
321.158 21.935 391. 426 18.679 339.776 21. 005 413. 648 19. 434
460. 093 21. 831 532. 564 18. 812 488. 121 20. 909 563.995 19.514
601. 031 21.746 673.702 18.925 636. 866 20. 823 713. 140 19. 588
742. 969 21. 664 814. 439 19.018 785.210 20. 742 861. 885 19. 657
884.507 21.577 954.976 19. 103 935. 357 20. 672 1011.231 19.719
1025. 845 21.491 1096. 314 19. 185 1084. 903 20. 611 1160. 577 19.779
1166. 983 21.407 1237.452 19. 265 1235. 450 20. 555 1310. 523 19. 834
1307. 720 21.324 1378. 589 19. 343 1385. 596 20. 504 1459. 869 19. 882
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Table 2 Critical stability areas under different conditions
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