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Nonlinear thermodynamic analysis of water surface — atmosphere during
freeze-up period of the Inner Mongolia reach of the Yellow River

ZHAO Shuixia, CHEN Xiaojun, WANG Wenjun, ZHOU Quancheng, YIN Hang, LI Wei
(Institute of Water Resources for Pastoral Area, Ministry of Water Resources, Hohhot 010020, China)

Abstract: The heat exchange between watersurface and atmosphere determines the change of water tem-
perature in the river,which is the main thermal factor affecting the ice condition and the formation of ice
jams. We compared the performance of two existing nonlinear thermodynamic models and studied the in-
fluencing factors based on the analysis of net solar radiation, effective longwave radiation, evaporation
and heat conduction characteristics in the freeze-up period of the Inner Mongolia reach of the Yellow Riv-
er, China. Results show that the average hourly heat budget at the surface water — atmosphere interface
during the freeze-up period was estimated to be 114.31 W/(m’ + h) and 124.05 W/(m’ + h) by Ash-
ton’ s and Shen & Chiang’ s methods, respectively. Affected by the diurnal alternation of solar shortwave
radiation and the large temperature difference between day and night in the Inner Mongolia, the daily av-
erage heat loss shows a regular changing pattern, which is the heat absorption in water surface is greater
than heat release during the period of 11:00 —15:00, but it is the opposite in the other periods. The con-
tribution of meteorological factors of the total heat loss is as follows : temperature ( T, ) > relative humidity
( RH ) > dew point temperature ( T, ) >wind speed ( V, ) and atmospheric pressure ( P ). The evapo-
ration is more sensitive to the wind speed than heat conduction, but the effect of wind speed on the total

heat loss is not significant. The dual effects of the sudden increase of wind speed and sudden drop of air

75 B #3.2020- 10-05; 1&[6] HHA.2021-01-25

ESW A : [{%K A RBAREE T H (52009084,51669024) s WS¢ H iR X H AABHA L4 1 H (2020BS05038 )
EF B BRI (1992-) , %, WSS SRR ZHT N, Wt TARRII, 322 AR S0 Sl it sl T3 25
BWIAEE : £3CH (1978-) 35, B IR =2 N AL, i G AR, 2 oK Iy 2 Rl i 8l 1 2005



3

BOKEL A BTN SO BEERRIODK I - KRR AR5 131

temperature are the main factors speeding up the heat conduction, resulting in the occurrence of the ex-

treme value of total heat loss. The total heat loss calculated by the two models are inconsistent when the

wind speed is greater than 4 m/s, showing the differences between these two models and the correspond-

ing influencing factors. To summarize, Ashton’s thermodynamic model is more applicable to the study of

the ice density and condition during the freeze-up period of the Inner Mongolia reach of the Yellow River.

Key words: river ice; nonlinear thermodynamic model ; influencing factor; freez-up period; Inner Mon-

golia reach of the Yellow River
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