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Fig. 1 Sketch of experimental platform
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Table 1 State and model values of Markov
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Fig.2  Grey-Markov model results
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Table 2 Grey-Markov model parameters

KAV lem a u FEME bR
0 0.00699 834042  3.26x10™" 0.174
5 0.00365 8.11636  -2.61x10™  0.054
30 0.00067 725378  -1.26x107  0.043
55 0.00132 536795  —7.05x10”  0.059
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Fig. 3 Deviations comparison
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STUDY OF TEMPERATURE CHANGING AROUND GROUND HEAT
EXCHANGER BASED ON GREY-MARKOV MODEL

Niu Kai, Jin Hua, Guo Yi
(College of Water Resources Science and Engineering , Taiyuan University of Technology , Taiyuan 030024, China)

Abstract: Understanding the variation of temperature around ground heat exchanger is vital for the development of
shallow geothermal energy as well as the designment of ground source heat pump system. Based on the Grey-Markov
model, the trend and randomness of laboratory data obtained under different heat sources, environmental temperatures
and seepage conditions were analyzed. The results demonstrate that both trend and randomness exist in the temperature
changing and the randomness can’t be neglected. The trend of temperature changing can be analyzed by the GM (1, 1)
Grey-Model, in which the deviation is in negative correlation to the seepage velocity and the time. The randomness of
temperature changing can be analyzed by the Markov model and the random variable is in negative correlation to seepage
velocity. The larger the seepage velocity is, the more uniform the distribution between random states is.

Keywords: Markov processes; ground source heat pump(GSHP) ; seepage; gray model



