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ABSTRACT

The paper introduced theoretical model of inner heat source of underground heat
exchanger [irstly, and sel up the heat and mass wansler model of widerground
lemperature feld around the underground heat exchanaer, DilTzrent with iradidonal
model, a number of [clors, such as soil heal and moislure movement and soil
praperly were (aken inlg account in the inner heal source madel. The underground
heat exchanger was regarded as an equivalent inner heat sowrce term in the model and
the numencal simulauon swady on the uwnderpround lemperature Geld around the
underground heatl exchanger was carriad cul in the paper

Firsl, the mfluences of dilTerent sail properly and diflerent operaton mode w the
underpround temperalure feld around sigle borehole heal exchanger was analveed,
then, the paper emphasized the simulation and analyvsis of a group of U-pipe
undergronmd heal exchangers in a real project under two operation modes. One 15
single-scason operation mode, which only exiracted hzal lrom sail in a healing scason
or cmited heat ta sail 0 4 cooling season in one year. The other was the double-season
operalion mode, which extracled heal [rom soil in the healing season and emted heal
o sonl in the coaling season in the same year This provided a new method (o the
simulanon and predicuon of the heat exchange performance, operaion lile ime [or
ihe underground heat exchanger,

Different kinds of undereround heat cxchangors’ experimental systoms wore
eslablished, [or example, single or double U-shape heat exchanger, sandstone or
cement backlills material. and the experimenial study was carried out on the
perlormance ol the smgle borehole heat exchanger under dilTerent sol property,
dullerent backlilled malenal and diflerent operation mode.

A Ground Coupled Heal Pump (GCHP) experimental system with two dilTerent
backlills wnderground heal exchangers with sandstone or cemenl backlills was
eslablished bused on he sinele borehole heal exchanger’s expenmental resulls. To
GCHP system, a Computer Supervisory Control and Data Acquisition (SCADA)
svslem was developed, which could meel the dala-collect and aule-acquisilion on Lhe
GCTIP systom. On this condition, gxperiments on operation performange of the GCTTP
were conducted in winter and summer respectively, emphasized on the GCHP's
performance, underground lemperature Neld and underground thermal regeryoir

A physical & mathematical dynamic simlation model of the GCTTP systom with
a [uzey contmol method was set up. Dillerent [rom tradional sumulaton method of
ghip variely ol diswrbance or startup made, this madel can be used 1o simulate the
GCTIP operation in contimuous disturbance vanation by swuroundings. Tinally, a st of
dvpammue sunulalion programs was made up bused on the Malab/Sunulink. Aod the
gimulation resultg showed goad 111 with ihe experimental results,



An index of cosi ol per heal transferred an depth of bargchole was broughi
forward firstly, which can be uscd to analyze the heat transter porformance and
economics of the underpround heal exchanger comprehensively. The economics,
engray saving and environmental benelil of GSTTP compared wilh the convendicnal
HWVAC svslem was analvzed m the paper

KEY WORDS:  Ground Coupled TTeat Pump, Undergroond heat exchanger,
Imer heal source Dyvnamic simulation, Fuesy control method. Cost ol par heat

lranslerred on depth ol borehole
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