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Finite element analysis of ground source heat pump based
on non-isothermal pipe flow
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Abstract: In view of the engineering technology of the ground source heat pump based on the
non-isothermal pipe flow, finite element method based on flow field and temperature field is
used to simulate it. Firstly, these control equations for the ground source heat pump’s problems are
presented. Then, a related model is established by using finite element software called
COMSOL Multiphysics. And the influence of construction parameters are analyzed. The research

results show that with the increase of buried depth. temperature of water coming from tubes
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increases and the thermal power per linear meter decreases. When distance between the two
pipes gets closer, the thermal resistance gets smaller, which leads to thermal short-circuiting,
affecting the temperature of the inlet pipe. With the increase of the coefficient of thermal
conductivity, the temperature of outlet water decreases while the thermal power per linear
meter increases. When the backfill material’s coefficient of thermal conductivity is less than or
slightly higher than that of rock soil mass, using backfill materials which have high coefficient
of thermal conductivity can greatly improve thermal power per meter. But this effect will slow
down when further improving the backfill material’s coefficient of thermal conductivity.
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< k I k Table 1 Parameters of model
SHE R LA A HfH
K I BE C 35
EEN TS kg/m’ 1 000
TEP T R R W/(m « K) 0.58
‘ 8 21 1 LE 375 1/ (kg « K) 4186.8
T8 W 32 3 i 7R AL m’/s 1.00E—06
7 BE % MR mm 0.001 5
RS IRK W/(m « K) 0.42
| I Ok R ke/m' 1 900
’ Iul S A A5 A R R W/(m « K) 2.2
Bl SEL A ) LL A J/ (kg + K) 836. 8
RO kg/m’ 1 800
B 1R & LR SRR W/(m + K) 1.3
A AOT ) A 1/ (kg « K) 1 000

Fig.1 Diagram of model




%3 3 WA — BT 45 T AR AR L A T AL Bl 19 VR M IR A RIS A 221

2.2 WMRERDFREG
2.2.1 BEA4&

% I8 B M A A B B A PR SE B B0 L SR — R E R 2 m DU BRI TR R Y K T 2 m.
B it i oI 3L 2 O 28 °C

b ARl EE A 00 G (AR A — B I Y 23 A KL AR R AN - BE T 15 m DUR IR BEE E O 18 °C 5 T
FITHH T 15 m &bl B 28 “CH 18 “CHTRE LI,

WA AERIT ST B AL A LT At b PR £ LR B AR T I A o L A 30 S 2 R 28 8k i HZR A
SIW R AEAR IR 5 25 9F 5 70 5-FL T LA HG Al e B2 FLORH B A I S b R 0 T R T 473 8 i 3 B B D ]
SR ISP IEE LU 1.0

. 0.9+
2.2.2 UB% osl

h T RGBS 5 B M A 0,02 0]
/s W 44 A 5V 5 0 A AR AR T S ]
PRSI L K R E M 5 itk FOV IR T oaf

HE S KSR, KRR R A Heat OutFlow i1 5. 03

step 1

K 11 BRI FE Y P (0 R RO SR o]

BI Tsyi+ (T 4 Tsi) = step(0) s Ty A 5 AR T 1 19 ) 46 % 20 40 60 80 100
LR T kK B R L Tl 35°C s step () Sy — P ¥ s

(4 Y R BR R ¢ KT 100 s J5 HAEAE K 150~100 s [ step(2) ERR R N

I B [ 25 A 8 A0 T 2 B Fig.2 Smooth step function

3 HEERSH

5 W) b Y5 RS B BRI R 0 i S RO A IR VR SO RN [l SE R R R PR A
3.1 BEERENTK

A S BORZE W N DL T o HEAE R B FL IR BE & A AR At K R B AR AL A 3 TR .

B4 S 18 d i K LB SR OC R M4k . pa 1B 4 AT LA M o AT 32 I 8 R 084 o i 384 n o A2 B
RGN G K A28 . 40~60 m KR EE FEAIG 1. 00 "CL60~80 m i 7K IR AR 0. 77 °C . Ui W]
B T LR A 3 R 9 40 B AR A R A

M 3351
32 . 33.0f
300 .- 325 —=—18 d i HH /KR RS AR
£ ogE T o 320}
By \
= 26H ﬁ%( 31.5F
% / - z L
_]'\3 24% — FLi&40 mm ¥ 310
i ----?L‘(ﬂEGO mm H 305k
22; <eeo- FLYR80 mm
---- #L¥100 mm 30.0F
20¢ - -+ FLi%120 mm 2951
|8| L L L 1 29.0 1 1 1 1 !
0 100 200 300 400 ’ 40 60 80 100 120
B 1a)/h FLF/m
B3 18 d i LLis AT A ) B R K X 1 B4 HoKiEESHECRE
Fig.3 Comparison of outlet water’s temperature of Fig.4 Relation between water temperature
different buried depths with 18 days continuous running and buried depth
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Fig.5 Heat transfer power of different buried Fig. 6 Heat transfer power changes with
depths changes with time different buried depths
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Fig.7 Influence of different pipe diameters on outlet water’s temperature and heat transfer power
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Fig.8 Influence of different tube distances on outlet water’s temperature and heat transfer power
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Fig. 9 Influence of different thermal conductivity of backfill materials on outlet water’s temperature and heat transfer power
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