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Experimental analysis of ground tube heat exchanger with
shape-stabilize phase change material backfill
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Abstract: To investigate the heat transfer characteristics of a ground heat exchanger(GHE) with shape-stabilized
phase change material(SSPCM) backfill, a 30 W cylindrical heating rod was used as a linear heat source in place
of the GHE. Expanded graphite adsorbed paraffin was used to create SSPCM, which was then mixed with
ordinary backfill sand at a mass ratio of 3:7 to prepare a mixed backfill material. The heat transfer characteristics
of the SSPCM mixed backfill material were studied under intermittent operation during summer. The research
results indicate that the temperature field formed by the SSPCM mixed backfill material had obvious advantages,
with smaller temperature fluctuations. In short-term operation modes, the excess temperature difference near the

pipe wall could reach about 10 °C when compared with ordinary sand backfill. The effect of alleviating
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temperature fluctuations became more prominent as the distance from the heating center decreased. There were no
significant differences in stable temperature and recovery time after recovery under the two backfill conditions.
During intermittent and multi-cycle operation, the temperature in the backfill area was lower than in continuous
operation. If the temperature rise caused by running time exceeded the latent heat utilization stage of phase change
materials, SSPCM could not fully utilize the advantages of phase change energy storage. These experimental
results hold valuable insights for the practical application of SSPCM.

Keywords: ground heat exchanger; shape stabilize phase change materials; temperature field; experimental

analysis
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Fig.1 Experimental system diagram and system principle diagram
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Fig.2 Actual distribution and schematic diagram of thermocouple

1.2 #EHERSH &
1.2.1 H#Hst i
AHAS 4 el T G54 R AL AN 7], 25 3R B A TR 0 0 AP I, A6 N () 3 6 5 22 4 % ol FH 3 5 3 BBOAS [ 19
FHAR AR A D) b SR AS 40 A5 e PR A S IR S 25 TR E AR A AR AR5 B0 R B0, A AR 0 ORI L B RN
S S R 3 bn o BRARUNG B0 T, 38 U AR AR BEOREI A A 38 YA A IR R B L B R AR A, (1
SEBRAG OL T, AR ] B R X S A5 1, BB TR B A R A R T R T L B R U AT R R I A R
HEBCHD XCHL R 100 m AR P2 B 19.6 °CM FE AR MF T, B ZRas A7 i AT AR Sy [BLIER OB PCM AR S
T BE AE 20~30 °C Y38 Bl P o kT 0 4% A, 59 300 38 BB 3 A 728 b ) DA SR [ 11 9 1 ) 380 9% 0 s, 2 b b ek A A2



#1240 Bl H,FRBAATMA @ T e e R n 8 Lk 109

TFE R 22 °C , £5 4 5 PE b X S bR az 17 A9 i BE S L, [0 AF 32 R Rk A 28 T BRI L A2 8 K, 43301 R 200 kI /kg Al
2400 J/kg.
1.2.2 #M#t# &L

F T A W Sy A AR e R AR RS 258 AR LA )2 T e A T A SR AT R K A R 2 LR A5
R W B A W E R R SR PR TS g o [R) I IR A s R T A S A T (R R R R B, A v A R AR
RO SCE T A SR AK S 80 H B K 7 200~300, 411 99% , il £ i T AH AR A4 Ak aok B v T A4 A8 15 A
TR

F1 #HIESSPCMTANEZILS
Table 1 Equipment used for preparing SSPCM
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Fig.3 Sample diagram of SSPCM B4 ERAZMHDSCNEE
Fig. 4 DSC curves of SSPCM
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Table 2 Material properties.
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Table 3 Operating mode
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Fig. 5 Temperature variations inside backfill area
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Fig. 6 Excess temperature change outside backfill area
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Fig.7 Temperature variation of at 7=0.03 m different operation modes

] s, ] LB S DB R IR T B R N T C X FE 15~25 hih R BLAS O B B o ik = PR Ol 7E I X ]
W, Ciz AT BT 1 h KA i ] © 28 JC 7k fff SSPCM K &2 21 AR A8 It B2 LA R MR8 ARIR S , SSPCM Bk 8 2 &
FE AR BE AR , K30 o i L R A B A A7, DS 10T Ho g st oy 12, x5 C B iR K
[ 8 . PRI, SSPCM A5 & W8 (14 ik 2 1) ], DA T 4 E S T AH A8 b4 R BE IO A 218 F o BT LA, DB SR R TH 8%
AN AT DL iR T CARE A S ARIUCR o i DAg A7 A T I A R AR Ak wT LAHE DN | B % A5 AT R 4k kAT, 2
h & & Bsf ] 4 2 ffi SSPCM L & TG vk % B AR A8 iR LUK, Eit, SSPCM KN RE & FEAG RERICR . s 2 SSPCM
PR 52 A0 722 6 BRSO I A5 S R S ) ) o 7 S PR TR vh, An I 2 R Ml A A S5 Dy MUY 1 52 4T — [a] B
WA R F 2 8 A A MR M BEMK B . RS R AF o b T o R G AT e IS AT SR R AR b R R
(FHAR IR (LIS R A ) A AV O SF R R AT 45 B .

3 &

SCrpE A ST b A AR SC I 1, A AT T SE DT A S 56 R T AH AR MR SSPCM) TR A Il
RS AR B T RS AT AR SR A IR A O AR SR S R T A B LU R

1) i I SSPCM VR & 3838 1] 170 F 47 1420, w) B Jp ol 8 b 20 A5 460 T 2% S 161 9 B BRUI 00, AR IR 40 A 28
JE L [l 3 A4 Ak 3R B U By o 7E SO SR ISR A B R TR A T B B R AP0 0.01 m Ak I A AR
10 °CZ:47,0.03 m A K 6 °CZE47,0.05 m MK 5 °C A A, AT 5 KR i 12 sy b ML A5 46 #0025

2)FE SIS ST L B B R o BE S SSPCM YR G [al SEL 2 R B U 3l i 380U R k2% o B SSPCM Rl SE 7
TE—AA B AR 78 TR b 75 Al 52 B b 33458 3 RS R A7 6 X0k 2% 1 [T JEORA R 1) [l JE 428

3 S TS AT R F M, SSPCM UL B I JE TR, © & Tk R R RE UL 3. i [H] 8kE 17 A]
DL IF K 52 SSPCM P il {off by 391 725 460 A4 25 25 K Bof ] £ 415 A ok PO 25, DR 4 b UL A R G 30 o I 38 AT 300
SRR FH B B 2% B SSPCM Wk 52 17 15 o % 45 LI (A1 3, 33 6 R SSPCME [T i Y 44 3 1 40 ABOR AT
KAEER -

4)7E DA ) BB 7 2252 4R F , SSPCM A1 3 X3 473 A% 45 A5 — 2 (0 #AG M B, 7 IR A2 A I i T 398 X 3 7L
JE A 5 T SSPCM A 7% T B2 3 B i, SSPCM [ 3E 33l N B A& 4% Hh AH 25 fiff B (19 &R, HURB A R A 8 K 3 R B0RN
Fb R B 3 58 LA R . AR S AR R T, 0 2 5 SR AR B e R LGS AT RN AR AR BB RE A 2 T T R R
LA



# 12 M Bl R, FRBAEHA @A T 6L B A S 113

2% Uk

[1]
(2]

[4]

Han C J, Yu X. Sensitivity analysis of a vertical geothermal heat pump system[J]. Applied Energy, 2016, 170: 148-160.

W TLUE, NG R , SR AR AR AR ] UM S $6 PR A B RE AL AR TR [0]. Al T AR 2441, 2014, 30(24): 193-199.

Yang W B, Sun L L, Wu X. Energy storage and heat transfer characteristics of ground heat exchanger with phase change
backfill materials[J]. Transactions of the Chinese Society of Agricultural Engineering, 2014, 30(24): 193-199.(in Chinese)
SRR A AZ PR IR R R T AT PR 43 T [D]. R KHER, 2008.

Wu Y C. Feasibility analysis of ground source heat pump backfilled with phase change materials[D]. Tianjin: Tianjin
University, 2008. (in Chinese)

Yang W B, Xu R, Yang B B, et al. Experimental and numerical investigations on the thermal performance of a borehole ground
heat exchanger with PCM backfill[J]. Energy, 2019, 174: 216-235.

T, Wby, R H O, 45 5 ZE B OGS AT OO0 A AR I EE XA AR ] b 35 0 P 2% 1 M BE 09 52 [J]. K BH BB A= i,
2020, 41(3): 234-241.

Wang C, Cao X L, Yuan Y P, et al. Study on thermal performance of ground heat exchanger backfilled with phase change
material under intermittent operation in summer[J]. Acta Energiae Solaris Sinica, 2020, 41(3): 234-241.(in Chinese)

ZEIR T AR ADRE I A 3 A (0 f R EERT T (D). B RAE K, 2014,

Li Q Y. Study on heat transfer characteristics of buried pipes backfilled with phase change materials[D]. Shanghai: Donghua
University, 2014. (in Chinese)

Li X L, Tong C, Duanmu L, et al. Study of a U-tube heat exchanger using a shape-stabilized phase change backfill material[J].
Science and Technology for the Built Environment, 2017, 23(3): 430-440.

Zhao W F, Hu Z T, He W, et al. Intermittent mode analysis of a borehole ground heat exchanger with novel phase change
backfill materials[J]. Applied Thermal Engineering, 2021, 189: 116716.

Bottarelli M, Bortoloni M, Su Y H, et al. Numerical analysis of a novel ground heat exchanger coupled with phase change
materials[J]. Applied Thermal Engineering, 2015, 88: 369-375.

AU . Pl Xl PR AR R G A7 R M U S AU (D], J P HEROR A, 2016.

Zhao S L. Monitoring and simulation of operation characteristics of ground source heat pump system in Chongqing[D].
Chonggqing: Chongqing University, 2016. (in Chinese)

Ma Y, Tao Y, Shi L, et al. Investigations on the thermal performance of a novel thermal energy storage unit for poor solar
conditions[J]. Renewable Energy, 2021, 180: 166-177.

AR WY R K AT B/ 55 T AR A il b ) T S HEPERE DR ST (D). 1 5 1 A0 23 UL R R, 2019.

Ren X M. Preparation and properties of expanded graphite/paraffin shape-stabilized phase change thermal storage materials[D].

Nanjing: Nanjing University of Aeronautics and Astronautics, 2019. (in Chinese)

(¥ HB%E)



