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Optimization of Heat Transfer Performance and Economic Analysis for Phase-
Change Sleeve-Type Ground Heat Exchanger

Ding Shumei Zhu Bairu Wei Erjian

(College of Civil Engineering, Henan University of Industry Technology, Nanyang 473000, China)

Abstract A three-dimensional model of a phase-change sleeve-type ground heat exchanger (PCS-GHE) was developed using COMSOL
to investigate the effects of a low PCM volume fraction in a phase-change sleeve on the heat transfer performance and construction cost
economics. The heat-transfer performance of the PCS-GHE was improved by optimizing the PCM type, volume dosage, and thermal
conductivity. The economic feasibility of construction was evaluated based on an engineering case study. The results show that PCM1,
namely the CA-LA-metal thermal conductivity-enhancing material, exhibited a relatively high heat transfer performance , making it more
suitable as a phase-change interlayer material for the sleeve. At the end of the third day, when the volume dosage of PCM1 increased
from 10. 73% to 30. 60%, the total thermal resistance of the PCS-GHE increased by approximately 19. 5%. The unit heat transfer power
and backfill soil temperature decreased by approximately 20. 3% and 0. 85 “C, respectively. When the thermal conductivity of PCM1 was
increased from 0. 6 to 1. 8 W/(m+K), the thermal resistance of the PCM layer and the total thermal resistance of the PCS-GHE decreased
by approximately 66. 5% and 38. 4%, respectively. The unit heat transfer power increases by approximately 42. 6%. An increase in the
volume dosage of PCM1 led to a higher construction investment for building cooling. In contrast, an increase in PCM thermal conductivity
effectively reduces construction investment. When the PCM thermal conductivity was 1.8 W/(m+K) , the construction cost of the PCS-
GHE achieved the lowest cost, with the PCM cost and construction investment reduced by 26. 3% and 20. 5%, respectively.
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Fig.1 PCS-GHE model and computational domain
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Tab.1 Model and material parameters of PCS-GHE ¥
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AL E A2 /mm 200
AL /m 30.0
H MR /mm 20
A BEJE /mm 2
G FE/mm 70
AT ERIHIE PEAE A B[ W/ (m-K) ] 0.9
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Tab.2 Grid and time-step independence validation of the

GHE numerical model

DR A 50 o F R/ C (EEERS T ARIREE/C
5.4x10* 18.26 0.001 18.53
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6.1x10° 18.62 0.20 18.45
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Tab.3 PCM backfilling GHE test parameters
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Tab.4 Parameters of PCM sleeve”
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I3ER5THE

3.1 R"EPCM &

$E T+ PCM ] FH LR FI GHE (1) e ik BE & GHE
T AW MO Bir . W, 435 38 B PCM1
PCM2 ,PCM3 1E 2 A0 4% 3¢ 22 55464 43 51 73 B T PCM Xf
PCS-GHE (4t 1 fig 52 e, ELAK PCM @ M an & 5 7
o HHE 4 THN, ZE BN IS 17— (R A P, PCM Y4k
5 0] I A S 34 9 B Y SR B A A2 AT B BE T L TR R
W B AR 174 J%1 40 1 25 4K, s GHE 33 47 3 i v 9 4 $4 3y
RELPB AR . B 4(a)d, 553 HR,PCM1,
23RN A FRAAL FAT F 43 31 2 31 65.20. 75.20. 70
W/m. 5 PCM1 A I, PCM2 Fi1 PCM3 X} 17 ) GHE &
I Ay B AR 249 10. 9 W/m F1110. 95 W/m, [ I8 43
Wk 34. 4% F1 34. 6% [ 4(b) Fl(c)H, PCM1 112
TS BEAZ 78 3 T IR A4 | T B i o [k &2, 7 32
13 R Ee R EAHRERE T, 55 3 H ]38 4 04 (3R B
21.96 ‘C;PCM2 7Eiz A7) W RV B i A , 72 1] 19 18]
PRS2 R 5K, 55 3 B Il IR 3 o 23,47 °C;
PCM3 11 g BE 71 7£32 17 R FH 2R 588 90% , I HL7£ 18]
BT 52 AWK 2, 58 3 H [n] R A 0 (R IR N
23.49 ‘C. 5 PCMI1 AL, PCM2 FI PCM3 X i () [ 4
+ S R Ay I £ 1,51 °C(6.9%) Al 1.53 °C
(7.0%) . PCM2 FYAH AR i B 422 30 A 2 HARAR X
% FEia AT o ik . (R, PCM 5
13 IR 2250/, PCM 2 [ AR EL A 31, 5 380

i BERE ) JC T R UG A A, i PCM2 Rl A T AR B
FH o PCM3 1 A 22 T2 A AR DX JR) 448 1, 1 A 4 ik
R BGR % R4 PR AL 3 2 (R 3E A RE R 44, 551
[ A TR PRGN T R AR, 25 B BB A
T PCM WAk 2 F [ SF0RHE B , PCM1 £ PCS-GHE
rh B O Y A AR RE )RR A BERE ), G A
YERHFRAS I 2 AR
3.2 AEIPCM KB EZM

Rt PCM KRB 1 py 34 I, AH7Z [P35 GHE 19 &
Ee S 4 T B GHE MfE #ae y Lk, SR, R A
PCM B2 MU A e &, HAH R 2 — 2k
AT, it AT 400 2% T 10. 73%.20. 16% F
30. 6% PCM A& F45 & 2k 73 B PCS-GHE Y # # 1 fiE
SR ME SR 6 . HES(a) AL K PCM B
I, PCS-GHE 1Y 50 A% £ D) 38 52 B3 i A1 1Y)
B B3 KR, PCM KRB &4 10. 73%.20. 16% .
30. 6% XF Ij (1) B A A% B D) 3 53 501 Ol 31.65.,26. 33,
25.23 W/m, 510. 73% &1, 20. 16% Fi130. 60%
BT YRR AR HIRERZY 5. 32 W/m 1 6. 42
W/m, B4 590 16. 8% F120. 3%, H13% 6 7] %01, B
PCM B &3, PCM J& )2 R FEHE K, PCS-GHE 1Y S #4
FH H1 0.375 m-K/W 1 % 0. 448 m-K/W, 1 I 2 &y
19. 5%, 5 FH BN PCM 8 &= BAR 2 & T %
PAHBE A I, H A I 3G T 4% 1) 4% AR BH, BR ) T 4
A P A 7] PCM e J2 ] Bl A 1) 4% 326, DT 52
SRR 7Y B N

A1 5 (b) AT, B PCM #8384 /i, PCM 2 S B4
AR TR E SRR R, B 1R,
10. 73%.20. 16% F1130. 60% PCM 5 1+ 1 ¥z 1k %43 5]
H7.27% . 21. 11% F1 23.30%; 565 3 K AR 43 5] 4 &
27.22%.39.91% H1 41. 13%., & 5 (¢) it 78 M A [
PCM &8 4 F M BB YR E AR b . Bl 1217 1) [E] Y
B0, TRl SEURE T YA B B St R R T e Ak, B i
(H 6 Z Wi T . 853 KRiF, PCM B &M 10. 73% .
20. 16% .30. 60% XJ I Y 5 e ~F- 24 1 B 43301l 4 21. 96

x5 REPCM#HHE M
Tab.5 Properties of different PCM materials
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SRR AT A HLf/
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PCM1%(CA : LA=66:34+4: J& S HAMR 4K ) 881 2000 0.6 18.4~22.4 138.8 27.1
PCM2"2" (HD: HDPE=7:3+2.5%EG) 980 2200 0.6 18.02~20.02 139.9 487
PCM32)(C17:EG=10:1) 890 2 100 0.6 19.86~26.86 163.15 57.0
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Tab.6 Variation of thermal resistance for PCS-GHE under different PCM volume dosage

propes PCM 2 At Al 47 e
10.73 0.032 15 0.215 0.013 0.115 0.375 57.3
20.16 0.032 23 0.284 0.010 0.092 0.418 67.9
30.60 0.032 30 0.332 0.008 0.076 0.448 74.1
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Tab.7 Variation of thermal resistance per unit length for
PCS-GHE under different PCM thermal conductivities

PCMI-SMERY PCMJZIGH/  MHGH/  PCMEGH  BAFH
[W/(m-K)] (m-K/W)  (m-K/W) (iR iRE%
0.6 0.215 0.375 — —
12 0.108 0.267 49.8 28.8
1.8 0.072 0.231 66.5 38.4
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