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Abstract The combination of a super-long gravity heat pipe and a heat pump system for harvesting deep geothermal heat has the
advantages of low cost, high efficiency, and no groundwater contamination. Direct heat exchange between the evaporator of the heat pump
system and the condenser of the gravity heat pipe can simplify the heat exchange process and improve the heating efficiency of the system.
Therefore, a U-shaped evaporator-condenser was developed, and its heat transfer performance was studied by building an experimental
platform combining a heat pump and a heat pipe. Notably, the heat transfer coefficient of the U-shaped evaporator-condenser reached
2 037.92 W/(m*+°C) when the working fluid on the heat pump side passed through the tube. Based on the homogeneous flow model, a
one-dimensional steady-state evaporator-condenser heat transfer model was established by integrating the mass, energy, and momentum
conservation equations with empirical formulas for condensation outside the tube and boiling heat transfer inside the tube. Using Python,
the simulation results were compared with experimental data. Notably, the average deviation of the heat transfer in the evaporator-
condenser was 18.91% , confirming the accuracy of the model and providing a theoretical calculation method for designing an efficient
evaporator-condenser.

Keywords direct heat transfer between heat pipe and heat pump; evaporator-condenser; double-side two-phase flow heat transfer; heat

transfer performance
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Fig.1 Experimental system
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Fig.2 The U-shaped structure of the evaporator-condenser
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Fig.3 Arrangement of the evaporator-condenser
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Tab.1 Design specifications and performance parameters

for the evaporator-condenser
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Fig.4 Temperature variation with time at various points

around the evaporator-condenser ( EEV opening is 500)
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Tab.2 System parameters at different flow rates corresponding to different EEV openings when

the evaporator—condenser is vertically arranged
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m?-

100 0.016 7 -17.13 31.04 1151.32 3779. 84 61.35

200 0.017 6 -12.08 31. 46 2 602. 41 3 826. 64 66. 00

300 0.018 0 -9.49 31. 10 2 592. 03 3827.13 68. 83
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1.5.2 BE-REBXKEFE -8

B el e A e A v A T R e 1
RS A s S AT SCEE BN A U BUEE A, T
HNE IR TR S5 1, 28 A~ B o R RE K P A1
AR A WAR AR 2 A7 AR BT 5 J0 kit ]
PAFSFIE O, T B 50 A T3 45 AR, FAE )
TGEFERE , SR O R T e e i, &
FECIH [R]85, TG0 DR 10 3 e [ R4 L

IV 28 e =% Bk e, WIS R (G B
ExHAEEAE) N 16.2 mmx6.5 mm (8 L) 1Y 2 1~
Wk, BEBHME AL 298 0.2 m®, EEV JFE R 100
Bf, 78 Je — Vo Bak o JE] 1] % UG Bt st i) i) 22 s an 1] 5
Jis . WS Al A 528 R -1 BEdy 2 DR AL
() T AR B 43 ) —9. 57 °C FI-10. 43 °C | i %
K-V BEa I B BIREE -12. 57 C PR
JEH-19. 61 °C, 17 i B2 T AR A9 it R T 3 v 4 I8
TSI 23— 1 H I3 B, I ELIRL A A0 B AR 28 k-
PR BE AT A T AR ) AE AR LR A AR R B LA
RE Tt — 2P I B He, HE IR R 25 AT, i s B
PR RE Lot PR EE AR IS L. 81 6 s i il oKk 4
B b A SR E BN (B A2 Ak, R 6 R, ¥ B
PSR R 27. 60 °C |, 25 e Bk i 5 F 4K BT
32.27 C A HE DK 34,21 C L fiEHE F
BIKIRAE R 31,52 C BN R A PERE R 47, 1Y
EEV Z AR JFFEE, 43 50 & EEV 24 100,200,300,
400 B B3RS SR FE AR, O %) 78 K - v Bk A% 1 AL A
REGHATIR, RESENER 3 iR, R 3 a4,
EEV JFEE K IR R GG IR T 00 i K VR B A
AR Z  BERE EEV JFEERRE N, 5T R 7k
N R BB W T, AN 5 25 R - R AR T

a7 T

_10 E
® 12
e _13M

0 l(I)O 2(|)0 3(|)0 4(|)0 S(I)O 6(|)0 7(|)0
IS
B 5 #&x-wERAREARERNERHEL
(fERERL A 0.2 m* ,EEV FE 4 100)
Fig.5 Temperature variation with time at various points
around the evaporator-condenser ( heat transfer area is

approximately 0.2 m*>, EEV opening is 100)
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Tab.3 System parameters at different flow rates corresponding to different EEV openings with a heat transfer

area of approximately 0.2 m*

T ; e A8
EEVIFE TR/ (kg/s)  ZAMRE/C VBl /C HEIEL/W BRI/ W W/ ()
-
100 0.011 8 -12.57 32.19 1525.93 2 650.75 1 278. 86
200 0.0139 -5.52 33.49 1730.12 2 949.07 1 700. 96
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400 0.016 6 3.90 35.07 2 057.49 3335.11 1 877.36
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Fig.7 Temperature variation with time at various points

T

around the evaporator-condenser (heat transfer area is

approximately 0.4 m’, EEV opening is 100)
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Fig.8 Temperature variation with time at various points in

the water supply pipeline ( heat transfer area is

approximately 0.4 m*, EEV opening is 100)

L AERFRBBEE BEV FFEE MRz i, R
A IV 5 78 & — 8 W 10 - YR 25 Bl B EEV F
JE RS N BT ] | I 2% R -V BE A AE T AR 2
HIA A0, N3 T R A % 7843
1.5.3 iRESH

SEREAT T AN A B 7 3OS TR T8 I Y 7%
RV EEAS LI, S B TR S 36 B8 1) P R 1 % 5
BTV B S AT AN 2 B T

1) BIE R G M FH TT-K-30-SLE K % $i Ha {1
Xof Y A T A 0 A E Ry £ 0. 4% , Tl 3R L A A A
WEER 0. 4%,

2) K EEANE T 70 A e A T I N 0
KRN0, 1 °C ,ANHEE R 0. 1%,

3) KA BRI A 3 O R R E, R W E A
0.2%,

4) SIS AL 8 1 AR B K B 2 8 1) AR i
[ 3E AL, (K A B SR A P 5 /K R BRI o St o



Faok F5H
2025 4F 10 A

AR, 5 5 T PVE 5 PO R AR R R BE AR B T S P el it

Vol. 46, No. 5
October, 2025

K4 ERERAHN 0.4 m*> if EEV AEFEMNRETHREZESHE

Tab.4 System parameters at different flow rates corresponding to different EEV openings with a heat transfer

area of approximately 0.4 m’

EEV T T/ (kg/s)  Z&ERiE/C Y BEIRIE/C PAEEPGR/W B EERIVE/W feai
[W/(m®-C) ]
100 0.010 4 -22.17 28.72 1 289.50 2 381.09 1 019.58
200 0.012 1 -15.28 29.39 1 403.75 2 587.52 1526.82
300 0.013 5 -10.19 29. 85 1 495. 90 2 801. 45 1731.18
400 0.013 9 -7.14 29.98 1 589. 86 2 853.25 1 864. 47
500 0.014 5 -5.70 30. 08 1 624.92 2 958.33 1911.25
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