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Experimental Study of Phase Change Energy Plus Heat
Pump Heating System
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Abstract; In view of the problem that there is no suitable heat source for heating in winter in the moun-
tainous areas of northern China, in this paper, based on the principle of solidification and heat exchange
of water-ice phase change, the latent heat of solidification of water phase change is used as the low-tem-
perature heat source of heat pump unit, and the phase change energy plus heat pump heating system is
designed and developed and experimentally studied. The results show that when the icing thickness rea-
ches 30 mm in the solidification and heat exchange stage of the system, the comprehensive heat transfer
coefficient is 151 W/(m’ - K), and the Coefficient of Performance (COP) is 3. 52. The design cycle
is 4 h and the heat transfer coefficient is 150 W/(m” + K), in order to determine the energy storage
capacity and heat transfer of the U-shaped ice storage tank. The energy consumption of ice melting
accounts for 5. 6%, and the ice melting time is 26 min. The experimental system can meet the heating
needs of a house of 210 m’.

Key words: latent heat of solidification; U-shaped ice storage tank energy storage; low-temperature heat

pump; coefficient of performance; COP
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Fig. 1 Physical diagram of low-temperature heat pump unit

and U-shaped ice storage tank system
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Fig. 2 Structure and physical diagram of U-shaped ice storage tank system
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Fig. 3 Flow chart of the system technology
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Tab.1 Parameters of each measuring instrument
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Tab. 2 Changes in various parameters at different icing thicknesses
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d/mm  2E Ay /Co JEZE A/C AR Qu/kW O E 0 /KW A/C (W - m? - K1) BERKEL COPy, FE COP
0 1.40 4.94 15.73 19. 63 -0.95 873 5.05 5.04
2 1.30 4.86 14. 67 19.22 -1.30 592 4.45 4.39
5 1.26 4.79 14.17 18.94 -1.91 391 3.98 3.98
10 1.21 4.68 13. 64 18.51 -3.02 238 3.78 3.79
15 1.18 4.64 13.26 18.35 -3.64 192 3.63 3.62
20 1.16 4.59 13.05 18.15 -3.89 177 3.57 3.57
25 1.15 4.57 12.96 18.07 -4.15 164 3.58 3.57
30 1.13 4.54 12.65 17.95 ~4. 44 151 3.52 3.48
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Fig. 4 Influence of different icing thicknesses on temperature

and heat transfer coefficient
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under different working conditions
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Fig. 8 Temperature variation diagram of U-shaped ice storage tank system under different working conditions



70 Wodb TR R ol (A R OB 2 R

2024 4F

9 Huvk s

Fig. 9 Physical picture of ice removal

4 Bk SR

ARG IR A 12 kW B EERAE h fl
PRI A K AEER K 2 500 ke, Bl VKFEIR Q,
FLARR A K -4, 4 CINEATHE 2. 5 °C Fr Ak
W Q, PR UKEl b 22 D\ E5 ViR 36 T B B8 i i Q,
PR 4. Rl UK R HC 0.02 mm, 2318 Q, N
14 490 kJ,Q, 1167 kJ, RlvKBEFE N HI T AL
He=0/(Qp +0Q,) x100%, L 4 h H—FFF A
W, BlKFERER R 15 657 kI, Q,, M 266 256 kI, il
VKREFE T L 5. 6% , S THE Bl pK I (]2 21,5 min,
SN A 26 min, SRR R U RS pRORS il AR T VAR
W R IRK A PRI 52 B AL AN 35 A 38 AN ) S 3R 5
T 45 R 2R s ] {75 Al K B[R RE K

5 4ig

1) SE5% R GERE ARG R 1T B B AT, a8
FHZS (BN ST 7K -DKAHAS TR s R, 11
AR L AL DT 1L X FIFES X 300 m® B2
HERE K .

2) KRG AT FFELEAT 4.5 h, WA 25 vk
7E 2~30 mm N, COP 7E 4. 45~3. 52 X[l 2i e
FEEEH 592 W/ (m® - K)FEZ 151 W/ (m* - K),
FH P 5 il 19,22 kW 6% 17.95 kW, U 7
B UK RGeS VKR IR H] 30 mm B, 52 PR i

HH 12,65 kW,

3) ZE ARV WK 3G K 15, 5% , 10 R 4 Bl
V- 35 HL T AR 3. 3% 5 Vo R AR K B0 OR
7. 4% 3 78 5 M P 05 10 K 7. 2% 5 ¥ 8 N 45 4 o
WK 2.4% ; COP ¥ K 6% , 4 PR o 28 ¥ 8 K 1
Wi, X R4 e | COP Y5 I 78 & 3
WHIN

4)YFRGLL 4 h Sy —1E 2 JE Y Rk R A
15 657 kJ, flt UK GE#E 7 LA 5. 6%, fill vk 1) 1]

26 min,
S 30k

[1] MOHAMMAD M H, SEPEHR M, MAJID S. Battery ther-
mal management with thermal energy storage composites
of PCM , metal foam, fin and nanoparticle[ J]. Journal of
Energy Storage, 2020, 28(4): 1-14.

[2] PETER W E, MICHAEL K. From physical properties of
ice slurries to industrial ice slurry applications[ J]. Inter-
national Journal of Refrigeration, 2005, 28(7) : 4-12.

[3] PMEXS, SRR, oA, . FI IV K B [E 4
RAGERE[)]. Bl 2006(7) : 41-44.

(4] SBRIE. $RBUL K EE M AR A BIE 53R E [ D],
MR : BRI Tl K, 2008.

[5] XU, i, SRaete. Yo rKAAE BRI R ot S H:
FEAPERELT]. MR ZETH, 2020, 50(10) : 94-98.

(6] MElE, Rk, Eix . BKHZEREIE RGrtnE
AEE Ve BT[], ABESN D TR, 2023, 38
(3) . 150-157.

(7] VF 8, TREHE, DEHE, & mm R n B U A
BEE A S IR RS TE[T]. MR T
2, 2022, 54(12) . 152-156.

(8] KRR, PMEN. T MUNRT S A - TH0 R 205 5 i1 A 78
Bor e[ 1], KIHRESR, 2009, 30(1) : 75-80.

(9] ReHD7, Rogte, T, 5. WIKAZEPLS 2= IR
TG RGUEAE T O A S REFEM T [ J]. #ARES ) T
2, 2022, 37(3); 168-175.

[10] X/NEE, sk EE, B304, 45 RIHRE/ B 28 UK IR A
FR G UL RGBT 1], KBIRE, 2022 (8)
64-69.

(THESE EAH)



