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Abstract

Based on Fluent fluid dynamics simulation software, three types of flow channel cells, namely,
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serpentine, rectangular and hexagonal, were numerically simulated, and the temperature and
pressure field distributions of the corresponding flow channel cells were obtained. The simulation
results indicate that the hexagonal flow channel owns better Heat transfer property, smaller flow
pressure loss and more uniform temperature distribution than the rectangular flow channel and
the traditional serpentine flow channel, and the use of this structure can reduce the average tem-
perature of the collector/evaporator surface. In addition to using numerical simulation methods,
the study of collector/evaporator flow channel structures needs to be viewed in conjunction with
experiments. In this paper, the control variable method is used to test and analyze the actual per-
formance of the heat pump system under different flow channel structures. The experimental re-
sults show that the collector/evaporator with hexagonal flow channel structure can effectively
improve the system’s heating COP and collector efficiency by 6.1%, 16.4% and 7.4%, 20.6%, re-
spectively, compared with the two flow channel structures of rectangle and serpentine. In general
terms, the hexagonal flow channel structure is the prime structure, and this study can provide a
reference for the structure optimization of the collector/evaporator.

Keywords

Numerical Simulation, Collector/Evaporator, Flow Channel Structure, Heating COP, Heat Collection
Efficiency

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

BEE A BRAEIR R TR R AR LTS F i &5 — R 50 SO A A R R T, RT3 BE DR A ) AN
RERCARI A D SOV EZWGE . H AT, ARE, SCRFHISATHrBRERER S 4 [ A IR S AR R 20%
PAE[L], SRl By SEBA L 2] RRE R R B B A SE R R 2 — o R FHAEAE D ER 7] BT A 8%
KGR REUR, AR FREAT LN B R e Re[2] -

N T REFRAR SRR, ST RGUMERE, PRIEAE RGEARMIAEIRA TRt Hok, T BhE Ay
KFHREAA A 5 2 TR A ILES & AL — A B S IR AR I 7 JORSEIL[3]. Z ARG E 2 NFE
B AMER PR METARERARGORU, BERAREAMELSENEE, MG, 2RER, mH
fem T AR ARG BMBITIERE, A TROEFNITIE. BG40 IR B UK EE - 2%
IRREBOKRGEEAT T #1500, IRIED TR EZRERG T, KHGEHUK T REHBIR
SRR, B L #AT G B R RR S I R SUs TR, B RIRIBOK T RSP
COP #J¢£ 3.1 LA L, JFHKFIREHIK T R GE AT LLEHE MK B AL SR 75 RE . [ T [ 5155 X0 P dig Hh FrO T
RIRFHEE - 2 OURIR B IR RGBT MR REREAT 1 SEIRMT 7T, S R R 2K AR S s T il
RGN COP 2 iZ# LTt MR MRS RR A 2B T H=INIABRET =i, BR T &
GRS TS, HR=FHEIM ETHES. AN, BRI RGN LT H AR SRR K oK 81
=, BRI asE.

TENEAE & PP RGBT, RS RERE I R R & ™ LR R G 21T
R, AT 6 N5 SR 28 A A5 G5 R A SO AT T o FE4R R AR I8 A 3 K BH REF T R I [RI I, R AT g
b BEARA R T AE AT CRALE AL 1) o b3 T2 ARG RTAT B St R [6] o MFNSRMVAR RSN E B, OfF

DOI: 10.12677/mos.2024.133190 2070 e RSE TR


https://doi.org/10.12677/mos.2024.133190
http://creativecommons.org/licenses/by/4.0/

LIPS

IRZ E IS PAR AT T TE T o USRI 7] 55 R AR S B R A5 K B SR S IR AR R 4t
BEAT RIS, S5 RABUAERT RABHREAE T, SRR ST COP 2y T8 — . 1R [ Se[8] 5%
G RIRIATE R G IR e P QAR R AR I R a8 AT B A A, DU A REEAT 704, AAUL
REI LR R AL AT LS RGBT, A BT R 2R GG i 2 il B2 2R I AR G ok . Ma[9]
SEFIAT Fluent BAFWEFE 7 ARERR s MR CLRE R TIPSR R A i Re, (i H A SRR
B2 23 mm. e 45 mm. IR 4 mm R RR ) TE R B i

ARSI R W 2T AR G 3828 e st P A SE0Rs et 2 B AL BN Al 42— SRR 1T, AR5 5 55— B
ARUENH R BT R &, el i e IR BRI BT T B [10], B SR i . AR . 1817 %
Efa s SRl ASCEE N A WAR PR AV R A B AR & IR R ST SR 7T, A&
XA FITEAR BRI P AR G A28 B 4 B S5 # TR B A% IR P BEAT UL 0 A, DARE DAL BRI 254,
M A BRI ZE R AR BT AL B A B RGR R AR B TIRIEAI TR T

2. EBFAXKREESFERARRGHA
21. RGJRE

- S
T K

& HOKHH

ARG

4L

Figure 1. Direct expansion solar air source heat pump system structure schematic diagram
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Figure 2. Three types of flow channel structure unit models
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Figure 3. Grid division diagram of three flow channel structure units
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Table 1. Simulation boundary conditions setting
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Figure 4. Temperature and pressure distributions of flow channel unit with different structures
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Figure 5. Variation of average heating COP of heat pump system with water temperature
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Figure 6. Variation of average collector/evaporator surface temperature and system evaporation temperature with water temperature
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Figure 7. Variation of heat collection efficiency with water temperature
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