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Abstract: Parallel plate heat exchanger clusters, consisting of multiple plate heat exchangers, are widely used in
district cooling systems. They also play a critical role in ice storage air conditioning systems, where they facilitate
heat exchange among ice melting subsystems, glycol subsystems, and chilled water subsystems. However, most
existing research on ice storage air conditioning systems has focused largely on optimizing load distribution strategies
for ice storage and chilled water mainframes or improving the operation of variable frequency pumping units. The heat

transfer characteristics of parallel plate heat exchanger clusters remain underexplored. The present study thus aims to
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address this knowledge gap by focusing on a plate heat exchanger cluster within an ice melting system at Qianhai Re-
gional Cooling Station No. 2. Using the FloMaster simulation platform, a mathematical model of the parallel plate
heat exchanger cluster is developed. The cluster consists of five plate heat exchangers and 15 pumps. The study inves-
tigates the influence of pump operating parameters, the heat transfer area, and the pump connection method on the
heat transfer characteristics of the plate heat exchanger cluster. The paper proposes an operation strategy optimization
method for the plate heat exchanger cluster, with a focus on heat exchange power, water temperature, and pump
cluster safety speed. The findings indicate that under conditions of partial load, the plate heat exchanger cluster’s
placement within the heat transfer area is not a universal solution. Contrary to expectation, using more machines in
conjunction with more pumps does not necessarily enhance cluster effectiveness, and vice versa. Furthermore, the
heat transfer characteristics of the plate heat exchanger cluster, including heat exchange capacity, power consump-
tion-to-heat exchange ratio, and outlet water temperature, are influenced universally by pump operating parameters.
This study provides a theoretical basis for the design and application of parallel plate heat exchanger clusters in the
HVAC field.

Keywords: parallel plate heat exchanger cluster; heat transfer characteristics; optimized operation strategy; district
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Fig.1 Cooling progress model and ice-melting system diagram of Qianhai District Cooling Station No.2
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Tab.1 Performance parameter of device
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Fig.3 Model of the ice-melting system in Qianhai district cooling
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Fig.4 Single plate heat exchanger model verification
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Tab.2 Comparison of single plate heat exchanger model verification

o R EY | UE R oL IR AU

(kg/h) C SIME/C | HEE/C | RE/% | EE/KPa | HHEAA/KPa | R25/% | SRMEAW | HHEEAW | RE%
B 724 025 12.5 2.5 2.48 0.80 20.8 20.82 0.10

8441 8 446 0.06
Vel | 1446297 1.5 6.5 6.51 0.15 76.2 75.99 0.28
R3 LIRS HE
Tab.3 Performance parameter of experimental instrument
E4S 75 s 24 K
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Fig.5 Test platform and measuring point layout of the ice-melting system at Qianhai District Cooling Station No. 2
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Tab.4 Comparison of heat exchange temperature of the ice-melting plate heat exchanger cluster

Rk AR HRB-1 ~ 5 Uil
20 51 K EE KR EE 2
FL i/ C JHEC | RE% | EREC HHRHE/C WEMN% | TEREIC HEEC | RE%
F1d 10.40 11.05 6.25 2.90 3.20 10.34 7.50 7.85 4.67
24 10.90 11.05 1.38 3.50 3.55 1.43 7.40 7.50 1.35
34 10.90 11.05 1.38 345 3.71 7.54 7.45 7.34 1.48
AR HE HRB-1 ~ 5 130
20 51 KR EE KR EE 2z
SR/ C JHEC | BRE% | SREC HHEEC W% | SEREC HEMC | WRE%
F1dH 0.40 0.45 12.50 8.40 8.19 2.50 8.00 7.74 3.25
F2d 1.00 0.85 15.00 8.90 8.30 6.74 7.90 7.45 5.70
534 1.20 1.25 4.17 8.50 8.19 3.65 7.30 6.94 493
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Tab.5 Comparison of the heat exchange performance of ice-melting plate heat exchanger cluster and power consumption of
pump
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14 6 605.33 6 601.58 0.06 21.27 22.39 5.27 52.90 55.63 5.15
FodH 6423.43 6350.10 1.14 21.28 22.39 5.18 52.72 55.45 5.19
34 6 144.68 6 162.35 0.29 26.92 28.21 4.79 52.92 55.48 4.85
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Fig.6 Heat exchange capacity and power consumption-
to-heat exchange ratio of the plate heat exchanger
cluster at different rotation speeds
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Fig.7 Heat exchange capacity and outlet water tempera-
ture of the plate heat exchanger cluster at different
rotation speeds for 5 BL2B chiller pump sets
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Fig.8 Comparison of heat exchange capacity , power
consumption-to-heat exchange ratio , and outlet
water temperature of the plate heat exchanger
cluster at different rotation speeds(3 plate heat
exchangers)
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Fig.9 Comparison of heat exchange capacity , power

consumption-to-heat exchange ratio and outlet
water temperature of plate heat exchanger cluster
at different rotation speeds (3 plate heat exchangers
vs 5 plate heat exchangers)
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Fig.10 Influence of heat exchange power and power con-
sumption-to-heat exchange ratio of plate heat ex-
changer cluster on outlet water temperature (the
number of plate exchangers matches the number of
ice-melting pumps turned on)
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Fig.11 Influence of heat exchange power and power con-
sumption-to-heat exchange ratio of plate heat ex-
changer cluster on outlet water temperature (the
number of plate exchangers differs from the number
of ice-melting pumps turned on)
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Fig.12 System model of multichiller to multipump and one-chiller to one-pump plate heat exchanger cluster
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Fig.14 Influence of heat exchange power, power con-
sumption-to-heat exchange ratio of plate heat ex-
changer cluster with different pump sets on outlet
water temperature
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