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Cycle Configuration and
Parameter Optimization of High-Temperature Heat Pumps for 125°C Industrial Heating
Qian Huijin! Zhou Lin'? Peng Yulan'3
Lin Yuyu' Wang Zhengqiang' Xu Xiaoyao! Zhang Jinrui'?
( 1.CECEP City Energy Conservation Co., Ltd, Changzhou, 213032;
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[ Abstract]  To achieve 125°C industrial high temperature heating and evaluate low global warming potential alternatives to
R245fa, this paper establishes and compares four configurations using Aspen Plus: basic cycle, regenerator cycle, economizer cycle,
and combined cycle. The study systematically analyzes the COP, discharge temperature, wet compression risk, and volumetric
performance of R245fa and R1233zd(E) under conditions of 20°C evaporation and 125°C condensation. The results indicate that
R1233zd(E) outperforms R245fa in all cycles with a maximum COP of 2.73. For conventional screw and scroll compressors, the
economizer cycle balances safety and energy efficiency. For high temperature resistant magnetic bearing centrifugal compressors,
the combined cycle unlocks greater performance potential. Considering energy efficiency, operational safety, and environmental
attributes, R1233zd(E) is the optimal alternative working fluid for 125°C industrial heating.
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Fig.1 Pressure-Enthalpy (P-h) diagram of R245fa and R1233zd(E)
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Fig.2 Flowsheet of the basic two-stage compression heat pump cycle
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Table 2 Simulation results of base cycle
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FE4ENL 2 3t E %) bar 5.12 433
JE4ENL 2 H O R bar 21.30 17.35

4R 1 kW 295.95 260.19

FE4iT) 2 kW 285.59 260.29

A 2% DR C 125.08 124.71
RS LT A kW -1000.41 -1000.20
R A R C 20.03 20.08
RRABWIAT kW 303.01 41228
By L3 4 i 4 kW 115.87 67.44
JESEHL 1 3 DR 34.50 30.50
FEAENL 1 H R 75.62 74.58
JEZEHL 2 HE I8 75.62 74.58
FEAENL 2 H R C 129.36 130.14
A R kg/h  34300.00 28890.00
HIAFAERE®  L/min 81371.76 83001.23
COoP — 1.52 1.79
COP® — 1.72 1.92
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Table 3 Simulation results of cycle with IHX

JE4EHLEH 1 150°C JE4EHLH 1 200°C JE4EHLH 1>200C
AR A
R245fa  RI233zd(E)  R245fa  RI233zd(E)  R245fa  RI1233zd(E)
FRARHL 1) bar 1.23 1.08 1.23 1.08 1.23 1.08
FRAEHL 1 ) bar 5.12 433 5.12 433 5.12 433
RARHL 2 SRS bar 5.12 433 5.12 433 5.12 433
R 2t H g bar 21.30 17.35 21.30 17.35 21.30 17.35
455 1 kW 258.62 237.83 206.75 200.65 201.39 192.17
453 2 kW 257.43 243.09 213.85 211.45 209.03 203.71
Bkt R C 125.08 124.71 125.08 124.71 125.08 124.71
7ol AT kW -999.90 -1000.00 -1000.00 -999.86 -999.63 -1000.08
I B IR C 20.03 20.08 20.03 20.08 20.03 20.08
S S T kW 483.85 519.05 579.35 587.76 589.21 604.21
[ g4 AT kW 239.22 168.00 412.74 334.17 430.29 371.88
17 1360 F 4 o 24 kW 0.00 0.00 0.00 0.00 0.00 0.00
FRAEHL 1 3 R C 56.30 50.00 107.60 99.00 115.08 114.72
JRAFHL 1 HH i B C 97.88 94.77 150.33 145.73 157.99 162.13
FRAAHL 2 3 PR C 97.88 94.77 150.33 145.73 157.99 162.13
FRAAHL 2 th PR C 149.33 149.28 199.94 199.93 207.54 216.58
Tl AL kg/h  26400.00 24600.00 17980.00 17770.00 17150.00 16280.00
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Fig.6 Split ratio vs COP for R245fa and R1233zd(E) with
quadratic fitting
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Table 4 Simulation results of cycle with ECO

S AR L ¥ R245fa  R1233zd(E)
FEZEHL 1 30K A bar 1.23 1.08
JEZENL 1 s N bar 5.12 433
FEZEHL 2 3% A7 bar 5.12 433
JEZENL 2 s H bar 21.30 17.35

4R 1 kW 139.56 140.23

E455h 2 kW 260.48 245.27

AR TR A C 125.08 124.71
RS TR kW -999.83 -1000.18
AR OEE C 20.03 20.08
AR AW AT 2 kW 545.14 578.34
By L3 4 i 4 kW 54.64 36.35
BT A AT 2 kW 402.26 356.14
JEZERL 1 3 IR C 34.50 30.50
JEGEHL 1 H EREE C 75.62 74.58
JESEHL 2 3 DR C 75.62 74.58
JEZERL 2 IEE C 146.75 146.64
178 77 LI kg/lh  27052.63 25112.90
53 it e 1 — 0.43 0.45
FIAFAFR R L/min 38371.64 44732.75
COoP — 2.36 2.50
COP® — 2.50 2.59
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Table 5 Simulation results of cycle with ECO&IHX

SR Bhr R245fa  RI1233zd(E)
RN 1R bar 1.23 1.08
RN 1 AR bar 5.12 433
4N 2 RS bar 5.12 433
EZNL 2 HAER bar 21.30 17.35

E4T) 1 kW 134.89 135.99

E4T) 2 kW 243.52 230.26

RS DR T 125.08 124.71
R T B B kW -999.81 -1000.47
ZRR AR TR C 20.03 20.08
RSP AIR kW 621.39 634.21
o] R 2 P Ty 2 kW 148.06 135.36

o 15 ¥ s 4 Jon kW 0.00 0.00

LT R AT kW 348.98 307.19
FEZEHL 1 3 R T 63.88 63.69
FEZEHL 1 H R T 105.62 108.98
FE4AHL 2 1 R AE T 105.62 108.98
FE4EHL 2 TR C 162.35 167.21

VA TR kg/h  23543.86 21661.29
Ganiitan | o 0.43 0.38

HAFARURE * L/min - 36910.71 43204.09
Ccop — 2.64 2.73
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