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Fig.1 Single-stage compression system (SS)
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Fig.2 Two-stage compression system ( TS)
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Table 1 The relative deviation between the calculated results of the model in this paper and the data in Ref. 1!
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Fig.5 Influence of operation parameters on the performance of high temperature heat pump system

5 it

ARSCHET I T X o PR [ SR ) 5
KX B ZE SRR IR AR R GE (SS) I HFES
JE4R SR AGE R G (TS) Bl AMEREHEAT T X e 4
Br, &5 F

1)SS Fl TS RGLH T %G HR ) IR 7 Ay Pt
TR, Hod TS REHIMEREE T SS &40, 2%
et R BE 50 °C ¥ BEas 1 HHRE R 115 C i,
TS R4 SS &4 COP 755 19. 14%

2)SS FI TS RS0 COP Y52 V5 Bk v i3k 11 6. JiF
M5, TS RGEAEA R BE s 2F R EE T 1 PERE Y
PEF SS RGE B BERSH TR 115 CHE, TS RGLHH
XFFSS &G COP HFHRE N 22. 60% .,

96

3)TS 458 COP BEAE 78 r il B2 B 3% I i yai /)
W 5 M 2503 8 184 T B, AR SRR AR T 0.7
B, TS R4t COP Lt SS 4% COP #4551 21.07%

[ &% k]

[1] DEYMI-DASHTEBAYAZ M, VALIPOUR-NAMANLO S.
Thermoeconomic and environmental feasibility of waste heat
recovery of a data center using air source heat pump[ J].
Journal of Cleaner Production, 2019, 219 117 -26.
ARPAGAUS C, BLESS F, UHLMANN M, et al. High

temperature heat pumps: market overview, state of the art,

(2

[

research status, refrigerants, and application potentials
[J]. Energy, 2018, 152; 985 - 1010.

[3] HE YL. Study on major common basic problems of efficient
comprehensive utilization of industrial waste heat[ J]. Chi-
nese Science Bulletin, 2016, 61(17) : 1856 — 1857.



FETT s AR AL R IR A R GERER T

[4] YANG A, JIN S, SHEN W, CUI P, et al. Investigation of
energy-saving azeotropic dividing wall column to achieve
cleaner production via heat exchanger network and heat
pump technique[ J]. Journal of Cleaner Production, 2019,
234. 410 -22.

(5] B8 &, BAT A EAL I B U T3 T2 AR A I 3R
GEWsE[)]. S EFTIR ,2023,39(3) 126 - 30.

[6] FKIE. A Ea L AT 0 LA A B B8R
MBI I]. A EGR41HE,2017,33(4) :31 33,42,

[7] WU D, HU B, WANG RZ. Vapor compression heat pumps
with pure Low-GWP refrigerants[ J ]. Renewable Sustain-
able Energy Reviews, 2021, 138. 110571.

[8] GUZ, QIU J, LI Y, CAI G. Heat pump system utilizing
produced water in oil fields [ J]. Applied Thermal Engi-
neering, 2003, 23(15): 1959 - 1970.

[9] CAO XQ, YANG WW, ZHOU F, et al. Performance anal-
ysis of different high- temperature heat pump systems for
low-grade waste heat recovery [ J]. Application Thermal
Engineering, 2014, 71(1): 291 - 300.

[10] fi#38 . ISP %5 P18 KU 16 il 72 b (9 4 V2R 45 1) T

[J]. A 576 ,2018,34(5) :30 - 35.

[11] KONDOU C, KOYAMA S. Thermodynamic assessment of
high-temperature heat pumps using Low-GWP HFO refrig-
erants for heat recovery[ J ]. International Journal of Re-
frigeration, 2015, 53, 126 - 141.

[12] H CEYLAN, Review on the two-stage vapor injection heat
pump with a flash tank [ J]. Engineering Science and
Technology, 2023, 54. 101583.

[13] LEE SH, JEON Y, KIM B, et al. Simulation-based com-
parative seasonal performance evaluation of single-stage
heat pump and modulated two-stage injection heat pump
using rotary compressors with various cylinder volume rati-
os[J]. Application Thermal Engineering, 2019, 159.
113892.

[ 14] MATEU-ROYO C, ARPAGAUS C, MOTA-BABILONI A,
et al. Advanced high temperature heat pump configura-
tions using low GWP refrigerants for industrial waste heat
recovery: a comprehensive study[ J]. Energy Conversion
Management, 2021, 229. 113752.

[15] J LIU, L. ZHOU, J CHENG, et al. A novel two-stage
compression air-source heat pump cycle combining space
heating, cooling, and domestic hot water production[ J].
Energy Build, 2023, 285. 112863.

[16] S JIANG, S. WANG, X. JIN, et al. A general model for
two-stage vapor compression heat pump systems[J]. In-
ternational Journal of Refrigeration, 2015, 51 88 —102.

[17] H W Jung, H Kang, W J Yoon, Y Kim, Performance
comparison between a single-stage and a cascade multi-

functional heat pump for both air heating and hot water

supply[ J]. International Journal of Refrigeration. 2013,
36. 1431 - 1441.

[18] C BAEK, J HEO, J JUNG, et al. Effects of the cylinder
volume ratio of a twin rotary compressor on the heating
performance of a vapor injection CO, cycle[ J]. Applica-
tion Thermal Engineering, 2014, 67 89 -96.

[19] DS AYOU, R HARGIYANTO, A CORONAS, Ammonia-
based compression heat pumps for simultaneous heating
and cooling applications in milk pasteurization processes:
performance evaluation [ J]. Application Thermal Engi-
neering, 2022, 217. 119168.

[20] X Jin, J Zhang, Z Liu, W Hong, et al. Performance a-
nalysis of a two-stage vapor compression heat pump based
on intercooling effect[ J]. Case Studies in Thermal Engi-
neering, 2023, 51 103643.

[21] European Commission, Regulation (EU) No 517/2014 of
the European Parliament and of the Council of 16 April
2014 on Fluorinated Greenhouse Gases and Repealing
Regulation (EC) No 842/2006, 2014.

[22] E A Heath, Amendment to the Montreal protocol on sub-
stances that deplete the ozone layer [ J]. International
Journal of Materials Research, 2017,56. 193 —205.

[23] O Bamigbetan, T M Eikevik, P NeksA , et al. Review of
vapour compression heat pumps for high temperature heat-
ing using natural working fluids[ J]. International Journa-
tional of Refrigernation,2017, 80, 197 -211.

[24] K Uddin, B B Saha. An overview of environment-friendly
refrigerants for domestic air conditioning applications[ J ].
Energy, 2022, 15 80822.

[25] MOTA-BABILONI A, MATEU-ROYO C, NAVARRO-
ESBRI J, et al. Optimisation of high-temperature heat
pump cascades with internal heat exchangers using refrig-
erants with low global warming potential [ J]. Energy,
2018, 165 1248 —1258.

[26] WU Z, WANG X, SHA L, et al. Performance analysis
and multi- objective optimization of the high-temperature
cascade heat pump system [ J ]. Energy, 2021, 223.
120097.

[27] SANGURI K, GANGULY K, PANDEY A. Modelling the
barriers to low global warming potential refrigerants adop-
tion in developing countries: a case of Indian refrigeration
industry[ J]. Journal of Cleaner Production, 2021, 280
124357.

[28] MATEU-ROYO C, NAVARRO-ESBRI J, MOTA-
BABILONI A, et al. Theoretical evaluation of different
high-temperature heat pump configurations for low-grade
waste heat recovery[ J]. International Journal of Refrige-
ration, 2018, 90, 229 - 237.

[29] WU D, JIANG J, HU B, et al. Experimental investiga-

97



HEIEE 2024 AR5 4 W

[30]

[31]

(32]

[33]

[34]

(35]

98

tion on the performance of a very high temperature heat
pump with water refrigerant [ J]. Energy, 2020, 190
116427.

YAN H, WU D, LIANG J, et al. Selection and validation
on low-GWP refrigerants for a water-source heat pump
[J]. Application Thermal Engineering, 2021, 193
116938.

MATEU-ROYO C, SAWALHA S, MOTA-BABILONI A,
et al. High temperature heat pump integration into district
heating network [ J ]. Energy Conversion Manage, 2020,
210 112719.

ZHANG X, XU H. Experimental performance of moder-
ately high temperature heat pump with working fluid
R1234ze(Z) [J]. Journal of Thermal Analysis and Calo-
rimetry, 2021, 144(4) . 1535 - 1545.

JIANG J, HU B, WANG R Z, et al. Theoretical perform-
ance assessment of low-GWP refrigerant R1233zd(E) ap-
plied in high temperature heat pump system[ J]. Interna-
tional Journal of Refrigeration, 2021, 131. 897 —908.
Wk, Rz i, WRfd 55, 5. SR AR Ll 1l v 750 A X8 <
BRI R LR AFARIRTTE[T]. v 152594 ,2024 24
(4).67-72,79.

YANG A, JIN S, SHEN W, CUI P, et al. Investigation
of energy-saving azeotropic dividing wall column to a-
chieve cleaner production via heat exchanger network and

heat pump technique[ J]. Journal of Cleaner Production,

2019, 234, 410 -422.

[36] WU D, YAN H, HU B, et al. Modeling and simulation
on a water vapor high temperature heat pump system[ J].
Energy, 2019, 168 1063 -1072.

[37] GALINDO J, RUIZ S, DOLZ V, et al. Advanced exergy
analysis for a bottoming organic rankine cycle coupled to
an internal combustion engine[ J]. Energy Conversion and
Management, 2016, 126, 217 —227.

[38] LUO B, ZOU P. Performance analysis of different single
stage advanced vapor compression cycles and refrigerants
for high temperature heat pumps[ J]. International Journal
of Refrigeration, 2019, 104 . 246 —258.

[39] LEMMON EW, BELL IH, HUBER ML, et al. Fluid
thermodynamic and transport properties ( REFPROP )
NIST standard reference database: vol. 23 [ EB/OL ].
Gaithersburg, MD. National Institute of Standards and
Technology ( NIST), 2018, Version 10.0.

[40] DAI B, LIU X, LIU S, et al. Dual-pressure condensation
high temperature heat pump system for waste heat recover-
y: energetic and exergetic assessment[ J]. Energy Con-
version and Management, 2020, 218, 112997.

[41] ARPAGAUS C, BLESS F, UHLMANN M, et al. High
temperature heat pumps: market overview, state of the
art, research status, refrigerants, and application poten-
tials[ J]. Energy, 2018, 152; 985 - 1010.

Energy efficiency analysis of high temperature heat pump
system for low grade waste heat recovery

JING Guangning
(Engineering Company BGRIMM Technology Group, Beijing 100160, China)

Abstract: In view of the fact that there are many low-grade hot water in smelters in the mining industry,
such as cooling circulating water of equipment and underground water inflow in mines, in this study, the
single-stage and two-stage vapor compression heat pump systems for waste heat recovery is compared, and
a calculation model of the thermal performance of the system is developed. Then the energy efficiency of
the two systems is compared. The results show that the performance of the two-stage vapor compression
heat pump system (TS) is better than that of the single-stage vapor compression heat pump system (SS).
When the hot water inlet temperature is 85 °C and the outlet temperature is 115 °C, the COP of the TS
system is increased by 22.60% compared with the SS system when the hot water inlet temperature is
85 °C and the outlet temperature is 115 C, and the COP of the TS system is increased by 21.07%
compared with the SS system when the isentropic efficiency is 0. 7.

Key words: smelters; waste heat recovery; vapor compression; high temperature heat pump; energy

efficiency ; two-stage compression oy



