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Study on the performance of new air-source high-temperature hot water units driven by heat
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Abstract: Conventional electric heat pumps are of low energy efficiency in cold regions. Since the lowest operation
temperature of lithium bromide absorption heat pumps is 5 ‘C, they cannot work in sub-zero areas of Northeast China.By
coupling compression cycle with absorption cycle, a new low-temperature air-source heat pump is proposed. The pump
driven by the municipal heat network in an integrated energy system can produce domestic hot water effectively and solve
the problems of conventional pumps’poor performance in cold areas and high electricity cost.The operation principle of the
coupled heat pump unit is analyzed, and the proposed new heat pump unit is simulated. The effect of the evaporation
temperature of a dual-phase heat exchanger, hot water outlet temperature, ambient temperature and steam compressor
pressure ratio on the heating performance of the heat pump is obtained through simulation calculations.Through theoretical
calculation and comparative analysis on the compression heat pump and the proposed new low-temperature air-source heat
pump under four different working conditions, the high performance and industrial value of the latter pump is verified.
Keywords: integrated energy systems ; absorption heat pump ; compression heat pump ; dual-phase heat exchanger; coupled

cycle;air-source heat pump ;driven by heat-supply network
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Fig.1 Coupling cycle of the unit
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Fig.2 Variation of heat production of the unit with

evaporation temperature
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Fig.3 Variation of the power consumption of the two

compressors with evaporation temperature
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Fig. 4 Variation of the unit performance coefficient with

evaporation temperature
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Fig.5 Variation of the unit performance coefficient with the

temperature of produced hot water
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Fig. 6 Variation of the compressor power consumption with the

temperature of produced hot water

HI P 7 208l i Bl ) BOGAARL B 1 T, &R
Guii i BN R B 32 B DA R i BOHOK R
FETT e, i MLIIAESE I, AL A il AR BE R I
2.3 IREIRE XA M RERI N 5 4T
A PRI ALZE A A IR el DX, PRI 3
MRS IR AER s TS AL 1 8 7y



% 7 27

FME 5 R T A IR B 64 42 A AR R AT AL R AR & R A OK AL AR AT T - 37 -

AN B 2 MR EE R B, R 4 SR A 0 28 kR )
TR R B R 4E MR ABCE 2 (0 3y, B 22 R 4
HLINFE 2 I K BT, SIREEEE M -10 °C
TR ZE-25 CHF, R4E HLAT DI FEM 87. 4 kW L F+ =
151. 6 kW,

56001
54001
52001
50001

4800+

il R AW

4600+

4400}

4200r

4 000 L L L L L L L L L I}
58 60 62 64 66 68 70 72 74 76 78 80
KGR C
7 HUAFIHEREERKEENETLIFER

Fig.7 Variation of heat production of the unit with the

temperature of produced hot water
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Fig. 8 Variation of Freon compressor power consumption with

outdoor temperature
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Fig.9 Variation of the unit performance coefficient with

outdoor temperature
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Fig. 10  Unit performance coefficient varying with the pressure

ratio of the steam compressor
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with its pressure ratio

*1 BEWEANASEHAAREBSITHRILE
Table 1 Comparison of the working situations of coupled cycle

units and compression heat pumps

T H A TEAHLA JE 4 2R
TRE R %L 3.31 2.24
FEGHLUET TR kW 215 418
Pk it/ (kg-s™) 13.0 75
4 #ig

W Wi SRR A 3 R b X% R R B
S8 JCHE AR I T Bt — b R A 1 PP
A, Hofg W e AR 20 45 4 AR PR AT IR EE R
HA AT AN, 2 2 o4 Tt 1 AR S A
AE 2R W 5T I8 0 S HLAL AT i AT AL, 2y
Br T ILAS RSB G I 20 R GEERERY R, I
5P AAT T X, BRI .

(1) i) M e A 20 r ik A K 28 SR AR HIL A B i
N7 BURZAE $ 40 i PR AR I B0 AH L BT ) i e =
R FRTT TSR R TARE >R 2 3R R
8 1A BV 9 T B Al s A B 60 “C LA LA i
ORI R R R TR R

() TERE S IEER TP BE T K2 RG-S A
£ R AL, 3 RO 28 SRR HILAY s LI IR A 25
PEREMS BT R, (EHIROA RO IRLRE B 5 4R . R0
AR FEU] 7 s A BIL ) 4 T DU 72 S B i TN AR 28 R 18
BEIR L , SR i S HLALI TARYER .

(3) WURH L e FA A5 P 25 i JEE 14 i R AL A
PR PERE BAT 3SR, 2 AR R T, I
AAEFR T2 LT Sk Rede It (H 450
AR v Bl B B 2 b T BETPEBE TR R . UM AR
HehAR HER A2 A RE 73508 5 °C

(4) 5 % BUR 46 SRR LG, W45 0 2 iy AL 2

AT 3, I BCPROKIELE 9 60 °C, AL RE
FEC AR INFE S i AR I B 2 4 T RR S R I
A IR, B B B e TR 5

S Lk

(1 JoMet, ShHENE BB A, 55 . B R A E AR PRI HOAR I HTBLR

Lemiie ot [J ] ARHAR ,2021,43(10) :22-30.
SUN Jian, MA Shicai, HUO Cheng, et al. Application
analysis and prospect of heat pump technology under the
goal of carbon neutrality [ J]. Huadian Technology, 2021, 43
(10):22-30.

(2 Wl 53, 23 B, 45 . 25 ORI 25 TR R BIDIR &

KFERTFLI] AR, 2021,43(11) : 25-39.
CHEN Jianyong, LI Hao, CHEN Ying, et al. Application
status and perspectives of air-source heat pump air
conditioning technology [ J]. Huadian Technology, 2021, 43
(11):25-39.

[3JE R R S BRI O . o ) A 301 R AR BE R e F
T 20080 M ] A5 i A Tll H AL

[4]88%%, BIME 21, 45 R AL BRI S AR 0 3 2 A

B AT R S A [T ] #BE 8 ) TR L 2022, 37(2) : 122-
128, 159.
XIONG Jun, LIAO Ye, HU Xianfa, et al. Dynamic modeling
and operating characteristics analysis of lithium bromide
absorption heat pump[J].Thermal Power Engineering,2022,
37(2):122-128,159.

(5 1 ae il A A XU I, 25 O B 5 — 28 VAL PR IS
ARG )] GRS TTHE,2019(9) :45-47.
FENG Huimin, BAO Ruiqi, LIU Fangchen, et al. Research
on a new type Il lithium bromide absorption compression
composite heat pump system [J]. Energy and Energy
Conservation,2019(9) :45-47.

[6JAYALA R, HEARD C, HOLLAND F. Ammonia/lithium
nitrate absorption/compression refrigeration cycle. Part I.
Simulation [JJ.Applied Thermal Engineering, 1997, 17 (3):
223-233.

[7IMITSUHIRO F, TADASHI Y, HIROAKI I, et al

hybrid

refrigeration cycle with propane/mineral oil combination[J].

Performance of compression/absorption
International Journal of Refrigeration, 2002, 25 (7)
907-915.

(81F KPR . TR A 90 5 oy Ut B A I B e[ ). 7 g
AR ,2000(1) :6-8.

WANG  Changqing. Lithium bromide two-stage high-
temperature absorption heat pump and its design[J].Energy
Saving Technology,2000(1) : 6-8.

(9] FH R BRI S Is 4T MR AR 5 — el 2
[J].7156E,2009,28(12):21-24,2.

JIANG Xiuhua.Single and double effect combined operation



% 7 27 FIME S R T A R IR 3 64 4R A Ak

R E AR

318 O HULEL M B AT R -39 -

of lithium bromide type I absorption heat pumps[J]. Energy
Conservation,2009,28(12):21-24,2.

(10 J5KE s, B vi %, X . 2 — iR A e s R e

ARSI ] I HAR ,2012,32(4) :46-50.
ZHANG Hongyan, XIA Kesheng, ZHAO Minghai. Optimal
working domain of the first type of lithium bromide
absorption heat pump [ J]. Refrigeration Technology, 2012,
32(4):46-50.

(11 RS AR, A, 45 I SPGB I HLALRE &
W W IR R e IR T B B S 28 a A A [0 ). R BE B
J1THE,2022,37(4) :94-99.

MI Yuhong, FENG Linkui, BAI Jianhua, et al. Analysis of
thermal economy and environmental benefits of coupled
absorption heat pump system for subcritical cogeneration
units| J ].Thermal Power Engineering,2022,37(4) :94-99.

BRI s S SANS I T R | W Bl N SRR R

75 IR PG A B R U T 5 [0 ] 3
Tt ,2022,42(4) :359-364, 386.
XUE Xiaojun, HOU Zhihua, ZHANG Hongchang, et al.
Study of gas-fired cogeneration with ground source heat
pump coupling to replace gas boilers for heat supply in a
carbon neutral context [J]. Journal of Power Engineering,
2022,42(4):359-364,386.

[13]KOHLENBACH P, ZIEGLER F. A dynamic simulation
model for transient absorption chiller performance. Part I1:
The model[ J ].International Journal of Refrigeration, 2007,
31(2):226-233.

(14 1) 53, B, 250 L, 2 . WG U AL REZ8LS3 BT M AL UL
FE[J]. BiETTRE,2021(11): 12571262
ZHOU Yong, WEI Hang, LI Yongtian, et al. Energy
efficiency analysis and simulation study of absorption heat
pumpl J ].Shanghai Energy Conservation,2021(11):1257-
1262.

(15 BRT , 8 R AL B R A B T[] 2
SFAARE K23 T, 2020,39(3) :49-53, 1.

CHEN Qing, WANG Xi. Analysis of variable design
conditions of lithium bromide absorption heat pump [J].

Building Thermal Ventilation and Air Conditioning, 2020,

39(3):49-53,11.

(16 JfMit, XA Fh/NGE A5 — Pl A0 Tl A T e A8
Tir V2 FOKALAL i i R : 21.201910089196.9[ P1.2019

(17 J oM, E5HEE A, 25 B B i =X 5 e 4 =R 5 7 B
PEREREFE [T ]. K FHRE*12, 2020,41(10) :375-380.
SUN Jian, MA Shicai, HUO Cheng, et al.Performance study
of a new coupled absorption and compression cycle [J].
Journal of Solar Energy,2020,41 (10) :375-380.

[18JKLEIN S, NELLIS G. Thermodynamics (M]. England :
Ambridge University Press,2012.

(19 )P, 3 /N, kA, 45 L B SO oy i AR A2 Al i

TR P REAF 9T (], TR A M 3 24 4 4l L 2019, 40
(9):1949-1957.
SUN Jian, DONG Xiaobo, GE Zhihua, et al.Study on the
performance of waste heat recovery type high temperature
heat pump with non-azeotropic work cycle [J]. Journal of
Engineering Thermophysics,2019,40(9) : 1949-1957.

(20071, B2 5 XL, TR BIL, A5 BRI PR HLIR 7 R G2 0% i Ax RE AL
IAHCE BT R T ] AR LR, 2021,43(3) : 48-56.
FANG Xu, PENG Xuefeng, ZHANG Kai, et al. Develop-
ment of heating retrofit using waste heat from coal-fired
CHP system cold end [J]. Huadian Technology, 2021, 43
(3):48-56.

(20 JA 0, O, 2207, 45 LR G RE IR IR 55 301 H B 1O
RGO ] SR 6B REDR, 2022,44(1) : 72-79.
YU Li, XU Jingjing, MA Lanfang, et al.Case study on the
integrated energy service project with newly installed heat
pumps [J]. Integrated Intelligent Energy, 2022, 44 (1) .
72-79.

(R T4 Fak)

EEREN:

IME(1985), 55, B2, 1A= S0, 1, ATy
AE B AH G A W A ZF REFE SR | AT P-A: AR MO B e 4 55
5 RIFSY , stu@188.com;

W 5 (1967) , 5, Bz, 1L AR 0, 1, AR A8
S KT R REREIE S HOR R BH RE A B RA I A i 2 5 T
RYBESE , yyp@ncepu.edu.cn.





