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Abstract With the deepening of energy conservation and emission reduction, the improvement of energy efficiency, integrated system
coupling refrigeration with heating is bound to be further promoted and applied. Compared with traditional refrigeration system and heating
system, the integrated system can comprehensively utilize the energy of both cold and heat. Therefore, whether the calculation of the ener-
gy efficiency of individual cold and heat is still applicable to the new system. In this paper, two kinds of integrated system coupling refrig-
eration with heating of integrated system A with cascade unit and heat pump, and integrated system B with conventional refrigeration unit
and heat pump are constructed, and three methods of energy efficiency calculation are proposed. Through specific experiments, three coef-
ficients of performance (COP) calculation methods and results are given for discussion and analysis within the industry. Among them, the
third calculation method take into account the cooling capacity of the refrigeration system and the heating of the heat pump system, and the
shaft power of the whole system is regarded as the compensation energy, it is the most reasonable method.

Keywords integrated system coupling refrigeration with heating; energy efficiency calculation standards; COP
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Fig. 1 The flow chart of integrated system coupling refrigeration with heating
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Fig.2 The p-h digram of NH,/CO, cascade system
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Tab.1 The parameters of cascade system in low
temperature stage

S5 ¢l
HKEWRE T /C - 40
REERIE T,/ C _14
W E I D, /kPa 30
WS 71 p./kPa 975
WSS HABE T, /°C 0.1
W SREE T /C -39.9
REERARSS H./ (k)/kg) 167. 56
HAUE TR D,/ kPa 30
HEAE ST p/kPa 2 389
WAL B A/ C 1
EHERIREE T, /°C 18.13
TR V,/(m’/h) 132.24
SRR E ¢,/ (kg/s) 0.93
IR W, / kW 35.56
FEAEALIIR W,/ kW 53.07
HlAR Q,/ kW 249.9
FBRHE R T,/ C 35.8
CO, HRGAT W,/ kW 303

R2EERGTRASHY
Tab.2 The parameters of cascade system in high
temperature stage

240 By
RRRET./C -17
BEHREE T./C 40
W RSIW% D, /KPa 5
WA JEH p./kPa 212
WS T,/ C 0.1
W SR EE T /C -16.9
AEEARKS H / (KI/kg) 533. 80
HUEJIF% D, /kPa 30
HSETT py/kPa 1585
WAL E A/ C 2
FWHFRRE T, /C 132.25
SRR SR V,/ (m’/h) 514.28
SCPRBE R ¢,/ (kg/s) 0.252
BT W,/ kW 77. 14
FEAEDLIDIHE W,/ kW 108. 6
e Q. kW 268. 35
FBRHERIRE T,/ C 71.5
CO, HIAGAST W,/ kW 373

4.1.3 EERRRRAZFGERITE

AR RS R4 PLEE R RCH12S, S HE
OV, =152 m'/h HIER IR E 55 S R 5 SR NH,
VBRI ARV HC , SE M AR 5 AR m, = 0. 87\ 4a#k
B, =0.65 HHRSHILE 3,
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Tab.3 The parameters of NH, high temperature heat
pump of system A

ERIREE T,/ C 40
HEIRIE T./°C 65
W SUE IR D,/ kPa 30
WS K p./kPa 1525
WG T, /C 0.1
WS T./C 40. 1
WEERARSE H / (K)/kg) 661. 42
HAUETIBE D, /kPa 30
HSETT py/kPa 2979
WA BE At/ C 1
FRHEIREE T, /C 91.42
SRR & V,/(m’/h) 132. 24
SRR ¢,/ (kg/s) 0. 431
IR W,/ kW 40.18
AR W,/ kW 61.88
A Q. kW 421.5
SR HEREE T,/ C 80.9
CO, HIAGAST W5/ kW 483.38
HlHKIREE T,,/C 62
[RIZKWEEE T, /°C 45
POKMEA R Q,,/(m’/h) 26
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Tab. 4 The parameters of NH; refrigeration unit

2% Heft A BB AEBIRFERIRIE N 40 C , HIR % HER
RRBE T./C -15 B 40 C IS BEREE K 65 CHI TH T, RGAE
WS IR D, /kPa 5 HEKLEG,
W< %1 p/kPa 231
W T/ 0.1 £6ARGHEBSH
IR T /C 149 Tab. 6 The energy parameters of system A
WBEEEE T./C 38.5 e Hi
WBERARE ./ (K1 kg) 526.4 5 RGNS Q,/ kW 250
HESE R D,/ kPa 30 CO, AR W,/ kW 53
HFEURTT py/kba 1522 ERHAEG A% W,/ kW 109
PRI A 2 HERAERII R W/ W 0
ERSHEIREE T,/ °C 123.8 SR V. W M
SRR SR V,/ (m’/h) 514
SRR g,/ (ke/s) 0.274
HIER W,/ kW 77.59 55 1 R AR IR R I AROR I R 4
JEGHLIIZR W,/ kW 109. 28 SRR B LA PRI A ) %
%ﬂ?éj% Q‘f‘/ kW 294. 16 CoP, = gcs _ % _ 779 @)
SERHESOREE T,/ C 77.5 » \ 3 el o
ST W,/ kW 409. 44 B2 MR BRI 40 CEKIRER

WA, 28 65 CORBETREZ B, I iRy
=] 75 S % W
£5 B REERMEARRGSY cop, = -5 (5

Tab.5 The parameters of NH, high temperature Wa + Wy + Wy 224

heat pump of system B 553 MR A B - 40 CEERIR T
P Hll %,65 CEEIRE I WMZEERER .

ZERIRE T./C 38.5 cop, = Q, +W, _ 733 _ 327 6)
e S D, /KPa 30 W, +W,+W, 224
WS R ST p/kPa 1462 B R4t 78 R N LA IR A BT 8,
WAL T,/ C 0.1 BHRIBIE R - 15 C, HIE B BEEHRE N 38.5 °C,
W T, /°C 38.6 AL N 65 C, RAHERBHNE T,
REERIE T,/C 65
BRERIAKS H ./ (K)/kg) 661.4 RTBREERKESH
HES ST D,,/kPa 30 Tab.7 The energy parameters of system B
HAE ST p/kPa 298 S8 ol
gﬁ;ﬁg ;‘/T (f/oc o HHURIS RAHIA T 0./ kW 204
LRI V,/ (m/h) 132, 24 LR Ve FEAT LA DR W,/ kW 109
BRI A g,/ (ke/s) 0.413 FER AR IR W,/ kW 63
SRR W,/ kW 41.2 GBI Wo/ kW 467
JEARHUENTI R W5/ kW 63.38
N Q 5/ kW 403. 74
SEBRHESRIE T,/ °C 311 551 T A IR PR AR I R ¢
SRR W/ kW 467.11 MV BEBR AR D
HIHOKIERE T,/ °C 62 cop, = W.s _ 467 _ 7 a1 (7)
[FIZKIEEE T, /C 45 W, 63
PRI Q,,/(m’/h) 25.5 2 PRI A FIEMN - 15 CERRER
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