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Abstract: To address the issue of mismatches between flue gas parameters and heat pump cycle
working fluid characteristics caused by varying loads during the actual operation of gas-fired
boilers, the performance of a compression heat pump for waste heat recovery from gas-fired boiler
flue gas was investigated. A heat pump system was constructed as part of the flue gas waste heat
recovery system of a 7 MW horizontal natural gas vacuum boiler. By combining experimental and
process simulation methods, the effects of the heat pump refrigerant flow rate, pressure ratio,
and boiler load on system performance were studied under boiler loads of 100%, 75% , and 50 %.

The research results show that at 100% load, as the refrigerant flow rate increases, the waste
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heat recovery capacity of the heat pump initially increases and then plateaus, the coefficient of

performance (COP) decreases from 7. 08 to 5. 94, and the system efficiency first rises rapidly to

106. 8% and then declines gradually. As the high-side pressure increases, the COP and efficiency

of the heat pump first drop to 1.97 and 101.1%, respectively, then rise rapidly to 8.09 and

107. 2%, respectively, and subsequently fall to 5.56 and 106.4% . respectively. Changes in

boiler load affect the refrigerant flow rate at which the waste heat recovery capacity reaches its

peak., as well as the maximum values of COP and efficiency. Under boiler loads of 100% ., 75%,

and 50% , the optimal operating conditions for the heat pump are as follows: refrigerant flow

rates exceeding 3. 40, 2.30, and 0. 68 kg * s~

', respectively, and high-side pressures exceeding

1020, 900, and 820 kPa, respectively. This study provides a reference for the efficient operation

of compression heat pump waste heat recovery systems for gas-fired boilers.

Keywords: waste heat recovery; compression heat pump; flue gas; flow rate; pressure ratio
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Fig. 1 Structure of compression heat pump waste heat recovery system
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Table 1 Measurement values of boiler parameters at full load

22 BAMIATAABEMML

Table 2 Simulation value of each flow under full load

condition working condition
EL ST it WE/C  HJj/kPa JREHE/ (kg s ")

Py Y 100 1 15. 00 481.0 3. 24
. 2 54.93 1193.0 3. 24

JE 46 ML G fr / %6 100
3 46. 04 1193.0 3. 24
N8 e At TR/ C 31.2 4 14. 62 481.0 3. 24
MREBR B A D KE/ C 40.1 5 32. 90 228.0 21.02
PEL RS KR/ C 42. 6 6 28. 02 228.0 21.02
KB E/(m' «h D) 275. 36 7 28.01 259.0 21.02
) ‘ G1 54. 60 101. 0 3.21

PEM K F R/ (m® « h™1) 76.71
G2 39. 04 101. 0 3.21
RRAIAF AR/ C 32.9 wi 40.10 394. 0 74. 90
AFEFELHEOKE/C 27.5 W2 41.72 394. 0 74. 90
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Fig. 2 Model of compression heat pump
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Table 3 Model operation results and comparison of the heat

pump system between experiment and simulation at

100% boiler load and 100% compressor load

ZH MR E BME AEXR2E/ %
BRI /KW 564.56  547.54 —3.01
R /KW  480.97  465.23 —3.27

4R PLAE D/ kW 83.59 82. 29 —1.56
PERE BB 6.75 6. 65 —1.48

A4 BRI TSN R AT A R AL TS0 AT R MR
RGBT BT R AT

Table 4 Model operation results and comparison of the heat
pump system between experiment and simulation at

75% boiler load and 75% compressor load

ZH MWL E BOME xR/ %
BEER MR /KW 506,24 490. 69 —3.07
KRR /KW 430.91  420.85 —2.33

FE 45 0LEET) / kW 57.43 59. 00 2.73
P HE R 2L 8.81 8.32 —5.56

K5 BRW TSV A A R AL 5000 R AT B AR
AGBRABATE R R ATIL

Table 5 Model operation results and comparison of the heat
pump system between experiment and simulation at

75% boiler load and 50% compressor load

28 MWk E BHME HXR2E/ %
BEER R /KW 357.02  348.12 —2.49
ORI /KW 278.96  299. 80 7.47

FEAHLEEL kW 53.42 48.25 —9.68
PERE R 6. 68 7.21 7.93
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Table 6 Calculation value and experiment value of inlet flue

gas temperature of heat pump with different boiler

loads
fufar /% AR/ C O SLIREE/C O MXHRZE/ %
100 59.1 54. 6 8.2
75 42.2 40.5 4.2
50 32.4
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Fig. 3 Performance of compression heat pump waste heat
recovery system varied with refrigerant flow rate

under full load in boiler
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