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Part-load performance analysis of cogeneration system for
engine waste heat recovery

TIAN Hua, JING Dongzhan, WANG Xuan, LIU Peng, YU Zhigang
(State Key Laboratory of Engines, Tianjin University, Tianjin 300350, China)

Abstract: Recovering exhaust waste heat of gas fuel engines is an effective way to improve energy utilization rate.
A cogeneration system inclusive of a steam Rankine cycle and an absorption refrigeration cycle is proposed to
recover exhaust waste heat of a gas fuel engine. An off-design simulation model is established to analyze part-load
performance of the cogeneration system in connection with the characteristics of variable engine load. The results
show that the equivalent efficiency of cogeneration system is reduced by 2.14% when the engine load drops from
100% to 40%. Moreover, the improvement of system’s total efficiency reduces by only 1.64%. Therefore, the
cogeneration system shows excellent part-load adaptability. It should be noted that the absorption refrigeration
cycle cannot operate normally under 40% engine load due to the crystallization of H,O-LiBr solution, which can

provide the reference for the practical operation.
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Table 1 Main parameters under different engine loads

Exhaust mass

Engine Effective Exhaust Engine thermal

flow rate A
load/%  power /kW temperature /K P efficiency /%
g's
40 400 751.15 0.7272 27.50
50 500 768.15 0.8020 30.60
60 600 782.15 0.9752 32.30
70 700 793.15 1.1112 34.00
80 800 803.15 1.1736 35.00
90 900 809.15 1.3194 35.30
100 1000 813.15 1.5625 36.50
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Table 4 Design parameters of each point

State ~ Temperature  Pressure Mass flow Specific enthalpy

point /'C /kPa /kg's! /kJ-kg™!
1 312.38 2000 0.2294 3052.70
2 35 5.629 0.2294 2301.30
3 35 5.629 0.2294 1466.30
4 35.17 2000 0.2294 1491.40
5 540 101.325 1.5625 861.42
6 151.04 101.325 1.5625 440.75
7 100 101.325 1.5625 387.42
8 39 0.8726 0.3753 101.55
9 68.60 8.6508 0.3753 160.30
10 91.99 8.6508 0.3508 222.83
11 59 8.6508 0.3508 159.97
12 87.50 8.6508 0.0245 2663.80
13 43 8.6508 0.0245 2578.90
14 5 0.8726 0.0245 21.02
15 12 101.325 2.7208 50.51
16 7 101.325 2.7208 29.53
17 32 101.325 4.1979 134.18
18 36.53 101.325 4.1979 153.12
19 40 101.325 4.1979 167.62

Parameter Present work Ref. [29] Relative error /%
power /kW 130.20 135.30 3.80
efficiency of RC 0.19 0.185 2.70
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Table 3 Validation results of ARC

Parameter Present work Ref. [30] Relative error /%
Ty/°C 80.31 81.82 1.88
Ty/°C 90.51 90.08 0.47
Ty, /°C 87.20 83.39 435

Xyeak /% 56.00 56.50 0.81
Kete /% 59.00 59.50 0.77

Oeva kKW 98.76 100.89 2.16

Ccop 0.76 0.78 2.63
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Table 5 Design parameters of heat exchangers

Component Area/m?
EVALl 57.00
GEN 20.64
CON2 6.24
EVA2 8.05
ABS 7.83
SHX 7.23
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