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Fig. 2 Net power output and relative deviation A, with

evaporation temperature
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Table 1 Goodness of fit R* and maximum relative deviation A, of optimal conditions between TPC and ORC
T Third Lo Wi N
€ R’ Aol % R Avil% R Anl%
R32 96.6 0.9811 1.88 0.9953 2.38 0.8916 6.11
R1270 108.3 0.9942 2.37 0.9984 2.37 0.9638 6.21
R1234yf 111.6 0.9975 1.46 0.9993 1.69 0.9825 4.18
R290 114.5 0.9963 2.26 0.9990 2.17 0.9768 5.65
R134a 119.8 0.9980 1.88 0.9995 1.66 0.9888 442
R227ea 118.8 0.9989 1.71 0.9999 0.57 0.9977 3.04
R1234ze 129.0 0.9989 1.67 0.9997 1.41 0.9935 3.79
R152a 135.4 0.9986 2.32 0.9997 1.57 0.9933 4.54
RC318 133.2 0.9996 0.91 0.9975 2.42 0.9903 221
R236fa 143.2 0.9997 1.57 0.9999 0.55 0.9996 2.01
R600a 157.0 0.9994 2.62 1.0000 0.87 0.9984 3.69
R236ea 165.6 0.9998 1.44 0.9995 1.27 0.9988 1.06
R600 176.9 0.9997 2.42 1.0000 0.37 0.9996 2.67
R245fa 179.4 0.9999 1.61 0.9999 0.59 0.9998 1.43
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®2 MUERBEZBRAX(10)MWEERKLSKHE

Table 2 Correction factor k, goodness of fit R* and maximum relative deviation A, of Eq. (10) compared with ORC or TPC

ORC TPC
T
k R Al % k R Al %o
R32 0.0031 0.999 0.69 0.0024 0.999 0.34
R1270 0.0021 0.999 1.33 0.0018 0.998 0.57
R1234yf 0.0016 0.998 0.68 0.0014 0.998 0.71
R290 0.0019 0.999 1.31 0.0016 0.998 0.66
R134a 0.0017 0.999 1.15 0.0015 0.998 0.72
R227ea 0.0012 0.998 1.11 0.0011 0.997 0.92
R1234ze 0.0015 0.998 1.03 0.0013 0.998 0.87
R152a 0.0019 0.999 1.83 0.0017 0.999 0.77
RC318 0.0010 0.998 1.15 0.0010 0.997 1.19
R236fa 0.0012 0.998 1.54 0.0011 0.998 1.12
R600a 0.0013 0.999 2.84 0.0012 0.998 1.18
R236ea 0.0010 0.998 2.51 0.0010 0.998 1.40
R600 0.0012 0.999 3.26 0.0011 0.998 1.35
R245fa 0.0011 0.999 2.68 0.0011 0.998 1.42
%3 BASHHDZRAR (1) HOHE F4 RUTRTAKEZRAR(12)WEERN SHE
Table 3 Goodness of fit R* and maximum relative deviation Table 4 Correction factor ¢, goodness of fit R* and maximum
A,.. of Eq. (11) compared with ORC or TPC relative deviation A, of Eq. (12) compared with ORC or TPC
ORC TPC ORC TPC
T T
R Al % R A/ % c R A% c R A%
R32 0.987 2.66 0.993 0.76 R32 1.0048 0.988 4.11 09725 0997 1.15
R1270 0.989 2.95 0.991 1.04 R1270  0.9910 0.987 5.10  0.9641 0.997 1.56
R1234yf 0.992 2.51 0.993 0.92 R1234yf 0.9766 0991 3.59 09578 0.997 1.32
R290 0.991 2.80 0.991 1.12 R290 0.9859 0988 492 09623 0.997 1.64
R134a 0.994 223 0.991 1.11 R134a 09806 0.989 4.42  0.9634 0.996 1.76
R227ea 0.992 2.01 0.993 1.05 R227ea 09575 0991 4.16 09522 0.996 1.70
R1234ze 0.994 2.03 0.990 1.27 R1234ze 0.9748 0.990 4.14  0.9604 0.996 1.83
R152a 0.995 1.62 0.987 1.49 R152a 09843 0.988 5.05 0.9687 0995 2.12
RC318 0.973 3.14 0.991 1.21 RC318 0.9300 0.993 3.08  0.9484 0.996 1.87
R236fa 0.986 1.85 0.988 1.51 R236fa 09572 0991 4.16 09571 0.995 2.20
R600a 0.987 1.74 0.984 1.95 R600a  0.9683 0.988 5.53 09611 0994 2.65
R236ea 0.976 2.98 0.984 2.02 R236ea 0.9502 0991 446 09582 0993 296
R600 0.979 2.58 0.980 2.46 R600 0.9659 0988 545 0.9638 0.993 3.06

R245fa 0.977 2.82 0.980 2.43 R245fa  0.9616 0.990 4.74 0.9637 0992 3.15
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TRAPEZOIDAL CYCLE AND THEORETICAL STUDY OF SIMULATING
ORGANIC RANKINE CYCLE

Li Xinguo, Zhai Zhe
(School of Mechanical Engineering , Tianjin University , Tianjin 300350, China)

Abstract: Trapezoidal cycle (TPC) and its theoretical model are proposed based on organic Rankine cycle (ORC). The
deviation between TPC and ORC is analyzed. The analyses show that when evaporation temperature is 5 “C lower than the
critical temperature of the working fluid, the deviation between TPC and ORC is lower than 5%. The relative deviations
of evaporation temperature, maximum net output work and thermal efficiency under the optimized working condition are
lower than 2.62% , 2.42% and 6.21% , respectively. Based on the empirical equations of evaporation temperature,
maximum net output work and thermal efficiency under the optimized working conditions presented by previous work , the
analyses of deviation and application range were carried out to get the relative deviations of the optimal evaporation
temperature, maximum net output work and thermal efficiency between the empirical equations and ORC (and TPC) are
lower than 3.26% (1.42%) , 3.14% (2.46% ) and 5.53% (3.06% ) , respectively. The trapezoidal cycle and empirical
equations can break through the restrictions of actual working fluids and the configuration of the cycle , perform extended
research of the ORC and investigate the general thermodynamics principles of the ORC (or TPC).

Keywords: organic Rankine cycle; trapezoidal cycle(TPC) ; empirical equations; deviation analysis



