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Abstract >> This paper presents the analytical results of the thermodynamic performance characteristics for a
cogeneration system using regenerative organic Rankine cycle (ORC) driven by low-grade heat source. The
combined heat and power cogeneration system consists of a regenerative superheated ORC and an additional process
heater in a series circuit. Eight working fluids of R134a, R152a, propane, isobutane, butane, R245fa, R123, and
isopentane are considered for the analysis. Special attention is paid to the effect of turbine inlet pressure on the
system performance such as thermal input, net power and useful heat productions, electrical, thermal, and system
efficiencies. The results show a significant effect of the turbine inlet pressure and selection of working fluid on
the thermodynamic performance of the system.

Key words : ORC(-7|= 71 A}o]&), Combined heat and power(CHP, &®$tAl), Series circuit(ZE d14),
Working fluid(ZH5-3-A)), Thermodynamic performance(E %st% Al%)

Nomenclature Pu  : turbine inlet pressure, bar
Q : heat transfer, kW
¢, :specific heat, kJ/kg°C Q, : process heat transfer, kW
h : specific enthalpy, kl/kg Q:  : heat transfer at regenerator, kW
m  :mass flow rate, kg/s q : specific heat transfer, kl/kg
P : pressure, bar T : temperature, K or °C
p : reduced pressure Tc  : coolant temperature, °C
Tu  : turbine inlet temperature, °C
T.  : condensation temperature, °C
TCorresponding author : manhoe.kim@knu.ac.kr Ts : source temperature, °C
Received : 2015.5.8 in revised form : 2015.6.7 Accepted : 2015.6.30 Tse : source exhaust temperature, °C

Copyright (©) 2015 KHNES

278



A G717 22 o] g3 AE By

Tso : source outlet temperature, °C
Wit : net power production, kW

w  : specific work, kl/kg

W : power, kW

ATy, : pinch temperature difference, °C

n : isentropic efficiency

N : thermal efficiency
Subscripts

cr : critical

p :pump/process heat
PR : process-heat return
PS : process-heat supply
s :source
t :turbine

w : working fluid
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Fig. 1 Schematic diagram of the system
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Table 1 Basic data for working fluids

M Ter Per

substance (ke/kmol) ©0) (MPa) ®
R134a 102.031 106.85 3.690 0.239
R152a 66.051 113.45 4.499 0.263
propane 44.096 123.67 4.249 0.152
isobutane 58.123 134.99 3.648 0.177
butane 58.123 152.03 3.797 0.199
R245fa 134.0482 | 154.05 3.640 0.372
R123 136.467 183.75 3.674 0.282
isopentane 72.15 187.28 3.381 0.228
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Fig. 2 Source heat in accordance with working fluids for
various turbine inlet reduced pressure
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Fig. 5 Process heat in accordance with working fluids for
various turbine inlet reduced pressure
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fluids for various turbine inlet reduced pressure
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