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Effects of Working Fluids on the Peformance Characteristics of Organic
Rankine Cycle (ORC) Using LNG Cold Energy as Heat Sink
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'Department of Mechanical Engineering, Kumoh National Institute of Technology,
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Abstract >> This paper presents thermodynamic performance analysis of organic Rankine cycle (ORC) using low
temperature heat source in the form of sensible energy and using liquefied natural gas (LNG) as heat sink to
recover the cryogenic energy of LNG. LNG is able to condense the working fluid at a very low condensing
temperature in a heat exchanger, which leads to an increased power output. Based on the mathematical model,
a parametric analysis is conducted to examine the effects of eight different working fluids, the turbine inlet pressure
and the condensation temperature on the system performance. The results indicate that the thermodynamic
performance of ORC such as net work production or thermal efficiency can be significantly improved by the LNG
cold energy.

Key words : Organic Rankine cycle(8-7] @71 Alo]Z), Low-temperature heat source(#]-2 E-¢), LNG(H3} A
7}2~), Heat sink(Z24 ), Cold energy(\d &)

Nomenclature Qu : heat input rate, kKW
T : mass flow ratio
h : specific enthalpy, kJ/kg Tc  : condenser outlet temperature, K or °C
M : molar mass, kg/kmol T critical temperature, K
m  : mass flow rate, kg/s Ty : turbine inlet temperature, K or °C
P : critical pressure, bar Ts  : source temperature, K or °C
Py : turbine inlet pressure, bar UA : heat transfer capability, kW/K
Pu. : LNG pressure, bar Wit : net work production, kW

Vie : quaulity at turbine exit
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n : isentropic efficiency
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nn  : thermal efficiency efficiency
0) . eccentric factor
Subscripts

cd : condenser

ev : evaporator

: LNG
p : pump
t : turbine

w : working fluid
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Table 1 Basic data for working fluids

Substance M I Por w
(kg/kmol) | (K) (bar)
R143a 84.041 346.25 37.58 0.253
R22 86.468 369.30 49.71 0.219
Rl134a 102.031 380.00 36.90 0.239
R152a 66.051 386.60 44.99 0.263
isobutane 58.123 408.14 36.48 0.177
butane 58.123 425.18 37.97 0.199
R245fa 134.048 427.20 36.40 0.372
R123 136.467 456.90 36.74 0.282
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Fig. 6 Heat input for Tc=-20°C
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Fig. 7 Heat transfer capability for Tc=-20°C
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Table 2 Condensation pressure of working fluids

Substance condensation pressure (bar)
T, = -20°C T. = 30°C

R143a 3.160 14.395
R22 2.449 11.902
R134a 1.295 6.833
R152a 1.228 6.691
isobutane 0.744 4.093
butane 0.455 2.841
R245fa 0.201 1.764
R123 0.123 1.092
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