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Performance Analysis of a Combined Power Cycle Utilizing
Low-Temperature Heat Source and LNG Cold Energy
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Abstract >> Power generation cycle using ammonia-water mixture as working fluid has attracted much attention
because of its ability to efficiently convert low-temperature heat source into useful work. If an ammonia-water

power cycle is combined with a power cycle using liquefied natural gas (LNG), the conversion efficiency could
be further improved owing to the cold energy of LNG at -162°C. In this work parametric study is carried out
on the thermodynamic performance of a power cycle consisted of an ammonia-water Rankine cycle as an upper

cycle and a LNG cycle as a bottom cycle. As a driving energy the combined cycle utilizes a low-temperature

heat source in the form of sensible heat. The effects on the system performance of the system parameters such

as ammonia concentration (z,), turbine 1 inlet pressure (PHI) and temperature (TH1 ), and condenser outlet

temperature (77 ) are extensively investigated. Calculation results show that thermal efficiency increases with the

increase of 7, 77 and the decrease of 77 , while its dependence on z;, has a downward convex shape. The

changes of net work generation with respect to 7, 77, 77, and z, are roughly linear.

Key words : Combined cycle(E&}F AFo]&), Ammonia-water mixture (Y Y o5& £¢5E), LNG(3} A A7Fn),
Low-temperature heat source(#]-2 &), Cold energy(\J &)

Nomenclature Py

S

h  : specific enthalpy, kJ/kg T

M : molar weight, kg/kmol Ty

P : pressure, bar 7y

P, : turbine inlet pressure, bar T,
T
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: condensing pressure, bar

. specific entropy, kJ/kgK

: temperature, K or C

: turbine inlet temperature, K or C

: condenser outlet temperature, K or C
: source temperature, K or C

: mole fraction of ammonia

: specific volume, m*/kg

: isentropic efficiency of pump
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n, : isentropic efficiency of turbine
Subscripts

: ammonia-water cycle
: LNG cycle

: ammonia

: saturated liquid

: saturated vapor

. water
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Table 1 Thermodynamic properties of system at 7, = 300°C,
Py = 30bar, 7; =-40°C, z, = 70%

No T P v h 5
(c) (bar) (m®/kg) | (kJ/kg) | (kJ/kgK)
1 -40 0.43 0.001 -387.55 | -0.907
2 | -39.59 30 0.001 38177 | -0.899
3 300 30 0.09 2264 6.142
4 42,65 0.43 3.41 1634 6.651
5 | -164.5 1.01 0.023 5526 | -11.544
6 | -159.4 40 0.023 -4413 -11.51
7 22.65 40 0.036 -4658 -6.855
8 | -86.23 4 0.234 -4858 -6.569
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Fig. 2 Plot of heat addition per unit mass of source fluid
against ammonia concentration for various turbine 1 inlet pressure
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Fig. 3 Plot of heat rejection per unit mass of source fluid
against ammonia concentration for various turbine 1 inlet pressure
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F gt Ha B 1,7k Sl FEFol o
of wel F7FskA Hrt.

Fig. 3o A= ol et eyl 19] gleted
P, o) Wstel] et dUg| dNHY P

=
HolETh Fig 2014137, Py 0] Z7184% W

>

AT BErt FolAA| Hu viE Py, o] 84
2 feobxiy| ol Fig. 3ol o} o]
w2 welso] B, o] Y u Ags)A7] wolck
Qrole] Fwvt o & welli £y o WE &
A1) Ffoliz mlm]shelc

Fig. SolAt erauol swek el 1 97et
Py, o] Wiafol] TiE A 28l0) AESS Hojzek
o] £248 AARo] Ange A5 B o
Yol o] thte] A= el Aigo]
sfehrh 70% A5E AAR TH) E7ha,

i

al _50 18,

B



43

—00— 15 —>—30
[ Py [Par]l —o—20 —0—35

—a—25
42 ——40

Thermal efficiency [%]

"= .a0°C

38 'l 'l 'l 1
50 60 70 80 90 100

Ammonia concentration [%]

Fig. 5 Plot of thermal efficiency against ammonia concentration
for various turbine 1 inlet pressure
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Fig. 7 Plot of thermal efficiency against ammonia concentration
for various turbine 1 inlet temperature
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