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Performance Analysis of Microturbine CHP System with Absorption Chiller
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ABSTRACT: The performance of a microturbine CHP system equipped with an absorption
chiller was analyzed by modeling it. The microturbine with recuperator was simulated with
the Brayton cycle model. The mass flow rate and available heat energy of the exhaust gas
from the microturbine were simulated. These results were utilized as input values for the
generator of the absorption chiller. The absorption chiller 1s a single—effect air cooled type
with a solution heat exchanger. The heat input into the generator was proportional to the
heat transfer rate and the UA wvalues of the heat exchangers of the absorption chiller. Fur-
thermore, the COP of the absorption chiller increased with respect to an increase of the heat
input into the generator, under the sufficient evaporator capacity condition. When the capacity
of the CHP system increased from 30 to 60 kW, the mass flow rate of the LiBr for the
absorption chiller doubled, and the UA values for evaporator and condenser increased by
factors of x3.9 and x3.4, respectively, under the same COP condition.
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Fig. 1 Schematic of microturbine.




488 &

Table 1 Specifications of the 60 kW microturbine

Descriptions Values
Compressor pressure ratio 41

Exhaust flow rate 05 kg/s
Compressor efficiency 0.95
Turbine efficiency 0.95
Generator efficiency 0.94

Heat input to combustion 310 KW

chamber
Heat exchange rate of 134 kW
recuperator

2000

1500

1000

=]

T[C]

500

50 55 | 6.0 6.5 7.0 7.5 8.0 8.5
s [kJikg-K]

Fig. 2 T-s diagram for the 60 kW mucroturbine.
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Fig. 3 Schematic of absorption chiller.

Table 2 Input and output values of the absor-
ption chiller simulation

Components Inputs Results
o UAg, P2, T3, x3, mu
o Mass flow rate and inlet
Ta, x4
and outlet temperature of hs
Generator & the exhaust gas at gene- T

Condenser rator b Q
C
o Mass flow rate and tem-
) ) UAc
perature of inlet air at
condenser

o Py
> Mass flow rate and tem— | Qe

Evaporator perature of inlet water at | UAe
evaporator
: h2, hs
Solution HX Qhx Ul
o Mass flow rate and tem- 0
Absorber perature of inlet air at ij
a

absorber
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Table 3 Assumptions for the thermodynamic
states and processes of the working
fluid across the absorption chiller

Components Assumptions

Generator & |Saturated liquid water at point

Condenser 8 under P2

Expansion Constant enthalpy process
valve from point 8 to 9
Pump Constant enthalpy process

from point 5 to 6
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Effects of exhaust temperature on the
concentration of LiBr solution of the
absorption chiller.
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Fig. 5 Effects of exhaust temperature on the

mass flow rate of the LiBr solution of
the absomption chiller.
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Fig. 6 Effects of exhaust temperature on the
heat transfer rate of the heat exchan-
gers of the absorption chiller.
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Fig. 7 Effects of exhaust temperature on the
overall heat transfer coefficient of the
heat exchangers of the absorption chi-
ller.
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Fig. 8 Effects of exhaust temperature on the
COP of the absorption chiller.
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Table 4 Comparison of the capacities of absor-
ption chillers utilized for the 30 kW
and the 60 kW microturbine

Design CHP system | CHP system
parameters of 30kW of 60 kW
my (kg/ s) 0.5 1
Qa (kW) 77.64 152.1
Qc (kW) 56.55 1125
Qg (kW) 79.8 156.3
Qhx (kW) 18.3 18.3
Qe (kW) 54.4 108.3

UAa (kW/K) 5.25 17.59
UAc (KkW/K) 4.23 9.53
UAe (KW/K) 8.07 31.6
UAg (kW/K) 0.96 0.96
UAhx (kW/K) 1.01 1.05

COP 0.68 0.69
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