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Abstract  In this proposed integrated power and cooling plant, water/steam is the 
working fluid and it offers a cost-effective solution compared to aqua-ammonia- 
based plant. In only cooling system, i.e., without steam turbine, a more amount of 
heat (sensible heat of vapor and latent heat) is rejected at the condenser. So, this 
integration minimizes the condenser load by limiting to latent heat rejection only. 
The plant results 70 kW of power and 433 kW of cooling at the optimized condi-
tions of strong solution (1 kg/s and 0.48 concentrations) and the supply tempera-
ture of 250 °C.
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1 � Introduction

The LiBr-water vapor absorption refrigeration (VAR) system is suitable at the 
cooling requirement above 0  °C. The latent heat of water is high compared to 
other working fluids and so, it absorbs more heat at the evaporator and results high 
coefficient of performance (COP). Florides et al. [1] designed and constructed a 
single effect VAR plant and recommended 0.58 strong solution concentrations at 
high sink temperature of 35 °C. An experiment has been carried out by Asdrubali 
and Grignaffini [2] on single effect LiBr-water VAR system and used an electrical 
heater in a boiler. They did experiment at different mass flow rates and various 
conditions of condenser, absorber, and evaporator.
To avoid the crystallization formation, James et al. [3] tested the refrigera-

tion cycle by adding various additives and provided suitable additives for high 
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temperature application. Similarly the water is mostly used for power produc-
tion but the cost for making the water into steam is high so the researcher and 
scientists tried, direct steam solar thermal power plant. [4]. Yongping Yang et al. 
[5] explained the low heat solar thermal power plant and oil as thermic fluid and 
produces maximum power. The design and cost analysis is done for solar thermal 
power plant is connected to the grid by Montes [5]. Whatever the solar thermal 
power plant the separate power should be used for refrigeration cycle. To avoid 
the power to the refrigeration cycle the integration is needed with common work-
ing fluid. The integration of power and refrigeration cycle and helps to reduce the 
power used for refrigeration cycle, hence the vapor compression cycle still needs 
power for compressor. The LiBr-Water vapor refrigeration is good for cooling, 
but maintaining the vacuum is needed. The water is common for both power and 
cooling cycle, for the power it requires high pressure but for cooling less than 
atmospheric pressure. For both industrial and domestic needs power and cooling 
at a time, hence integration of power and cooling cycle helps to satisfy the need 
of power and cooling and reduces the power used for the cooling cycle. The main 
objective of this is paper is integration of solar power and cooling cycle and anal-
ysis are made to find the suitable working condition and parameters. The same 
author’s presented a paper about power and cooling run on aqua-ammonia cycle 
and explained more energy is available at the exit of the generator [6]. The thermo 
physical properties of LiBr-water are carried out by the equation proposed by 
Kaita [7] and ASHRAE [8].

1.1 � Assumptions and Thermodynamic Equations

•	 The absorption and condenser exit temperature is maintained as 30 °C.
•	 The pinch point variation is 10 °C.
•	 The isentropic efficiency of the pump and turbine is 75 %.
•	 The mechanical efficiency of pump and turbine is 96 %.

Thermodynamic equations:

For power

For cooling

For generator

(1)m4 = (x11 − x3)/(x11)

(2)m11 = (x3)/(x11)

(3)W = m5(h5 − h6)

(4)E = m9(h9 − h8)

(5)QG = m4h4 + m11h11 − m3h3
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For re-heater

For efficiency

2 � Principle and Working

The proposed cycle has a power cycle followed by the refrigeration cycle and 
interlinked as shown in the Fig. 1. Similar to the refrigeration cycle the absorber 
and pump is used as heat absorption and increasing pressure respectively. At the 
exit of the turbine the high pressure and temperature is there to run the turbine, 
so turbine is placed. The Reheater is provided next to the generator to make the 
water into superheated state. At the exit of the turbine the pressure is maintained as 
atmospheric pressure and the condenser is used to condense the water vapor.
The expansion valve used to expand up to absorber pressure, evaporator is 

placed as same as in the refrigeration cycle. The liquid mixture of LiBr-water 
from absorber is pumped into the generator via heat exchanger. As difference in 
the boiling point the water evaporates and pure water vapor moves to the super 
heater. The advantage of LiBr—water VAR is no need of reflux condenser as in 
aqua ammonia cycle. The water vapor is from generator is superheated before the 
turbine to get more power output. The proposed cycle has a power cycle followed 
by the refrigeration cycle and interlinked as shown in the Fig. 1. Similar to the 
refrigeration cycle the absorber and pump is used as heat absorption and increas-
ing pressure respectively. At the exit of the turbine the high pressure and tempera-
ture is there to run the turbine, so turbine is placed. The Reheater is provided next 
to the generator to make the water into superheated state. At the exit of the tur-
bine the pressure is maintained as atmospheric pressure and the condenser is used 
to condense the water vapor. The expansion valve used to expand up to absorber 
pressure, evaporator is placed as same as in the refrigeration cycle.
The liquid mixture of LiBr-water from absorber is pumped into the generator 

via heat exchanger. As difference in the boiling point the water evaporates and 
pure water vapor moves to the super heater. The advantage of LiBr—water VAR 
is no need of reflux condenser as in aqua ammonia cycle. The water vapor is from 
generator is superheated before the turbine to run the turbine more efficient. After 
work done by the turbine the exit is saturated water vapor with low pressure and 
low temperature. Because of the low pressure and temperature the condenser load 
is reduced for refrigeration cycle. Low pressure is needed for the water to com-
plete refrigeration cycle, so the exit pressure of the turbine is fixed as 1.013 bar 
(atmospheric pressure). The liquid water is expanded from atmospheric pressure to 
absorber pressure that is the useful cooling is used in the evaporator.

(6)QSH = m5(h5 − h4)

(7)η =
m5(h5 − h6) + m9(h9 − h8) − m2(h2 − h1)

m4h4 + m11h11 − m3h3 + m5(h5 − h4)
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3 � Results and Discussion

The power and cooling output will vary as shown in the Fig. 2 and it depends on 
the working fluids. The aqua-ammonia as working fluids shows maximum power 
and cooling output of 18.6  kW and 107  kW, respectively [6]. The enthalpy of 
vaporization for ammonia is less compared to the LiBr-H2O pair and produces less 
power and cooling. The LiBr-H2O pair produces more power and cooling but the 
cooling temperature is more than 0 °C and aqua–ammonia pair is best suitable for 
less than 0 °C. Absorber concentration of 0.45 and 30 °C produces cooling tem-
perature of −12 °C and reflux condenser exit concentration of 0.99 [9].

Fig. 1   Energy flow diagram of the proposed combined power and cooling cycle
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Figure 3 shows the power produced by turbine in the interlinked VAR cycle. 
Increase in the collector exit temperature increase input load to the generator, so 
more water vapor will be produced by the generator. More water vapor results 
increase in concentration of LiBr into the water and exit concentration is limited 
to x = 0.6 to avoid the blockage in the heat exchanger. The absorber concentra-
tion plays a major role in production of power because of the mass variation. At 
the low concentration of x = 0.48, it gives maximum power output of 69.28 kW. 

Fig. 2   Changes in specific power output with change in supply temperature and strong solution 
concentration

Fig. 3   Comparison of outputs (power and cooling) at two options in working fluids
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Whereas high concentration of x  =  0.52 it gives maximum power output of 
39.22 kW and the operating temperature is low.
As similar to the power the cooling also gets increased as the same mass as 

shown in the Fig. 4. The latent heat of water is high and gives more cooling load 
output compared to the ammonia cooling load. In this proposed cycle it gives max-
imum cooling load of 433.56  kW at x  =  0.48 and temperature of 250  °C. The 
cooling load is increases with respect to solar exit temperature that is directly pro-
portional to the solar trough collector input load the generator. Water is used as 
thermic fluid for parabolic trough collector.

Fig. 4   Variations in cooling 
output with a change in 
source temperature and 
strong solution concentration

Fig. 5   Energy efficiency of 
integrated power and cooling 
cycle with changes in strong 
solution concentration and 
supply temperature at the 
sing temperature of 30 °C
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The addition of turbine for producing the power in the refrigeration cycle does 
not affect the cooling performance. The absorber concentration of x =  0.48 has 
lowest and highest possible working temperature range of 170–230  °C whereas 
the x = 0.52 limited working temperature range of 170–200 °C. The return solu-
tion concentration from the generator is limited to x = 0.6, so there is variation in 
temperature working range.

The efficiency of integrated cycle is increased and also depends on the absorber 
concentration and atmospheric conditions. The proposed cycle produces maximum 
efficiency of 58 % as shown in the Fig. 5 and it is high compared to aqua-ammo-
nia pair at 30 °C atmospheric temperature [6].

4 � Conclusion

The integration of power and VAR cycle improves the energy utilization and also 
reduces the condenser load. The strong solution concentration, 0.48 with the com-
bination of 250 °C source temperature results 9.6 bar pressure at the turbine inlet. 
At these conditions, the maximum specific power is 70 kW and maximum cooling 
is 433 kW obtained at optimum conditions.
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