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ARTICLE INFO ABSTRACT

. In this research, two different structures of the combined system of supercritical
Article type: Brayton cycle of carbon dioxide with regenerator along with organic Rankine cycle
Research Paper and also the combined system of supercritical Brayton cycle recondensation with
organic Rankine cycle with heliostat collector from the point of view of energy and
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economic-exergy simulated and compared. R123 fluid has been used in organic cycle
due to its suitable thermophysical and environmental properties. The results indicate
that with the change of the influencing parameters such as the compressor pressure
ratio and the turbine inlet temperature, the work output of the system with the
regenerator has been higher in all the examined efficiencies, but the exergy efficiency
of the recompression system is higher in the ratio of low pressures in the compressor.
Also, despite the higher overall cost rate of the system with the regenerator, this system
creates a lower electricity production cost. Other simulation results indicate that the
highest amount of exergy destruction occurs in the solar collector that is about 9726
kW. And the solar collector, having the highest cost rate, should be examined more
than other components from an exergy-economic point of view. Finally, a parametric
analysis has been done the effects of the change in compressor pressure ratio with

3485%/h, turbine inlet temperature, and low pressure, on the performance of the system,

Exergoeconomic, . )
from the perspective of energy and exergy-economics.

Parametric study.
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1. Introdution

In the past years, many studies have been conducted on the use of the gaseous Brayton cycle, carbon
dioxide Brayton cycle, Rankine cycle, and the combined cycle of the above two modes to produce
power. However, a comparison between the current two-cycle and a solar drive has been made in
detail from an economic point of view. The present article decided to conduct a more detailed study
from the economic perspective of exergy. In this research, the thermodynamic characteristics of the
cycles have been investigated and their performance optimized. The conducted research includes
models for energy, exergy, and economic analysis of these cycles, as well as the innovation of using
the heliostat collector and the effect of changing the area of the mirrors used in it, which are
mentioned below.

2. Methodology

The schematic of the combined Brayton cycle of supercritical carbon dioxide with regenerator can be
seen in Figure 1, and the Brayton cycle of supercritical carbon dioxide under condensation in Figure 2,
and the graph of temperature changes according to the heat transfer rate in the organic evaporator and


https://ses.ut.ac.ir/
https://doi.org/10.22059/ses.2024.378320.1077
https://doi.org/10.22059/ses.2024.378320.1077
https://orcid.org/0000-0002-1570-011X
https://orcid.org/0009-0005-5646-9646

174 Journal of Sustainable Energy Systems, Vol. 3, No. 2, Spring 2024

condenser of the organic cycle can be seen in Figures 3 and 4. As seen in Figure 1, in the recovery
cycle, a recovery converter is used to transfer the heat of the turbine output flow to the compressor
output flow, but in the recompression cycle according to Figure 2, before entering the compressors 1
and 2, at point 8, carbon dioxide The oxide is separated into two parts. A part with flow rate (1—x) m
first decreases in temperature in two stages of the organic evaporator and cooling heat exchanger, and
then in point 1 of carbon dioxide by compressor numberl, the pressure increases and consequently the
temperature increases. The other part with a flow rate of xm directly enters compressor number 2 (x is
the variable flow rate used during the process). Carbon dioxide increases in temperature after
compressor 1 and before entering the turbine in two stages and after compressor 2 in one stage. First,
the temperature increase is done by two recovery converters. In the next step, the temperature is
increased by the solar collector. The carbon dioxide output from the turbine, as mentioned, is first
converted into carbon dioxide output from the compressor in the recovery heat exchangers, and then in
the organic cycle evaporator, to the organic fluid, and in the cooling exchanger, to water with the
ambient temperature. By reducing the inlet temperature to compressor 1, the required work is also
reduced. As explained in the introduction, one of the advantages of using carbon dioxide working fluid
at a pressure close to and above the critical pressure at the turbine outlet and compressor inlet is the
significant reduction of carbon dioxide density in this area, which reduces the work required of the
compressor and Increase the overall output work and cycle efficiency. The lower organic Rankine
cycle is also a common 4-component cycle that generates output power in the organic turbine. Also, in
this research, R123 organic fluid is used in the organic cycle due to its thermophysical and
environmental properties.

3. Results and discussions

In this part, firstly, the performance of the desired systems in the basic input mode has been compared
and investigated. For the simulation of hybrid systems, the basic input items are according to Table 3.
Using the input items and mass and energy conservation equations and relations related to economic
exergy analysis, the output values are presented in Table 4. In this case, according to the work table,
the output of the Rankine cycle in combination with the cycle with the regenerator is significantly
higher than the recompression cycle. Because the output fluid of the carbon dioxide turbine is reduced
in temperature in the cycle with the regenerator in one heat exchanger and the recondensation cycle in
two heat exchangers, a higher temperature is obtained as the driver of the organic Rankine cycle in the
cycle with the regenerator, which causes a higher production flow rate. Organic cycle and the higher
work output of organic cycle. With the same work as the carbon dioxide turbine, due to the presence
of two compressors in the recompression cycle and the lack of cooling of part of the carbon dioxide
that enters compressor 2, the two compressors require more work than the single compressor of the
recovery cycle, which causes The work of the cycle with the regenerator is increased compared to the
recondensation cycle.
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