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Abstract: Supercritical carbon dioxide (sCO2) power cycle is the emerging technology for next generation nuclear reactors. 
Brayton cycle using supercritical carbon dioxide as working fluid is an innovative concept for converting thermal energy 
into electrical energy and beats the conventional thermal power generation cycles because of its compact turbomachinery, 
enhanced safety, and cycle efficiency. Among the several promising layouts of sCO2 cycle, recompression cycle is the most 
attractive in terms of cycle efficiency as it uses a fraction of the flow and recompression is performed without rejecting heat 
in the environment. This paper presents an investigation and optimization of a recompression supercritical carbon dioxide 
cycle. A thorough analysis has been carried out to understand the effect of significant parameters such as recompression 
fraction ratio, inlet pressure to the main compressor, effectiveness of the high temperature recuperator (HTR) and low 
temperature recuperator (LTR) on the cycle efficiency. An iterative approach is used to measure the state point conditions 
for all the cycle components. The optimization of the recompression fluid fraction has also been performed which shows that 
a maximum cycle efficiency of 45% is achieved with a mass fraction of 0.80 with 7500kPa main compressor inlet pressure. 
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I. INTRODUCTION 
 
The conventional fossil fuel energy resources are 
being consumed at an alarming state thus urging to 
explore new suitable and efficient ways. The 
sustainable renewable energy resources   such as   
wind, geothermal, biomass and solar   are considered 
to be the good replacements of fossil fuels.  
Researcher are more interested in finding the energy 
sources that have minimal effect on environment and 
global warming potential (GWP).  Carbon dioxide 
(CO2) has a GWP value of 1.2 and being non-toxic it 
is found to have zero impact on ozone depletion 
(ODP=0).  Moreover, CO2 has a near ambient critical 
temperature (31°C), superior economy, sustainable 
and easily available. These characteristic of CO2 
make it attractive to be used for power generation as 
an expedient working fluid than helium and water. 
Several researches were made in early 1960s in this 
regard considering different layouts by various 
groups[1-2] but this cycle was not accepted because 
of inadequate heat sources, less turbomachinery 
experience and inefficient heat exchangers. However, 
with the invention of printed circuit heat exchangers 
and material development, supercritical carbon 
dioxide is currently a major focus of scientific and 
engineering community. 
In commercial thermal power plants, Rankine cycle 
and Brayton cycle are considered to be most efficient 
and economical. The main difference between 
Brayton and Rankine is that Brayton cycle operates 
on a single phase gas while Rankine cycle works in a 
phase change process for vapors. sCO2cycle takes the 
advantage from each of these cycle  by   operating 
near transitional point.  Because of its high density at 
heat discharging process, compression work is 
comparatively small as compared to conventional 

Brayton cycle and turbomachinery size is reduced as 
compared to Rankine cycle.   Also,CO2 temperature 
profile is helpful to avoid pinching and is capable of 
providing a better match of heat source temperature 
glide in the supercritical region[3]. 
An interesting aspect of sCO2 cycle is that the total 
cycle efficiency depends on the minimum cycle 
pressure which shows that cycle efficiency can be 
increased by placing minimum pressure of cycle near 
critical point of CO2. [4]The heat capacity of CO2 
increases significantly near critical point whereas 
thermal capacitance has a higher value at high 
pressure side as compared to lower pressure side 
across the recuperator and it limits the maximum 
temperature rise resulting in lower cycle efficiency. 
To overcome this difficulty, recompression cycle is 
deliberated to be a best approach. 
In recompression cycle, Fig. 1, a fraction of the low 
pressure working fluid leaving the recuperator is 
diverted to bypass the precooler. It is then 
recompressed to the maximum cycle pressure in a 
second compressor and is remixed with the flow 
before entering the high temperature recuperator 
(HTR). It is prescribed that HTR presents a negligible 
difference in specific heats (Cp) for fluids on each 
side [5]. The reason for negligible difference is that at 
elevated temperature, CO2 tends to behave like an 
ideal gas. A significant part of the research activity 
concerns the operation prospect of recompression 
cycles using alternate heat sources such as waste heat, 
solar, and geothermal.[6] The main objective of this 
study is to provide an optimization for the split 
fraction has been performed by developing a 
MATLAB code together with REFPROP database to 
get the thermo physical properties of sCO2. In 
addition the effect of inlet pressure, effectiveness of 
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HTR and LTR and efficiency of turbine on cycle 
efficiency has been investigated. 
 
NOMENCLATUR 
 

 
 
II. THERMODYNAMIC ANALYSIS OF 
SUPERCRITICAL CO2 CYCLE  
 
2.1 Cycle layout 
The recompression sCO2 cycle increases the cycle 
efficiency byincreasing the HTR inlet temperature 
and resulting in a reduced exergy destruction in 
primary heat exchanger (PHX). Figure 1 and 2 show 
the schematic layout for sCO2 recompression Brayton 
cycle and the corresponding T-S diagram, 
respectively. The fluid leaving the low temperature 
recuperator (LTR), at state 10, is splitted into two 
stream (state 10a & 10b). The main stream (10a) 
flows towards the precooler where it is cooled and 
compressed in main compressor followed by a 
temperature increase in LTR. A fraction of stream 
(state10b) is sent to high side pressure of the 
Recompressor (RC) and is remixed with the main 
stream before entering the HTR. The remaining 
processes are similar to a simple Brayton power 
cycle. 

 
Fig.  1Layout of Recompression sCO2 Cycle 

 
Fig.  2 T-S diagram for recompression cycle 

 
Fig.4 Flow chart for 풔푪푶ퟐ recompression cycle 

 

 
Table1: Thermodynamic relation for each component 

 
2.2 Mathematical modelling 
The recompression cycle has been demonstratedon 
the basis of energy balance of each component with 
following assumptions; 
 
 All the processes are steady state. 
 Heat losses in the PHX and recuperatorsare 

negligible. 
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 Turbine and compressor processes are adiabatic. 
 Pressure losses in heat exchangers are taken in 

account using fractional pressure drop (FPD).  
The thermodynamic relations to describe each 
component are shown in Table 1.Split fraction "x" is 
computed using the relation given by Eq. (1) 
considering ideal splitting, mixing at splitting and 
mixing values respectively. 
x= ̇

̇ ̇
                                                    (1) 

 
2.3 Numerical simulation 
Numerical simulation is performed for the 
recompression sCO2 cycle with a code developed, 
flow chart is shown in Fig.  3 to analyze the system 
performance based on the above mentioned relations.  
The Matlab code developed quests for the state point 
values for all components using input parameters 
pressure ratio, inlet temperature and pressure for 
compressor, efficiencies of compressors and turbine, 
and effectiveness of recuperators based on energy 
balance equations of the components.  Initially,  
T6 value is assumed and solved iteratively to compute 
state point values using energy balance and 
effectiveness equations. Thermodynamic properties 
of CO2 are calculated using REFPROP database 
developed by National Institute of Standards and 
Technology (NIST)[7] developed on the Span and 
Wagner equation of state [8] which is known to be 
the best for carbon dioxide. 
 
III. RESULTS AND DISCUSSION 
 
Improving the efficiency of power plant includes cost 
reduction as well as meeting the tight legislation 
standards and also minimum negative impact on the 
environment like GWP. In view of these points, 
supercritical carbon dioxide is found to be a 
promising source since it is comparatively cheap and 
its high power density leads to 10 times smaller 
turbomachinery as compared to equivalent steam 
power plant. 
 
3.1 Effect of splitting mass fraction 
In order to obtain a feasible and high efficiency 
power cycle, the most fundamental design parameter 
is the fraction of mass flow diverted for 
recompression. So, it is needed to calculate this mass 
fraction instead of assuming. The pinch point can also 
be controlled by correctly setting the mass flow 
fraction.Literature[9]shows that optimal cycle 
thermal efficiency varies depending on the 
recuperator effectiveness. Fig.5 shows that a 
maximum cycle efficiency is obtained at a split 
fraction of 0.8 with 0.90 and 0.94 effectiveness for 
HTR and LTR, respectively. The turbine inlet 
temperature is assumed to be 623°C and 191 bar 
pressure. The numerical data was calculated with 
0.85 efficiency of each compressor, compressor 
pressure ratio of 2.5 and 0.9 turbine efficiency. 

 
Fig.  5 Optimal cycle thermal efficiency for varying 

recompression split fraction  
 
3.2 Effect of compressor inlet pressure 
Inlet pressure to the compressor is very sensitive for 
simple sCO2 Brayton cycle and it should be near 
critical point for maximum cycle efficiency.Fig. 6 
showsthe cycle thermal efficiency increases with 
increase in compressor inlet pressure. More than 50% 
cycle efficiency can be achieved with 85~90 bar inlet 
pressure with 2.5 pressure ratio. CEA cadarache[10] 
Obtained a cycle efficiency of 43.9% with 81~85bar 
inlet pressure but they neglected the relative pressure 
losses. 
 

 
Fig.  6 Compressor inlet pressure with varying split ratio for 

cycle efficiency 
 
3.3 Effect of Recuperator effectiveness  
As the recompression mass fraction, the effectiveness 
of each recuperator, HTR and LTR, plays an 
important role to improve the efficiency of the cycle. 
The abrupt variation in thermos-physical properties of 
sCO2 results in specific heat deviation across the LTR 
in such a way thatCp is two times greater in hot 
stream then in cold stream.At outlet of the main 
compressor, specific heat has a high value which 
results in small temperature difference across the 
recuperator. Iterative algorithm is used to study the 
temperature drop across each recuperator for different 
effectiveness settings along with varying split fraction 
as shown in Fig. 7 & 8 for LTR and HTR, 
respectively. An interesting finding is that inflection 
point slightly deviates with increasing value of split 
recompression. Crossed effectiveness family shows 
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that increasing LTR effectiveness is more operational 
to lower the temperature drop than HTR effectiveness 
near inflection point region. 
 

 
Fig.  7 Temperature drop across LTR 

 

 
Fig.  8 Temperature drop across HTR 

 
CONCLUSIONS 
 
A recompression sCO2Brayton cycle has been studied 
which shows that cycle efficiency depends on the 
main compressor inlet conditions, recompression 
mass flow fraction and effectiveness of recuperators. 
Among the design parameters, recompression split 
fraction is the most influencing factor. A 
simultaneous optimization study for inlet pressure to 
the compressor along with split fraction has been 
presented for maximum cycle thermal efficiency. The 
deviations in cycle thermal performance are also 
dependent on effectiveness of recuperators. A 

maximum cycle efficiency of 48% was achieved at a 
split fraction of 0.80 with corresponding turbine 
pressure ratio of 2.35.It is expected that more than 
50% efficiency can be achieved through some 
technological improvements in future.  
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