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1. Introduction

The supercritical CO, Brayton cycle (SCO,BC) is
considered as a power conversion system for next
generation power plant. The SCO,BC has advantages of
high thermal efficiency, system compactness and wide
operation range [1]. The high thermal efficiency comes
from lower the compression work with the operation of
compressor near the critical point. Due to the high
density and thermal capacity of CO, near the critical
point. However, the properties of SCO, drastically
change near the critical point. Therefore smooth

operation of the cycle near the critical point is important.

However, it is one of the key technical challenges.
Therefore understand of the cycle behavior is important.
Therefore SCO,BC was modeled in the MARS code for
the analysis of the transient behavior of cycle operation
near the critical point.

In this study, recuperation cycle was chosen as a
reference loop design and the MARS code [2-3] was
chosen as the transient cycle analysis code. Cycle design
condition is focus on operation point of the light-water
reactor. Development of a transient model was
performed for 10MW-electron SCO- coupled with light
water reactors. In order to perform transient analysis,
cycle transient model was developed and steady-state
run was performed and presented in the paper.

2. Transient model of SCO: recuperation Brayton
cycle

In this section cycle layout and component design are
described. The conventional reactors like a PWRs and
SMRs was chosen as a target heat source of SCO;
recuperation Brayton cycle power conversion system.

The SCO; recuperation Brayton cycle layout is shown
in fig. 1. System 1 corresponds to the SCO;
recuperation cycle as a main loop. System 2 and 3 are
respectively represents the cooling water loop and the
heating water loop.

Main loop system is consist of compressor, turbine,
precooler, primary (intermediate) heat exchanger,
recuperator. In order to save rejected heat and increase
the total thermal efficiency of the cycle using
recuperator. The models of the compressor use
homologous curve [4]. The compressor and turbine are
coupled to a motor generator through shaft. The shaft

imposes a rotational speed about 1190 (rad/s) when
cycle operate with design condition. For the cycle
control system, cycle transient model include six valve
and inventory tank system. Control of pressure at the
compressor inlet achieved using valve 889, valve 881
and inventory tank (time dependent volume 880 and
890). In order to control of power, bypass valve 873 is
used.

System 2 and 3 has independent water loop
respectively. Two loop connect to main loop by using
heat structure respectively.

The target power generation system, reactor outlet
temperature of PWRs and SMRs is criterion of turbine
inlet temperature. Turbine inlet temperature is chosen
about 583.15 K, from the operating range of SMART
[5]. The most of previous conventional safety systems
of PWRs and SMRs are based on the primary side
coolant insurgent to the secondary side when is a steam
generator tube rupture. In order to maintain similar
safety systems design and operation philosophy, the
cycle maximum temperature set the 15 MPa [6].
Therefore in this cycle, maximum temperature is 583.15
K, maximum pressure is 15 MPa.
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Fig. 1. Schematic diagram of SCO: recuperation cycle.
3. Steady-state results

In this section results of closed loop steady-state run
are described. Closed loop model run after open loop
reach steady-state and reach same condition at two point
(pipe 910 and pipe 093).

Steady-state calculations have been run to test the
performance of the cycle transient model. Table 1 show
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the main parameters of the model. Main cycle system
mass flow rate is 254.32 kg/s.

Table I: steady-state results

Cycle power output 9.87 (MW)
Compressor power 2.85 (MW)
Heat input to cycle 47.33 (MW)
Compressor inlet pressure 7.67 (MPa)
Compressor inlet temperature 305.65 (K)
Turbine inlet pressure 14.85 (MPa)

Cycle thermal efficiency 20.84 (%)
Shaft speed 1190 (rad/s)

The compressor inlet condition fixed at 7.67 MPa
305.65 K in order to decrease compressor work and test
the cycle thermos-physical condition during transient
analysis. SCO; cycle should work at near the critical
point for cycle efficiency.
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Fig. 2. Temperature-entropy diagram of SCO2 recuperation
cycle steady-state results.
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Fig. 3. Steady-state results of transient model.

Fig. 2 Shows temperature-entropy diagram after
steady-state run. 1-2 line means compressor working
region. 2-3 line means high pressure recuperator region.
3-4 line means heater region. 4-5 line means turbine

working region. 5-6 line means low pressure recuperator
region. 6-1 line means precooler region.

Fig. 3 shows turbine power output and compressor
head during steady-state run. Closed loop run start at
300s. The simulation results become steady-state after
500s. Turbine power and compressor head become
stable after 500s.

4, Conclusions

In this study, the transient model of SCO;
recuperation Brayton cycle was developed and
implemented in MARS to study the steady-state
simulation. We performed nodalization of the transient
model using MARS code and obtained steady-state
results. This study is shown that the supercritical CO;
Brayton cycle can be used as a power conversion system
for light water reactors.

Future work will include transient analysis such as
partial road operation, power swing, start-up, and
shutdown. Cycle control strategy will be considered for
various control method.
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