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H I G H L I G H T S

• The novel CO2 transcritical power
cycle operates with conventional
water cooling.

• Theoretical study was executed on the
relationships among the cycle’s para-
meters.

• The novel cycle simplifies the devel-
opment of the pressurizing compo-
nent.
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A B S T R A C T

Compared with the conventional Rankine cycle, the CO2 transcritical power cycle gives a higher thermal effi-
ciency because of its high average heat absorbing temperature and is suitable for driving a compact system. The
self-condensing CO2 transcritical power cycle can solve the problem that CO2 is difficult to condense in a
conventional CO2 transcritical power cycle using conventional water cooling. Based on solar thermal energy, a
theoretical analysis model was established to study the relationship between the cycle performance and the
operating parameters. The results showed that the thermal efficiency increases with increasing the cooled
pressure with a low final cooled temperature. By increasing the final cooled temperature, a peak appears on the
thermal efficiency curve. The outlet temperature of the cooling water is affected by a shift of the pinch point
position in the cooler. According to the variation of the outlet temperature of the cooling water and the pro-
portion of the mass flow rate of CO2 in the power sub-cycle and that in the whole cycle, it can be concluded that
conditions with a very low cooled pressure are uncontrollable. In these conditions, the maximum thermal ef-
ficiency of the self-condensing CO2 transcritical cycle is 0.3463, which is 0.0313 a little lower than that of the
supercritical CO2 Brayton cycle. However, the novel cycle simplifies the development of the pressurizing
component and avoids the liquid hammer in the pressurizing process.
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1. Introduction

A working fluid with low boiling temperature gives better perfor-
mance than water in power cycles, especially in using low temperature
heat source [1]. CO2 is an important unconventional working which is
attracting more and more attention [2]. It can operates efficiently using
not only a low temperature heat source but also a high temperature
heat source. For high temperature heat source, it can provide much
higher thermal efficiency than water because of its high average heat
absorbing temperature, but a large regenerator should be used to re-
cover the heat of CO2 exhaust from the turbine. In high thermal effi-
ciency conditions, a basic CO2 power cycle can’t cool the exhaust gas to
a sufficiently low temperature (e.g. 200 °C) using fossil energy sources.
Therefore, it is more suitable for converting solar thermal energy and
nuclear energy which usually integrate with a circulation system of a
heat transfer medium. Solar thermal energy is an important renewable
and clean energy source that has already attracted considerable atten-
tion. It is very important to exploit and utilize solar thermal energy
effectively as a supplement of fossil energy [3].

CO2 also has some good thermal properties, such as high thermal
stability and in addition a low Global Warming Potential (GWP), a zero
Ozone Depletion Potential (ODP). It is further nontoxic and non-
flammable [4], which indicates that this natural substance has less in-
fluence than the Freon on the environment. Because the supercritical
CO2 has a much lower viscosity, compact heat exchangers can be used
for the supercritical heater, the condenser, the cooler, and especially
the regenerator. A compact radial inflow turbine can also be used for
the expansion of the supercritical CO2. Therefore, the CO2 power cycle
usually has a smaller size than the Rankine cycle. Because of its
cheapness, the operating cost is much lower than the other unconven-
tional working fluids.

According to a theoretical analysis, Ding et al. [5] pointed out that a
CO2 transcritical power cycle gives higher thermal efficiency than a
power cycle using organic fluids such as R22, R600, R123, R134a or
R12. Zhang et al. studied the cycle efficiency of a CO2 transcritical
power cycle with their experimental system using a throttle valve in-
stead of an expander or a turbine [6] and tested an experimental hy-
drogen production system using a CO2 cycle based on solar energy [7].
Pan et al. [8] established a CO2 transcritical power cycle and obtained
1.1 kW of a stable electric power. This cycle was also used to recover
waste heat from engine exhaust [9]. Kim et al. [10] compared a CO2

transcritical power cycle and a supercritical CO2 power cycle using low
temperature heat and high temperature heat sources, respectively.
Wang et al. [11] compared different cycle layouts of supercritical CO2

Brayton cycles integrated with molten salt solar power towers. Minh

et al. [12] investigated the operation of supercritical CO2 Brayton cycles
in transient conditions. Chacartegui et al. [13] integrated a CO2 power
cycle with thermochemical energy storage of a concentrated solar
power. Xu et al. [14] improved the supercritical coal-fired power gen-
eration system by incorporating a supplementary supercritical CO2

cycle. Olumayegun et al. [15] also considered CO2 capture in the coal-
fired power generation system with a supercritical CO2 closed Brayton
cycle. Moullec [16] carried out the conceptual study of a high efficiency
coal-fired power plant with CO2 Brayton cycle. Sun et al. [17] carried
out exergy analysis and optimization of a hydrogen production process
with a solar-liquefied natural gas hybrid driven transcritical CO2 power
cycle in which liquefied natural gas can provide sufficiently low tem-
perature to condense CO2. Exergetic analysis was also carried out by
Padilla et al. on the supercritical CO2 Brayton cycle integrated with
solar central receivers [18]. Zhao et al. [19] used liquid natural gas as a
cold source to drive a hybrid system integrated with compressed air
energy storage and a CO2 transcritical power cycle. Padilla et al. [20]
proposed three supercritical CO2 Brayton cycle configurations assisted
by an ejector and pointed out that the recompression with an ejector
and intercooling gives the best thermal efficiency. Syblik et al. [21]
analysed the cycle performance of two supercritical CO2 Brayton power
cycles that are used to cool the specific fusion reactor.

However, it is difficult to condense the subcritical CO2 with con-
ventional water cooling in a conventional CO2 transcritical power cycle
because of the low critical temperature. This disadvantage seriously
limits the actual application of a CO2 transcritical power cycle. Pan
et al. [22] pointed out that a transcritical power cycle using a CO2-
based mixture can solve the condensing problem by raising the critical
temperature. Zeotropic mixtures attracted a lot of attention in the field
of organic Rankine cycle [23]. Xia et al. [24] also studied the ther-
modynamic and thermo-economic performance of a transcritical power
cycle using CO2-based mixture as working fluid. Nevertheless, the low
thermal stability of the mixture limits this type cycle to low tempera-
ture heat source because most of the considered second components are
organics that are decomposed easier than CO2. Dai et al. carried out an
experimental study on thermal stability of some hydrocarbons [25] and
hydrofluorocarbons [26] for a transcritical power cycle. In addition, the
combustion characteristic of the CO2-based mixtures should be paid
attention to besides the cycle performance [27]. Pan et al. [28] pro-
posed a novel CO2 transcritical power cycle, namely, a self-condensing
CO2 transcritical power cycle, to avoid the cooling problem and ana-
lysed it with low temperature heat source using a theoretical approach.
The cooling problem is solved completely in the above two transcritical
power cycles. The self-condensing CO2 transcritical power cycle can be
used not only for low temperature heat sources but also for high

Nomenclature

t temperature (°C)
p pressure (MPa)
C specific heat capacity (J∙kg−1∙°C−1)
s entropy (J∙kg−1∙°C−1)
P ̇ power (kW)
Q ̇ heat capacity (kW)
η efficiency
ṁ mass flow rate of the working fluid (kg∙s−1)

subscript

p isobaric
b boiling

c critical
pum pump
exp expander
com compressor
ther thermal
pin pinch point
cond condensing
1, 2, 2a, 2b, 3, 4, 4a, 4b, 5, a, b state points of the transcritical

power cycle

superscript

′ inlet
″ outlet
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temperature heat sources.
There is still a lack of the research on self-condensing CO2 tran-

scritical power, especially about the relationship among the cycle’s
parameters and the optimization method for this novel cycle. Therefore,
a theoretical analysis model for the self-condensing CO2 transcritical
power cycle was established, and a detailed investigation was executed
with the aim to reveal the relationships between the cycle performance
and the operating parameters. As one of the most potential application
areas, solar thermal energy was used to drive the cycle with molten salt
as heat transfer medium.

2. Methodology

2.1. System and modelling

As shown in Fig. 1, the main components of a self-condensing CO2

transcritical power cycle system include a heater, a turbine, a cooler, an
expander, a vapour-liquid separator, a compressor, a pump and a re-
generator. For a CO2 power cycle, a large regenerator is necessary be-
cause of the high temperature of CO2 exhausted from the turbine. In the
supercritical heater, supercritical CO2 is heated from state b to state 1.
An expansion occurs in the turbine with outputting shaft power si-
multaneously. Two CO2 flows (state 2a and state 2b) mix together (state
2). Next, all of the CO2 enters the regenerator and is cooled to state a.
The cooling water is used to cool the supercritical CO2 even further in
the cooler. The cool supercritical CO2 at state 3 enters the expander and
expands to state 4. In the vapour-liquid separator, the saturated liquid
(4a) and the saturated vapour (4b) separate from the two-phase CO2

flow. The vapour is compressed from state 4b to state 2b, while the
saturated liquid is pressurized by a pump from state 4a to state 5. Then,
the cold liquid CO2 under the supercritical pressure enters the re-
generator to absorb the remaining heat from the exhaust CO2. Solar
thermal energy is used to raise the temperature of the supercritical CO2

further from state b to state 1.
The whole cycle consists of two sub-cycles, namely, the power sub-

cycle (4-4a-5-b-1-2a-2-3-4) and refrigeration sub-cycle (4-4b-2b-2-a-3-
4). The power sub-cycle is the main cycle in which the turbine outputs
shaft power and the pump consumes some of it. The refrigeration sub-
cycle is an auxiliary cycle which provides liquid CO2 for the power sub-
cycle. Much shaft power can also be recovered by the expander, while
the compressor consumes more power than recovered.

It is worth noting that the expander operates in the two-phase re-
gion where is harmful to an impeller. In fact, the density difference
between liquid and vapour is much less near the critical point than that
in the other two-phase regions. This may decrease the impact of liquid
hammer on the impeller. However, non-impeller expander should be
used for safer operation, such as a piston expander, a screw expander
and so on. Furthermore, the expander can also be replaced by a throttle
valve. Using this method, the issue about the liquid hammer on the
expander can be avoided, but the expansion power is lost.

2.2. Calculation process

The theoretical calculation process is indicated in Fig. 2. The ther-
mophysical properties of CO2 at all states are obtained from REFPROP
9.0 [29] by inputting some of the state parameters.

In the turbine and the expander, the temperature and the pressure of
CO2 decrease during the expansion process, as well as the specific en-
thalpy. The turbine inlet state can be specified by the heated pressure
and the inlet temperature. For the expander, it can be determined by
the cooled pressure and the final cooled temperature. Consequently,
with the inlet parameters and the isentropic efficiency, the enthalpy at
the exit of the turbine and the expander can be calculated according to
Eq. (1). Here, the definition and the naming method, should be noted,
for some parameters such as the heated pressure, the final cooled
temperature, the cooled pressure and the final cooled temperature. The

heated pressure refers the pressure under which the CO2 is heated in the
supercritical heater and the final heated temperature represents the
temperature of the supercritical CO2 at the exit of the heater. Similarly,
the working fluid, CO2, is cooled to the ‘final cooled temperature’ by the
cooling water under the ‘cooled pressure’.

=
−

−
η h h

h hisen,tur
1 2a

1 2a,isen (1a)

=
−

−
η h h

h hisen,exp
3 4

3 4,isen (1b)

The CO2 from the turbine and the CO2 from the compressor mixes
together and flows forward to the regenerator to heat the cold working
fluid from the pump. It is worth noting that the mass flow rate of the hot
CO2 is higher than that of the cold CO2. Therefore, the heat balance
equation can be expressed as,

− = −m h h m h ḣ ·( ) ̇ ·( )total 2 a power b 5 (2)

In the cooler, the heat capacity is expressed as Eq. (3a) and the state
of CO2 at the exit of the cooler is determined by the cooled pressure and
the final cooled temperature. Under specified cycle, the outlet tem-
perature of the cooling water is determined by the pinch point tem-
perature difference in the cooler. Then, the mass flow rate of the
cooling water can be found with Eq. (3b).

= −Q m h ḣ ̇ ·( )cond total a 3 (3a)

= ″ − ′Q m t ṫ ̇ ·( )cond cooling cooling cooling (3b)

With the known inlet parameters and isentropic efficiency, the outlet
parameters of the pump and the compressor can be calculated ac-
cording to Eq. (4).
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Fig. 1. Schematic diagram and flow chart of the self-condensing CO2 tran-
scritical power cycle. (a Schematic diagram; b Flow chart).
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η
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=
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η
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The heat capacity in the supercritical heater can be expressed as Eq.
(5). The mass flow rate of CO2 in the power sub-cycle and the heater

outlet temperature are used to ensure that the pinch point temperature
difference in the supercritical heater is equal to the specified value.

= −Q m h ḣ ̇ ·( )heater power 1 b (5a)

= ′ − ″Q m t ṫ ̇ ·( )heater salt salt sat (5b)

Start

Input   pheated  salt  tsalt'  pcooled  tcooling'
cp,heat heat tpin,heater tpin,cool 

t
tpin,regenerator   tcond isen,tur isen,com  

isen,pum isen,exp  final,heated   and  tfinal,cooled .

Compute turbine outlet state by inlet parameters and isentropic efficiency equation.

Compute expander inlet state (the same as cooler outlet state).

Compute expander outlet state by inlet parameters and isentropic efficiency equation.

Compute the saturation states in the vapor-liquid separator and the mass flow rate ratio

Compute pump outlet state and compressor outlet state.

Analyze the mixing process of CO2 under cooled pressure.

Initialize regenerator outlet entropy at low-pressure side.

Search for pinch point in regenerator by dichotomy method and compute pinch point temperature difference.

Initialize mass flow rate of power sub-cycle cycle.

Search for pinch point in heater by dichotomy method and compute pinch point temperature difference.

Obtain mass flow rate and outlet temperature of cooling Water.

Compute cycle performance and other operation parameters, such as ther, net, tur, exp, pum and com.
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Fig. 2. Flow chart of the calculation process.
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2.3. Performance indicator

The net output power and the thermal efficiency are the most im-
portant performance indicators. In a self-condensing CO2 transcritical
power cycle, the turbine and the expander generate power, while the
pump and the compressor consume power. Therefore, the net output
power can be expressed as

= − − −P P P P Ṗ ( ̇ ̇ ) ( ̇ ̇ )net tur pum com exp (6)

Heat is absorbed by supercritical CO2 in the supercritical heater and
the thermal efficiency can be represented as a ratio of the net output
power to the heat capacity of the supercritical heater, as shown in Eq.
(7).

=η P
Q

̇
̇ther

net

heater (7)

The temperature and the pressure of the supercritical CO2 at the exit
of the cooler dominate the state of point 3 which impacts the mass flow
rate and the performance of each sub-cycle. For example, under a
constant pressure, a low outlet temperature of the cooler is helpful for
increasing the mass flow rate in the power sub-cycle and improving the
whole cycle performance. The refrigeration sub-cycle is an auxiliary
cycle that generates cooling capacity to condense CO2 for the pump in
the power sub-cycle. Therefore, these two parameters specified as the
final cooled temperature and the cooled pressure are very important
and should be optimized and controlled in practical systems to improve
the whole cycle performance. It is worth noting that the condensing
temperature also affects the cycle performance.

2.4. Data source

Molten salt is a common heat transfer medium that is usually used
in solar thermal energy systems. The temperature range for application
is usually determined by its thermophysical properties. In the following
analysis, the considered temperature range is from 60 °C to 600 °C. It is
difficult to find a suitable medium that can be used in such a wide
range. Therefore, the extrapolation method is used to calculate the
specific heat capacity if the temperature exceeds the limited range.
Though this method influences the outlet temperature and the mass
flow rate of the molten salt a little, it does not affect the cycle perfor-
mance and the operating parameters.

Eqs. (8) and (9) are used to calculate the density and the specific
heat capacity of the molten salt, respectively [30]. An extrapolation
method is used to calculate the specific heat capacity when the tem-
perature is lower than 286.9 °C.

= −ρ t2430.2 0.4347 (8)

= + − °C t347.08 2.6 [286.9 430.3 C]p (9a)

= − + − °C t3324.59 7.8 [430.3 746.9 C]p (9b)

In the theoretical analysis, the following parameters are specified.
The mass flow rate of the molten salt is specified as 10 kg∙s−1. The inlet
temperature of the molten salt is 600 °C. The supercritical heated
pressure is 25.0 MPa. Temperature at the turbine entrance is 550 °C.
The isentropic efficiency of the pump, turbine, compressor and ex-
pander are specified as 0.65, 0.88, 0.80 and 0.75, respectively. The
pinch point temperature differences in the cooler and the regenerator
are specified as 5 °C and 10 °C, respectively. Because of the poor heat
transfer of the molten salt, the pinch point temperature difference in the
supercritical heater is specified as 15 °C. The inlet temperature of the
cooling water is 25 °C. The final cooled temperature range is from 31 °C
to 40 °C while the cooled pressure range is from 7.5MPa to 18.0 MPa.

3. Results and discussion

In this section, several performance indicators and operating para-
meters are studied using the above theoretical approach. The cooled
pressure and condensing temperature are optimized to enhance the
thermal efficiency.

3.1. Optimization of the cooled pressure

During the optimization of the cooled pressure, a constant con-
densing temperature is specified as 20 °C.

As shown in Fig. 3, thermal efficiency increases with increasing the
cooled pressure with a final cooled temperature of 31 °C. When the final
cooled temperature is in the range from 32 °C to 40 °C, the thermal
efficiency curve has a peak. With a constant final cooled temperature,
the higher the cooled pressure is, the more the saturated liquid is in the
vapour-liquid separator. More saturated liquid or higher mass flow rate
in the power sub-cycle power cycle contribute to the thermal efficiency
of the whole cycle. However, it is harmful to the enhancement of the
turbine output power to increase the cooled pressure, because it also
reduces the specific enthalpy drop in the turbine. With a final cooled
temperature range from 32 °C to 40 °C, the effect of the turbine power
output on the thermal efficiency is more obvious than the mass flow
rate when the cooled pressure reaches a certain value. Therefore, a peak
appears on the thermal efficiency curve.

As shown in Fig. 4, with a constant cooled pressure the proportion
of the saturated liquid in the vapour-liquid separator decreases with
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Fig. 3. Variation in the thermal efficiency with cooled pressure under different
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Fig. 4. The proportion between mass flow rate of CO2 in the power sub-cycle
and that in the whole cycle.
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increasing the final cooled temperature, which causes a negative cor-
relation between thermal efficiency and cooled temperature.

Under a low final cooled temperature, such as 31 °C, the proportion
of saturated liquid in the vapour-liquid separator can reach 1.0 with a
high enough cooled pressure. In other words, the cooled supercritical
CO2 expands to a bubble point or supercooled region and no vapour
separates from the vapour-liquid separator. Without the vapour separ-
ating these conditions become meaningless for this novel power cycle
and are omitted in the analysis. Though the maximum efficiency ap-
pears under 14.2 MPa with a final cooled temperature of 31 °C in the
considered conditions, it is still difficult to cool supercritical CO2 to
near 31 °C using conventional water cooling. On the other hand, be-
cause CO2 has a critical temperature of approximately 31 °C, its ther-
mophysical properties are very sensitive to the operating parameters,
such as temperature and pressure. Therefore, 35 °C is selected as the
optimal final cooled temperature. Consequently, the maximum thermal
efficiency is 0.2420 with a cooled pressure of 11.0 MPa in these con-
sidered conditions. It is also noted that the optimal cooled pressure
decreases obviously and then keeps nearly constant at 11.0MPa with
increasing the final cooled temperature.

The CO2 absorbs heat from molten salt in the supercritical heater in
the power sub-cycle, which indicates that the mass flow rate in the
power sub-cycle is relative to the outlet temperature of the molten salt
and the inlet temperature of CO2 in the supercritical heater. Even
though the heat capacity of molten salt decreases because of the in-
crease of the outlet temperature of the molten salt, the mass flow rate in
the power sub-cycle still increases with cooled pressure because the
specific enthalpy rise of CO2 in the supercritical heater strongly de-
creases. As shown in Fig. 4, the proportion increases rapidly when the
cooled pressure is lower than 10MPa and increases slowly in other
conditions with raising the cooled pressure. From this perspective, it is
also confirmed that the near-critical conditions are a little difficult to
control. For example, the increase of the ambient temperature and the
cooling water temperature may lead to an increase of the CO2 flow rate
in the refrigeration sub-cycle that is only an auxiliary cycle and a de-
crease of the whole cycle performance. In that case, more cooling water
and a higher cooled pressure are needed to stabilize the operating
condition. Under the optimal cooled pressure, the proportion of satu-
rated liquid to total fluid is 0.85.

As shown in Fig. 5a, there is a minimum value and a maximum
value for nearly all the curves, except the one with a final cooled
temperature of 31 °C. The exceptional curve only shows a peak without
a minimum. When the cooled pressure is lower than 11.0MPa, the
outlet temperature of the cooling water is negatively correlated with
the final cooled temperature while there is almost no difference be-
tween these two parameters in the other conditions. The pinch point
position plays a major role in determining the outlet temperature of the
cooling water. A complex shift of the pinch point position leads to the
minimum on each curve.

The heat transfer process affects the variation of the working fluid
states. Therefore, this process is usually shown in the temperature-en-
tropy diagram, which connects it with the working fluid state points of
the thermodynamic cycle. As shown in Fig. 5b, values of the horizontal
and vertical axis represent the relative position of the pinch point ac-
cording to the state points of CO2 in the cooler. When the cooled
pressure is low, the entropy of the pinch point declines firstly and then
increases with raising the cooled pressure. In other words, the pinch
point shifts to the left firstly and shifts right secondly in the tempera-
ture-entropy diagram. The movement towards the left is helpful for
reducing the outlet temperature of the cooling water while the shift to
the right leads to an increase of that temperature. That phenomenon is
the reason for the local minimum of each curve. When the cooled
pressure is high, the pinch point shifts towards the left only and its
temperature shows a maximum with still raising the cooled pressure.
The movement of the pinch point is helpful for raising the outlet tem-
perature of the cooling water while the maximum of the pinch point

temperature causes the peak on the curve of the outlet temperature of
cooling water. Under a cooled pressure of 8.0 MPa, the pinch point
appears nearly at the same position (the entrance of cooler) for final
cooled temperatures of 39 °C and 40 °C, respectively. As a result, the
outlet temperature of the cooling water is almost the same in these two
conditions. It is worth noting that the curve of the pinch point position
is a little not smooth with a final cooled temperature of 40 °C and a
cooled pressure from 8.0 to 8.5MPa, as shown in Fig. 5b. The reason
may be that the computation points are not dense enough. The curve
may become smooth by adding some computation points in the con-
sidered range. Under the optimal cooled pressure, the outlet tempera-
ture of the cooling water is 57.3 °C with a pinch point temperature in
the cooler of 59.1 °C.

As shown in Fig. 6, the net output power decreases with increasing
the final cooled temperature and shows a peak with raising the cooled
pressure. In the optimal conditions, the net output power is
1689.70 kW. It is determined by the turbine’s power output, the pump’s
power consumption, the expander’s power output and the compressor’s
power consumption, as shown in Eq. (6). The power output of the
turbine plays a major role in determining the trend of the net output
power curve and in the optimal condition, the turbine outputs
2473.13 kW of a power that is much higher than the pump’s power
consumption, the expander’s power output and the compressor’s power
consumption. The net output power is the product of the heat capacity
in the supercritical heater and the thermal efficiency. The turbine outlet
temperature increases with raising the cooled pressure, which causes an
increase of the inlet temperature of the CO2 at the entrance of the
heater. Then the outlet temperature of the molten salt increases while

Fig. 5. Outlet temperatures of cooling water and the pinch point position in the
cooler. (a Outlet temperature of cooling water; b Pinch point position in cooler).
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the heat capacity in the heater decreases correspondingly with the in-
crease of the cooled pressure. In the other hand, the thermal efficiency
increases monotonically or shows a peak with raising the cooled pres-
sure. Therefore, a peak appears on the net output power curve in almost
all the conditions.

3.2. Optimization of the condensing temperature

In the above analysis, an optimal condition is obtained with a
constant condensing temperature of 20 °C. Thermal efficiency can reach
up to 0.2420 with a cooled pressure of 11.0 MPa. In this section, the
effect of the condensing temperature on the thermal efficiency is ana-
lysed. The condensing temperature varies from 16 °C to 30 °C, while
other parameters are specified the same as the above section.

As shown in Fig. 7, the optimal thermal efficiency and the corre-
sponding cooled pressure are obtained at each condensing temperature.
The optimal thermal efficiency increases with increasing the conden-
sing temperature and finally reaches a maximum value of 0.3463. The
above optimal condition with the condensing temperature of 20 °C is
also on the thermal efficiency curve. In other words, each point on the
thermal efficiency curve corresponds to an optimal condition with a
constant condensing temperature and an optimal cooled pressure which
is indicated on the cooled pressure curve. The optimal cooled pressure
curve increases firstly and then decreases with raising the condensing
temperature. When the condensing temperature is 30.0 °C, the optimal
thermal efficiency reaches a maximum with an optimal cooled pressure
of 8.60MPa. However, though the thermal efficiency increases mono-
tonically with raising the condensing temperature, it is suggested to
specify a relative low condensing temperature, e. g. 25 °C, to avoid a
near-critical compression. There is another interesting phenomenon
observed. There seems to be an inflection point for the optimal thermal
efficiency curve with a final cooled temperature of approximately
21.8 °C. When the final cooled temperature is lower than 21.8 °C, the
optimal cooled pressure increases and accelerates with raising the
condensing temperature. Nevertheless, when the final cooled tem-
perature is higher than 21.8 °C, the optimal cooled pressure decreases
and tends to a constant with raising the condensing temperature.

It is generally known that the supercritical CO2 Brayton cycle is
widely studied and has many advantages, such as a high thermal effi-
ciency, a compact system and an environmentally friendly working
fluid. Therefore, an optimal thermal efficiency of the supercritical CO2

Brayton cycle is also shown in Fig. 7. When the final cooled tempera-
ture is 35 °C and optimal cooled pressure is 8.1 MPa, the thermal effi-
ciency of the supercritical CO2 Brayton cycle reaches 0.3776. The
maximum thermal efficiency of the supercritical CO2 Brayton cycle is a
little higher than that of the self-condensing CO2 transcritical cycle by

0.0313. The decrease of the thermal efficiency is the cost paid for a
liquid compression.

The compressor for the supercritical CO2 Brayton cycle is a key
component and it is difficult to develop an efficient one. Additionally, it
usually operates in near critical region where the liquid hammer is very
harmful to the impeller. However, a pump is used to pressurize CO2 in
liquid state for the self-condensing CO2 transcritical cycle which sim-
plifies the development of the pressurizing component and avoids the
liquid hammer in the pressurizing process. In addition, a liquid pres-
surizing method can also reduce the power consumption. There are
even pump products for pressurizing liquid CO2 to a very high pressure
which is sufficiently high for a CO2 power cycle. Therefore, it is
worthwhile to investigate the self-condensing CO2 transcritical cycle
and its potential for a practical application.

4. Conclusions

With solar thermal energy as a heat source, the self-condensing CO2

transcritical cycle is optimized with a theoretical approach. Some im-
portant conclusions regarding the relationships among the cycle para-
meters and the optimization results of this cycle are as follows.

(1) With a low final cooled temperature, the thermal efficiency in-
creases with raising the cooled pressure. The curve shows a peak
with a final cooled temperature higher than 32 °C. At 35 °C of the
final cooled temperature, the maximum thermal efficiency is
0.2420 with an optimal cooled pressure of 11.0 MPa.

(2) The proportion of the saturated liquid to the total fluid in the se-
parator varies extremely rapidly under low cooled pressure. The
complicated variation of the outlet temperature of the cooling
water is mainly determined by the shift of the pinch point position
in the cooler. Under 11.0 MPa of the cooled pressure, the proportion
of the saturated liquid to the total fluid is 0.85 and the outlet
temperature of the cooling water is 57.3 °C.

(3) In the considered conditions, the maximum thermal efficiency of
the self-condensing CO2 transcritical cycle is 0.3463, which is
0.0313 lower than that of the supercritical CO2 Brayton cycle.
However, the former cycle uses a pump to pressurize CO2 in a liquid
state, simplifies the development of pressurizing component and
avoids the liquid hammer in pressurizing process.
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