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Abstract 

International shipping faces stringent decarbonization mandates, necessitating zero-emission propulsion systems. This study 

pioneers the integration of small modular molten salt reactors with pre-compression supercritical carbon dioxide (sCO2) Brayton 

cycles for zero-emission ship propulsion. Thermodynamic modeling demonstrates that the pre-compression configuration 

designed in this study can achieve 36.6% thermal efficiency at 640°C turbine inlet temperature while exhibiting critical 

operational advantages: 1) Enhanced stability against seawater temperature fluctuations (33–45°C), showing only 3.7% 

efficiency variation vs. 11.5% in recompression cycles. 2) Mitigated thermal stress of main heat exchanger via reduced the main 

compressor discharge pressure to 20 MPa. 3）Robust cold-side temperature control at the molten salt-sCO₂ heat exchanger inlet 

(variation <0.3%), preventing molten salt solidification below 454°C. These results resolve key maritime constraints—

compactness, dynamic cold-sink resilience, and safety—establishing nuclear-powered propulsion as a technically viable 

pathway toward International Maritime Organization’s 2050 decarbonization targets. 

1 Introduction 

International shipping plays a vital role in global trade but 

contributes significantly to greenhouse gas emissions and air 

pollution. Specifically, contemporary container shipping 

predominantly relies on Very Low Sulphur Fuel Oil (VLSFO) 

due to established infrastructure and lower capital costs [1]. 

However, VLSFO combustion generates significant 

greenhouse gases (2.6–3.2 Mt CO₂/year per large vessel) and 

air pollutants, such as SOx, NOx, PM [2-4], necessitating 

costly emission abatement systems. Stringent environmental 

regulations imposed by the International Maritime 

Organization (IMO), including targets for at least a 50% 

reduction in greenhouse gas emissions by 2050 compared to 

2008 levels [5, 6], necessitate a radical transformation in 

marine propulsion technologies. While short-term solutions 

focus on efficiency improvements and alternative fuels like 

Liquefied Natural Gas (LNG) or biofuels, deep 

decarbonization requires zero-emission primary energy 

sources. Nuclear propulsion offers a compelling long-term 

pathway, providing high energy density, zero operational 

emissions, and potential for extended operational ranges 

without refueling – attributes highly advantageous for long-

haul shipping routes typical of large container vessels. 

 

Modern Ultra Large Container Vessels (ULCVs) can exceed 

200,000 Deadweight Tonnage and require propulsion power 

upwards of 80 MW [7]. Energy demands of ULCV are 

characterized by continuous high-power operation for 

extended periods, moderate load variations due to weather and 

speed changes, and critical redundancy requirements. 

Furthermore, stringent spatial constraints within the vessel hull 

demand compact power generation systems with high power 

density. Operational reliability and safety are paramount due 

to the high value of cargo and the sensitive marine 

environment [8]. Addressing these specific requirements 

necessitates power systems that are efficient, compact, 

inherently safe, and capable of stable operation under variable 

loads. Small modular molten salt reactors (smMSRs) [9-11], 

characterized by inherent safety and high-temperature output 

(500-700°C), present a promising energy source for marine 

applications. However, conventional steam Rankine cycles 

face limitations in efficiency (typically <33%) and spatial 

footprint when integrated with PWRs [12]. In addition, 

container ships traversing broad geographic latitudes face 
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dynamic seawater temperatures (4–30°C) and flow velocities 

[13], significantly impacting the cold sink performance of 

sCO₂ cycles. Therefore, it is necessary to consider the impact 

of precooler outlet temperature changes on system 

performance. 

 

Supercritical carbon dioxide (sCO₂) Brayton cycles, 

particularly recompression configurations [14], emerge as a 

research hotspot. Lee [10] conclude that an optimized 

recompression sCO₂ Brayton cycle achieves a high thermal 

efficiency of 47.78% for ship propulsion coupled to a small 

modular molten salt reactor. This represents a significant ~12% 

efficiency gain over traditional steam Rankine cycles. 

Compared to recompression [15] and intercooled cycles [16], 

pre-compression layouts [17] can achieve stable 

thermodynamic efficiency with simplified and compact 

architecture, making them ideal for space-constrained marine 

systems. Marine environments impose challenges such as 

temperature of cold sink fluctuations and limited space [18, 

19]. Reference [20] demonstrates SMRs (molten salt or lead-

bismuth cooled) enable zero-emission ship propulsion. The 

steam Rankine cycle achieves 35.7% efficiency, 

outperforming traditional systems. Reference [21] confirms 

nuclear propulsion's technical feasibility for zero-emission 

merchant shipping but identifies critical implementation 

barriers, which are high life-cycle costs, restrictive port or 

canal access due to safety concerns, and unresolved public 

acceptance issues remain significant hurdles for commercial 

adoption despite its potential for high-speed, high-value cargo 

transport.  

 

Pre-compression cycles exhibit superior resilience: (1) 

Compared to recompression, the elimination of redundant 

splitter and collector in pre-compression cycles can reduces 

system volume effectively. (2) The pre-compression can 

reduce net power fluctuations under thermal source and cold 

source temperature variations, outperforming recompression 

cycles. The increasing demand for compact and high-

efficiency power systems in maritime propulsion and 

distributed energy scenarios has driven the exploration of 

advanced thermodynamic cycles. This study bridges the gap 

between theoretical advancements in sCO₂ pre-compression 

cycles and real-world marine energy demands, providing a 

roadmap for next-generation nuclear-powered ships. The 

remainder of this paper is organized as follows: section 2 

provides a comprehensive description of the system under 

investigation. Section 3 presents the system modeling 

approach and verification results. Section 4 reports and 

discusses the obtained results, analyzing their implications and 

validity in relation to the proposed model and existing 

knowledge. Finally, section 5 concludes the study by 

summarizing the principal findings. 

 

2. System Description  

The integrated small modular molten salt reactor (smMSR) 

and supercritical carbon dioxide (sCO₂) Brayton cycle system 

comprises three primary subsystems, as shown in Figure 1. (1) 

the nuclear heat source (smMSR), (2) the sCO₂ power 

conversion cycle, and (3) the filtered seawater cooling system. 

The MSR operates at 700–750°C, transferring heat via an 

intermediate molten salt loop to the sCO₂ cycle through a high-

temperature heat exchanger. The sCO₂ cycle employs a pre-

compression configuration to enhance stability under heat 

source and cold sink temperature fluctuations. Key 

components include a turbine, main compressor (MC), pre-

compressor (PC), recuperators (high-temperature recuperator, 

HTR; low-temperature recuperator, LTR), and a seawater-

cooled precooler. The pre-compression cycle splits the 

compression process into two stages: pre-compressor (PC) and 

main compressor (MC). This design decouples the MC inlet 

parameters from critical point of sCO2. Figure 2 shows the T-

s diagram of the pre-compression cycle under the conditions 

of 33 ℃ and 45 ℃ outlet temperatures of the pre cooler. Table 

1 shows the overall parameters of the system. 
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Fig. 1 Schematic diagram of the integrated smMSR – 

precompression sCO2 cycle system in container ship 

 

 
Fig. 2 T-s diagram of the sCO₂ pre-compression cycle 

 
Table 1. Key system parameters 

 

Parameter Value Unit 

Thermal power of the core 100 MW 
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outlet Temperature of 

Precooler 

33~45 ℃ 

outlet pressure of the primary 

compressor 

16~30 MPa 

Inlet pressure of the Pre-

compressor 

8 MPa 

Inlet Temperature of the Pre-

compressor 

140~180 ℃ 

Outlet pressure of the Pre-

compressor 

9~11 MPa 

Temperature end difference of 

LTR 

15 ℃ 

Pressure loss coefficient of 

main heat exchanger in hot side 

[22] 

0.978 - 

Pressure loss coefficient of 

high temperature recuperator in 

hot side [23] 

0.978 - 

Pressure loss coefficient of hot 

temperature recuperator in cold 

side [23] 

0.985 - 

Pressure loss coefficient of low 

temperature recuperator in hot 

side [23] 

0.978 -- 

Pressure loss coefficient of 

cold temperature recuperator in 

cold side [23] 

0.985 - 

Pressure loss coefficient of 

precooler [23] 

0.99 - 

Isotropic efficiency of 

compressor [24] 

82% - 

Isotropic efficiency of turbine 

[24] 

88% - 

 

3 Methodology  

3.1 Thermodynamic model 

This study employs an in-house code to model the pre-

compression sCO₂ Brayton cycle to incorporate 

thermodynamic governing equations. Boundary conditions are 

specified as fixed temperature values at the precooler outlet 

temperature and the main heat exchanger (MHX) cold-side. 

The thermodynamic analysis presented herein rests on the 

following established modeling foundations. 

(1) The model presumes stable operational conditions. 

(2) Compression and expansion operations in the 

compressors and turbine treated as adiabatic processes, 

their intrinsic inefficiency is captured using specified 

isentropic efficiencies. This explicitly accounts for the 

irreversible entropy generation inherent in real 

turbomachinery, differentiating it from idealized 

isentropic behavior. 

(3) To facilitate efficient computation, pressure drop within 

the heat exchangers, including molten salt-sCO2 heat 

exchanger, HTR, LTR and precooler, is modeled as having 

a proportional dependence on the inlet pressure. The 

magnitude of this drop is determined by conventional 

relative pressure loss coefficients.  

(4) The thermophysical properties (e.g., density, enthalpy, 

entropy, specific heat capacity) of supercritical carbon 

dioxide are sourced from the open-source CoolProp 

thermophysical property database [25].  

Compressors and the turbine are simulated incorporating 

isentropic efficiency, a standard method for characterizing 

real-fluid deviations from ideal adiabatic 

compression/expansion processes as Eq. (1) and Eq. (2) [26, 

27].  

𝜂𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 =
ℎ𝑜𝑢𝑡,𝑖𝑠𝑒𝑛−ℎ𝑖𝑛

ℎ𝑜𝑢𝑡,𝑎𝑐𝑡𝑢𝑎𝑙−ℎ𝑖𝑛
                (1) 

𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 =
ℎ𝑖𝑛−ℎ𝑜𝑢𝑡,𝑎𝑐𝑡𝑢𝑎𝑙

ℎ𝑖𝑛−ℎ𝑜𝑢𝑡,𝑖𝑠𝑒𝑛
                    (2) 

where ℎ𝑜𝑢𝑡,𝑖𝑠𝑒𝑛  denotes the enthalpy of the outlet under the 

same entropy condition, ℎ𝑖𝑛  represents the enthalpy of the 

inlet, and ℎ𝑜𝑢𝑡,𝑎𝑐𝑡𝑢𝑎𝑙  represents the enthalpy of the outlet 

considering efficiency loss. 

3.2 Key performance metrics 

Primary system performance evaluation centers on a rigorous 

thermodynamic metric: thermal efficiency, which is defined as 

the ratio of the net electrical power output to the total high-

temperature thermal energy input to the cycle, expressed 

according to Eq. (3)  [26, 28] 

𝜂𝑡ℎ =
𝑊𝑛𝑒𝑡

𝑄ℎ𝑒𝑎𝑡𝑒𝑟
=

𝑊𝑡𝑢𝑟𝑏−𝑊𝑀𝐶−𝑊𝑃𝐶

𝑄ℎ𝑒𝑎𝑡𝑒𝑟
            (3) 

where Wnet encompassing work contributions from the turbine 

and consumption by both compressors. Qheater specifically 

refers to the thermal power transferred within the main heat 

exchanger (MHX), sourced from the molten salt stream. This 

metric quantifies the system's fundamental capability to 

transform heat into usable power and serves as the primary 

indicator for comparative analysis and optimization 

 

In addition, LiF-NaF-KF (46.5-11.5-42.0 at%) is used as the 

cooling salt of secondary loop, and it has the advantages of low 

viscosity and low cost. Therefore, a critical operational 

constraint necessitates monitoring the cold-Side inlet 

temperature of the sCO2 entering the main heat exchanger 

(MHX). This parameter is paramount for preventing salt 

solidification below its freezing point. The cold-side inlet 

temperature at the primary heat exchanger must exceed the 

solidus temperature (454 ℃). 

3.3 Validation  

The thermal efficiency analysis follows a systematic 

computational algorithm, depicted in Figure 3, incorporating 

iterative refinement to satisfy thermodynamic constraints. The 

sequence proceeds as follows: 1) Input fixed pressure 

boundary conditions, including system inlet pressure and 

outlet pressures of key components. Apply a designated 

pressure loss coefficient to determine the internal pressure 

distribution across the system components. 2) Using the 

established pressure distribution and component 

characteristics, calculate the Outlet temperature of the pre-

compressor and Outlet temperature of the main compressor; 3) 

Calculate the expansion ratio across the turbine, defined as the 
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ratio of inlet pressure to outlet pressure and Outlet temperature 

of the turbine; 4) Calculate the thermal efficiency using the 

derived outlet temperatures, pressures, and expansion ratio. 5) 

Verify whether the cold side of inlet molten salt-sCO2 heat 

exchanger temperature remains above the freezing point of 

molten salt. If true, proceed to finalize the solution; If false 

(No), update the boundary conditions and calculate. 

To validate the accuracy of the developed model, benchmark 

data from Sandia National Laboratories' supercritical CO₂ 

Brayton cycle was utilized [29]. The comparison results are in 

Table 2. Close agreement between the computational and 

empirical profiles demonstrates the validity of the proposed 

Brayton cycle system analysis model. 

 

Input pressure 
boundary condition

Temperature 
boundary 
condition

Outlet 
temperature of 
pre-compressor

Outlet 
temperature of 

turbine

Calculate the 
thermal efficiency

Calculate the 
thermal efficiency

Pressure loss coefficient

Outlet pressure of pre-compressor Expansion ratio

inlet temperature 

below the limit

Yes

Finished

No

Outlet 
temperature of 

main compressor

Outlet pressure of MC

Pressure 
distribution

 
Fig. 3 Schematic diagram of system analysis 

 

Table 2. Comparison between Sandia results and calculated 

results 

 
Parameter Sandia results Calculated results 

Turbine power (MW) 388 371.86 

Primary compressor 

power (MW) 

56.3 60.34 

Re-compressor power 

(MW) 

45.89 39.86 

Heat exchanger power of 

low temperature 

recuperator (MW) 

375 370.89 

Heat exchanger power of 

high temperature 

recuperator (MW) 

1452.4 1450.57 

Power of precooler (MW) 315.5 328.34 

 

4 Results and Discussion 

4.1 The influence of precooler’s outlet temperature and 

turbine’s inlet temperature 

This section analyzed the impact of turbine inlet temperature 

changes on system performance due to power regulation in the 

molten salt reactor, as well as the impact of main compressor 

inlet temperature changes on system performance due to 

seawater temperature changes. 

4.1.1 Thermal efficiency: Under constant conditions including 

a fixed pre-compressor outlet pressure of 11 MPa and a turbine 

input temperature ranging from 560°C to 680°C at 24 MPa, 

thermal efficiency variations with precooler outlet temperature 

and pre-compressor inlet temperature are presented in Figure 

4. The results demonstrate that thermal efficiency decreases 

with increasing precooler outlet temperature, primarily 

because the higher precooler outlet temperatures, the more 

main compressor power consumption, thereby reducing net 

power output, as shown in Figure 4. Similarly, thermal 

efficiency decreases with higher pre-compressor inlet 

temperatures, as this increases pre-compressor power 

consumption and reduces net system output as shown in Figure 

5. Furthermore, Figure 5 reveals that pre-compressor power 

consumption exhibits a non-monotonic response to rising 

precooler temperature, initially increasing then decreasing; 

this occurs because increasing precooler temperature first 

causes a slight decrease followed by an increase in the main 

heat exchanger inlet enthalpy on the cold side, leading to a 

consequent initial decrease and subsequent increase in system 

mass flow rate given a constant outlet enthalpy. 
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Fig. 4 The Influence of outlet temperature precooler and inlet 

temperature pre-compressor on Thermal Efficiency when the 

turbine input temperature is at 560 °C (a); turbine input 

temperature is at 600 °C (b); turbine input temperature is at 

640 °C (c); turbine input temperature is at 680 °C (d). 

 

 
Fig. 5 The Influence of outlet temperature precooler and inlet 

temperature pre-compressor on compressor power and 

turbine power 

4.1.2 Cold side of inlet temperature of the molten salt-sCO2 

heat exchanger: This section investigates the impact of turbine 

inlet and precooler outlet temperatures on the cold-side inlet 

temperature of the molten salt-sCO₂ heat exchanger, which 

must exceed the melting point of molten salt (454 ℃).  

As presented in Figure 6, the analysis reveals several key 

relationships. 1) the cold-side inlet temperature exhibits a 

minimum around 37-38°C with increasing precooler 

temperature. This non-monotonic behavior stems from: as 

precooler temperature rises, the main compressor outlet 

temperature and enthalpy (H₂) increase. Given constant 

terminal temperature difference constraints, the low-

temperature recuperator hot-side outlet enthalpy (H₉) 

consequently increases, while its hot-side inlet enthalpy (H₈) 

remains unchanged due to fixed precooler inlet pressure and 

temperature, resulting in a decreased enthalpy difference (H₈-

H₉). Through energy conservation (H₃ = H₂ + [H₈-H₉]), the 

low-temperature recuperator cold-side outlet enthalpy (H₃) 

decreases initially when the rate of (H₈-H₉) reduction exceeds 

the H₂ increase as shown in Figure 7, before subsequently 

rising when this relationship reverses, ultimately causing the 

observed minimum in molten salt heat exchanger inlet 

temperature. 2) higher pre-compressor inlet temperatures 

increase the cold-side inlet temperature due to elevated pre-

compressor outlet enthalpy. Under constant precooler outlet 

temperature (which is also the inlet temperature of main 

compressor) and maximum pressure conditions, the 

unchanged main compressor outlet enthalpy maintains a 

constant low-temperature recuperator hot-side outlet enthalpy, 

while the enthalpy difference across its cold side expands. 

Energy conservation dictates a corresponding increase in the 

low-temperature recuperator cold-side outlet enthalpy. 

Although the high-temperature recuperator enthalpy 

difference decreases with higher pre-compressor inlet 

temperatures, this reduction is smaller than the enthalpy 

increases at the recuperator cold-side inlet, resulting in a 

gradual temperature rise at the molten salt-sCO₂ heat 

exchanger inlet. 
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Fig. 6 The Influence of outlet temperature precooler and inlet 

temperature pre-compressor on cold side of inlet temperature 

of the molten salt-sCO2 heat exchanger when the turbine 

input temperature is at 560 °C (a); turbine input temperature 

is at 600 °C (b); turbine input temperature is at 640 °C (c); 

turbine input temperature is at 680 °C (d). 

 
Fig. 7 The Influence of precooler’s outlet temperature on 

system enthalpy 

4.2 The influence of outlet pressure of pre-compressor and 

main compressor 

4.2.1 Thermal efficiency: This section examines the influence 

of pre-compressor outlet pressure and system maximum 

pressure (main compressor outlet pressure) on system 

performance. Figure 8 present the thermal efficiency 

variations across the investigated pre-compressor outlet 

pressure range of 9–11 MPa for turbine inlet temperature of 

560°C, 600°C, 640°C, and 680°C. Key findings emerge: (1) 

Thermal efficiency consistently increases with higher system 

maximum pressure. This improvement occurs despite 

increased main compressor work consumption (Figure 9a), 

because the resultant enhancement in turbine power output 

(Figure 9b) exceeds the additional compression work required 

below approximately 30 MPa. (2) Optimal efficiency initially 

occurs at the minimum pre-compressor outlet pressure (9 MPa) 

for system maximum pressures up to 22 MPa. However, when 

pressures exceeding 22 MPa, the maximum thermal efficiency 

shifts to the highest pre-compressor outlet pressure (11 MPa). 

This transition arises because the pre-compressor consumes 

more work than the main compressor below 22 MPa. As the 

system pressure increases beyond this point, the work ratio 

reverses (main compressor exceeds pre-compressor), 

simultaneously triggering a substantial increase in turbine 

output that outweighs the combined growth in compressor 

power consumption. 
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Fig. 8 The Influence of outlet temperature precooler, 

maximum pressure and outlet pressure of pre-compressor on 

thermal efficiency when the turbine input temperature is at 

560 °C (a); turbine input temperature is at 600 °C (b); turbine 

input temperature is at 640 °C (c); turbine input temperature 

is at 680 °C (d). 

 

Fig. 9 The Influence of maximum pressure and outlet 

pressure of pre-compressor on compressor work (a) and 

turbine work (b) 

4.2.2 Code side inlet temperature of the molten salt-sCO2 heat 

exchanger: The variation of the cold-side inlet temperature in 

the molten salt - sCO₂ heat exchanger with precooler outlet 

temperature, pre-compressor outlet pressure, and system 

maximum pressure is presented in Figure 10. The results 

reveal two principal trends: (1) Precooler outlet temperature 

exhibits minimal influence on the primary heater inlet 

temperature at pre-compressor outlet pressures of 10 MPa and 

11 MPa. However, at 9 MPa, the inlet temperature increases 

markedly when precooler outlet temperatures exceed 39°C. 

This heightened sensitivity stems from the main compressor 

inlet conditions operating near the critical point at 9 MPa, 

where sCO₂ undergoes significant thermophysical property 

variations. Specifically, as shown in Figure 11, enthalpy 

experiences a substantial increase beyond 39°C due to these 

nonlinear property changes, directly elevating the enthalpy and 

consequently the temperature at the molten salt heat exchanger 

inlet. (2) Increasing system maximum pressure (main 

compressor outlet pressure) induces a monotonic decrease in 

the heat exchanger cold-side inlet temperature. This inverse 

relationship arises because higher pressures increase the 

enthalpy difference across the cold side of the heat exchanger. 

With the hot-side outlet temperature constrained under 

constant terminal temperature difference conditions, the cold-

side inlet temperature necessarily decreases to accommodate 

the larger enthalpy change. 
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Fig. 10 The Influence of outlet temperature precooler, 

maximum pressure and outlet pressure of pre-compressor on 

cold side of inlet temperature of the molten salt-sCO2 heat 

exchanger when the turbine and pre-compressor input 

temperature is at 560 °C and 140 °C, respectively; (a); 

turbine and pre-compressor input temperature is at 600 °C 

and 140 °C, respectively; (b); turbine and pre-compressor 

input temperature is at 640 °C and 140 °C, respectively; (c); 

turbine and pre-compressor input temperature is at 680 °C 

and 140 °C, respectively (d). 

 
Fig. 11 The Influence of outlet temperature of precooler and 

outlet pressure of pre-compressor on 

4.3 Optimized system parameters 

The optimized sCO₂ precompression cycle integrated with the 

molten salt reactor system parameters are interpreted as Figure 

12. The finalized sCO₂ power cycle achieves a thermal 

efficiency of 36.6%, operating with a molten salt heat source 

entering the primary Molten Salt-sCO₂ Heat Exchanger at 

640°C . Within this exchanger, the sCO₂ working fluid is 

heated to 640°C and pressurized to 19.0 MPa before expansion 

through the turbine. The turbine exhausts sCO₂ at 534.7°C and 

8.2MPa , feeding into the High-Temperature Recuperator 

(HTR), and the heat exchange power is 208.8 MW, which 

cools the stream to 140°C at 8.0 MPa. Subsequent 

compressing to 174.3 at 11MPa via pre-compressor, heat 

recovery occurs in the low-temperature recuperator (LTR), 

and the heat exchange power is 82.5 MW, which lowers the 

temperature further to 62.1°C at 10.8 MPa. After rejection 63.4 

MW of heat in the Precooler to achieve a near-critical 

condition of 33.0°C at 10.65 MPa. the main compressor 

elevates pressure to 20 MPa with an outlet temperature of 

47.1 °C. The compressed sCO₂ is then preheated sequentially 

in the LTR to 121.3 °C at 19.7 MPa and in the HTR to 464.0°C 

at 19.4 MPa before returning to the primary heat exchanger, 

completing the cycle. This configuration demonstrates 

effective thermal integration and strict adherence to 

engineering constraints while achieving the reported 

efficiency. 

Turbine
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compressor
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ooler
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Molten 

salt – 

sCO2 Heat 
exchanger

Main-
compressor
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484 33  
10.65MPa

62.1  
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47.1 
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121.3  
19.7MPa464.0  
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640 
19.0MPa

η=36.6%

 

Fig. 12 Schematic diagram of optimized system parameters 

 

A comparative assessment of two sCO₂ thermodynamic 

cycles—recompression cycle (RCC) and pre-compression 

cycle (PRC)—was conducted at fixed turbine inlet 

temperature (640°C) and main compressor outlet pressure (20 

MPa) to evaluate thermal efficiency and inlet temperature of 

main heat exchanger in cold side sensitivity to precooler outlet 

temperature variations, as illustrated in Figure 13. The analysis 

reveals two critical findings: 1) Regarding the thermal 

efficiency, the PRC configuration exhibits markedly lower 

sensitivity (3.7%) to precooler outlet temperature fluctuations 

(33~45°C) compared to the RCC (11.5%), which demonstrates 

the most pronounced efficiency variations. This stability arises 

because the PRC cycle's main compressor inlet operates 

sufficiently distant from the critical point of CO2, thereby 
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minimizing property-induced thermodynamic anomalies. 2) 

The recompression cycle demonstrates a significantly higher 

inlet temperature (~494°C) at the main heat exchanger cold-

side compared to the pre-compression configuration, but PRC 

exhibits exceptionally stable thermal behavior with minimal 

variation across the precooler temperature range. 

 

 

Fig. 13 Comparison of thermal efficiency (a) and inlet 

temperature of main heat exchanger in cold sid (b) between 

split flow recompression and precompression cycle 

 

5 Conclusions 

This study addresses a critical gap in marine nuclear power 

system design by pioneering an integrated analysis of molten 

salt reactor (MSR) and supercritical CO₂ power cycles under 

marine operational constraint. Three key advances emerge: 

1) The integrated MSR and sCO₂ pre-compression cycle 

designed in this study exhibits inherent stability against 

seawater temperature perturbations—a decisive 

advantage over recompression cycles. This stems from 

strategically decoupling the main compressor inlet from 

critical-point property variations. 

2) Implementation of a ≤20 MPa main compressor discharge 

pressure effectively mitigates thermal stress risks in the 

primary heat exchanger while maintaining 36.6% 

efficiency.  

3) The pre-compression cycle designed in this study exhibits 

markedly lower sensitivity in thermal efficiency (3.7% vs 

11.5%) and inlet temperature at the main heat exchanger 

cold-side (0.3% vs 3%) compared to recompression cycle. 

These innovations position nuclear-powered shipping as a 

technically viable pathway to IMO’s 2050 emission targets. 

Future work will quantify transient performance under wave-

induced motion and implement dynamic control strategies for 

load-following operations. 
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