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< NS Savannah >Machinery space Reactor space < PWR based propulsion system >
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V. Dostal, et al, A Supercritical Carbon Dioxide Cycle for Next Generation Nuclear Reactors, (2004)

< Comparison of component size of between Rankine cycle andS-CO2 cycle> The S-CO2 cycle is expected to have many advantages when 
adopted as a power conversion system of nuclear-powered ships.

 In order for nuclear system to be applied for marine propulsion, it should 
exhibit superior load following capability under severe load changes.

Parameter NS Savannah NS Otto Hahn NS Mutsu

Displacement (tons) 21,800 25,790 25,790

Reactor thermal power 74 MW 38 MW 38 MW

Cruising speed
21 knots 
(39 km/h)

17 knots
(31 km/h)

17 knots
(31 km/h)

Cargo capacity [tons] 10,000 14,000 8,242

Crew 124 63 80

Load change 
requirement

Increase
20% - 80% in 

10s
(6%/s)

10% - 100% 
in 90s
(1%/s)

18% - 90% in 
30s

(2.4%/s)

Decrease
100% - 20% 

in 3s
(26.7%/s)

100% - 10% 
in 1s

(90%/s)

100% - 18% 
in 1s

(82%/s)

< General information of nuclear merchant ships >
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Power

Main engine 75.57 MW

Aux. engines 7.4 MW

Aux. generator 17.9 MW

Total 100.87 MW
< Total Engine Power of MSC Gulsun >

 Since the design of primary coolant system and reactor core is beyond the scope of this thesis, it 
is referred to the existing reactor system.

 Thermal characteristics are referred to SMART reactor, which is an integral-type PWR with the 
thermal power of 330 MW considering current trend of ship power.

 Reactor feedback coefficients are referred to the ATOM (Autonomous Transportable On-demand 
Reactor Module), which is a water-cooled autonomous SMR with the thermal power of 450 MW.

 Notable features that ATOM differs from the SMART is that ATOM is designed as a soluble-
boron-free (SBF) reactor.

 This conceptual reactor is described as ATOM-S in this thesis.

< S-CO2 Recompression Cycle >

 Due to the relatively low turbine inlet temperature (TIT) under the PWR temperature 
conditions, recompression cycle was chosen which is generally known as the most 
efficient cycle among the basic cycle layouts.

 There are also potentially more efficient cycle layouts such as intercooling or reheating 
cycle. However, these cycle layouts are excluded in this thesis since they may result in 
more complex and larger system which is not suitable for ship propulsion. 

 The total system comprises the soluble-boron-free integral PWR
type SMR and the S-CO2 recompression Brayton cycle.
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< S-CO2 system design procedure >
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NS Savannah Proposed 
system

Thermal power 74 MWth 330 MWth

PCS
Steam cycle

(9-stage HPT, 
7-stage LPT)

S-CO2
recompression 

cycle

Length 17 m 6.5 m

Width 24 m 4.5 m

Height 9.8 m 5 m

Volume 3998.4 m3 146.25 m3

< Size comparison of machinery room>
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< Comparison of specific heat >
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< Comparison of temperature & HTC profile >

< Turbomachinery off-design performance map>
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< S-CO2 compressor test loop in KAIST >

CV-1

CV-2

< Schematic diagram of the facility >

Pressure ratio 1.3
Inlet total temperature 31.36 ℃
Inlet total pressure 7599 kPa
Efficiency 56 %
Rotating speed 40,000 rpm

Design conditions of KAIST compressor

*Cho et al., “Optimum loss models for performance prediction of supercritical CO2 centrifugal compressor (2020)
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< Nodalization of SCIEL MARS model >
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< Off-design performance map derived from compressor tests >

< Pressure drop and flow coefficient for normalized area of each control valve >
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< Nodalization of total system model >
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Property Error (%) Property Error (%)

1
T 0.073

7
T 0.056

P 0.04 P 0.4

2
T 0.3

8
T 0.05

P 0.87 P 0.13

3
T 0.69

9
T 0.18

P 0.012 P 0.13

4
T 0.4

10
T 0.016

P 0.17 P 0.0

5
T 0.4

11
T 0.4

P 0.17 P 0.17

6
T 0.003

12
T 0.36

P 0.05 P 0.13

- �̇�𝑚 0.29 - FSR 0.0

Property Error (%)

Hot leg
T 0.06
P 0.0

Cold leg
T 0.097
P 0.0

- �̇�𝑚 0.01

Primary System

Secondary System
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Ahmed et al., “Three-dimensional Simulations of Passively Autonomous Load-follow Operation”, Transactions of the Korean Nuclear Society Autumn Meeting (2019)
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< ATOM reactor feedback coefficients >
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< Control scheme for the S-CO2 system >

 Inventory control is not suitable for nuclear propulsion system -> main mechanism for the proposed system is turbine bypass

16



Transient Analysis
Development of control logic

① Low pressure control to keep the cycle minimum pressure above to critical pressure
② High pressure control to not exceed the primary side pressure

③ Flow split ratio control to maintain the designed value and prevent compressor surge

④ Main compressor inlet temperature control to not deviate significantly from the critical temperature.

Primary pressure

Charge Discharge

𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹 = 𝐹𝐹𝐹𝐹𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜 −
�̇�𝑚𝑀𝑀𝑀𝑀
�̇�𝑚𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

,   FSR : Flow split ratio, SM : Surge margin

𝐹𝐹𝐹𝐹𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐹𝐹𝐹𝐹𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 , 𝑖𝑖𝑖𝑖 𝐹𝐹𝑆𝑆𝑀𝑀𝑀𝑀 & 𝐹𝐹𝑆𝑆𝐹𝐹𝑀𝑀 > 𝐹𝐹𝑆𝑆𝑙𝑙𝑑𝑑𝑚𝑚𝑑𝑑𝑙𝑙

𝐹𝐹𝐹𝐹𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ×
𝐹𝐹𝑆𝑆𝑙𝑙𝑑𝑑𝑚𝑚𝑑𝑑𝑙𝑙

𝐹𝐹𝑆𝑆𝑀𝑀𝑀𝑀
𝑜𝑜𝑜𝑜

𝐹𝐹𝑆𝑆𝐹𝐹𝑀𝑀

𝐹𝐹𝑆𝑆𝑙𝑙𝑑𝑑𝑚𝑚𝑑𝑑𝑙𝑙
, 𝑖𝑖𝑖𝑖 𝐹𝐹𝑆𝑆𝑀𝑀𝑀𝑀(𝑜𝑜𝑜𝑜 𝐹𝐹𝑆𝑆𝐹𝐹𝑀𝑀) < 𝐹𝐹𝑆𝑆𝑙𝑙𝑑𝑑𝑚𝑚𝑑𝑑𝑙𝑙

𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡 − 𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

�̇�𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝑠𝑠
𝑝𝑝+1 = �̇�𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝑠𝑠

𝑝𝑝 × 𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑃𝑃

17
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𝑑𝑑𝑑𝑑
𝑑𝑑𝑡𝑡

=
𝑊𝑊𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 −𝑊𝑊𝑀𝑀𝑀𝑀 −𝑊𝑊𝐹𝐹𝑀𝑀 𝜀𝜀𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡𝑔𝑔𝑙𝑙𝑜𝑜𝑡𝑡 −𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡𝑔𝑔𝑙𝑙𝑜𝑜𝑡𝑡

∑𝑑𝑑 𝑀𝑀𝑑𝑑 𝑑𝑑

𝐸𝐸𝑀𝑀𝑇𝑇𝑃𝑃 =
𝑑𝑑(𝑡𝑡) −𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑖𝑖𝑀𝑀𝑇𝑇𝑃𝑃 = 𝑘𝑘𝑝𝑝𝐸𝐸𝑀𝑀𝑇𝑇𝑃𝑃 + 𝑘𝑘𝑑𝑑 �
0

𝑙𝑙
)𝐸𝐸𝑀𝑀𝑇𝑇𝑃𝑃(𝑡𝑡 𝑑𝑑𝑡𝑡 + 𝑘𝑘𝑑𝑑

𝑑𝑑𝐸𝐸𝑀𝑀𝑇𝑇𝑃𝑃
𝑑𝑑𝑡𝑡

Control Type Kp Ki Kd

P 0.5Ku - -

PI 0.45Ku 0.54Ku/Tu -

PD 0.8Ku - KuTu/10

PID 0.6Ku 1.2Ku/Tu 3KuTu/40

< Ziegler-Nichols method >

Shaft dynamics

⑤ Shaft speed control to maintain electricity 
frequency and prevent shaft overspeed

Ku = 119
Tu = 0.8 s
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< Comparison of load change requirement for nuclear merchant ships >

Parameter NS Savannah NS Otto Hahn NS Mutsu

Displacement (tons) 21,800 25,790 25,790

Reactor thermal power [MWth] 74 38 38

Cruising speed 21 knots (39 km/h) 17 knots (31 km/h) 17 knots (31 km/h)

Load change 
requirement

Increase
(% steam flow)

20% - 80% in 10s
(6%/s)

10% - 100% in 90s
(1%/s)

18% - 90% in 30s
(2.4%/s)

Decrease
(% steam flow)

100% - 20% in 3s
(26.7%/s)

100% - 10% in 1s
(90%/s)

100% - 18% in 1s
(82%/s)
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Transient Analysis
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Transient Analysis
NS-Otto Hahn load change requirement
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Transient Analysis
NS-Mutsu load change requirement
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Transient Analysis
NS-Mutsu load change requirement
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Transient Analysis
Power maneuvering capability of the proposed system

Parameter
NS 

Savannah
NS Otto 
Hahn

NS Mutsu
Proposed 
system

Dead weight (tons) 9,900 14,079 14,079 228,149

Reactor thermal 
power [MWth]

74 38 38 330

Cruising speed
21 knots 
(39 km/h)

17 knots 
(31 km/h)

17 knots 
(31 km/h)

18.5 knots 
(34.3 km/h)

Load 
change 
require
ment

Increase
20%-80% 

in 10s
(6%/s)

10%-100% 
in 90s
(1%/s)

18%-90% 
in 30s

(2.4%/s)

10%-90% 
in 8s

(10%/s)

Decrease
100%-20% 

in 3s
(26.7%/s)

100%-10% 
in 1s

(90%/s)

100%-18% 
in 1s

(82%/s)

100%-10% 
in 1s

(90%/s)

26



Transient Analysis
Effect of fission product poisoning

< Core thermal power and poison reactivity 
simulated by GAMMA+ code >

𝜌𝜌𝑋𝑋𝑑𝑑 = −
𝜎𝜎𝑔𝑔𝑋𝑋𝑑𝑑𝑀𝑀𝑋𝑋𝑑𝑑/Σ𝑜𝑜

𝜈𝜈𝜈𝜈𝜀𝜀 , 𝜌𝜌𝐹𝐹𝑚𝑚 = −
𝜎𝜎𝑔𝑔𝐹𝐹𝑚𝑚𝑀𝑀𝐹𝐹𝑚𝑚/Σ𝑜𝑜

𝜈𝜈𝜈𝜈𝜀𝜀
𝜎𝜎𝑔𝑔 : Microscopic Absorption cross
section
Σ𝑜𝑜 : Macroscopic fission cross section
𝜈𝜈 : Neutron number per fission
𝜈𝜈 : R esonance escape probability
𝜀𝜀 : Fast fission factor
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System Design
Cycle design

< Cycle design results >

Core thermal power [MWth] 330

Primary system 
conditions

Core Coolant Flow rate [kg/sec] 2090

Pressurizer pressure [MPa] 15

Core inlet temperature [℃] 296

Core outlet temperature [℃] 323

Maximum pressure [MPa] 15
Secondary System 

boundaries
Maximum temperature [℃] 315

Minimum temperature [℃] 32

IHX pressure drop [kPa] 100

Assumed mechanical 
properties

High temperature recuperator hot side pressure drop [kPa] 100

High temperature recuperator cold side pressure drop [kPa] 50

Low temperature recuperator hot side pressure drop [kPa] 100

Low temperature recuperator cold side pressure drop [kPa] 50

High temperature recuperator effectiveness [%] 95

Low temperature recuperator effectiveness [%] 90

Turbine efficiency [%] 0.92

Main compressor efficiency [%] 0.85

Recompressing compressor efficiency [%] 0.88

Turbine expansion ratio 1.799 Optimization results 
from KAIST-ESCA codeFlow split ratio [%] 55.857

Turbine work [MWe] 153.58

Cycle design results

Main compressor work [MWe] 18.79

Recompressing compressor work [MWe] 37.2

Cycle net work [MWe] 97.6

Cycle thermal efficiency [%] 29.58
< S-CO2 system design procedure >



System Design
Component design

Start

Input data
- Channel Information : geometry, mass 

flow rate, temperature, pressure
- Target performance : effectiveness, 
pressure drop limit, outlet temperature

Meshing & Calculation
- Meshing : divide active length by mech number

- Calculation : flow area, wetted perimeter, hydraulic 
diameter of hot & cold side

Calculation
- Thermal properties of hot & cold side

- Heat transfer coefficient & Pressure drop

Calculation
- Heat transfer : temperature difference, thermal resistance

Calculation
- Next mesh condition : T, P, thermal property, heat 

transfer

Mesh number = Final ?

| Cold inlet – Cold mesh final | < 1e-4 ?

Output
- Print result

End

Check 
(correlation 
validation)
Previous 

mesh 
condition & 

heat 
transfer

Check 
(correlation 
validation)

Update 
(cold side 

outlet 
condition)

< KAIST-HXD Algorithm >
Baik et al., Verification of Heat Exchanger Design Code KAIST-HXD 
by Experiment (2014)

< Concept of Channel Nodalization in KAIST-HXD code >

HX Location Pr

IHX

Hot in 0.847
Hot out 0.958
Cold in 0.934
Cold out 0.799

HTR

Hot in 0.78
Hot out 0.846
Cold in 1.147
Cold out 0.934

LTR

Hot in 0.846
Hot out 1.246
Cold in 1.9
Cold out 1.16

PC

Hot in 1.246
Hot out 6.089
Cold in 7.0
Cold out 4.34

< Prandtl number profile >

< HX location >
Kim et al., CFD aided approach to design printed circuit heat exchangers for supercritical CO2 Brayton cycle application (2016)
I.H. Kim, “Experimental and Numerical Investigations of Thermal-hydraulic Characteristics for the Design of a Printed Circuit 
Heat Exchanger (PCHE) in HTGRs,” Doctoral dissertation, Korea Advanced Institute of Science and Technology (2012).

< Wavy channel geometry >



System Design
Component design

Helical S.G PCHE IHX
Total # of HX 8 12
Width [cm] 134 80.446
Length [cm] 134 77.2
Height [cm] 600 80.446
Volume [m3] 8.58 0.592

< Design Results of Heat Exchangers >

< Size of Helical S.G and IHX >

Core

S
G

S
G

S
G

S
G

S
G

S
G

S
G

S
G

Core

IHX 

IHX

IH
X

IH
X

IHX (1ea) HTR (1ea) LTR PC

Type PCHE PCHE PCHE Shell and tube

No. of HX 12 4 1 1

No. of mesh 200 200 200 200

Heat load [MW] 27.5 119.67 241.99 232.4

Hot fluid Water (coolant) CO2 CO2 CO2

Cold fluid CO2 CO2 CO2 Water (see water)

Material SS316L SS316L SS316L Inconel 625

Hot channel D 
[mm]

5 (semi-circular) 5 (semi-circular) 5 (semi-circular) 1 (circular tube)

Cold channel D 
[mm]

5 (semi-circular) 5 (semi-circular) 5 (semi-circular) 8.2 (pitch)

Hot channel No. 12000 141000 650000 185000

Cold channel No. 24000 141000 325000 185000

Hot side Avg. Re # 54780 68691 66659 137943

Cold side Avg. Re # 106698 59227 38310 2629

∆𝑃𝑃𝐻𝐻𝑜𝑜𝑙𝑙 [kPa] 55 104.9 106.2 40

∆𝑃𝑃𝑀𝑀𝑜𝑜𝑙𝑙𝑑𝑑 [kPa] 103.2 48.8 49.2 20.6

Length [m] 0.83 2.24 4.55 3.64

Width [m] 0.818 2.29 4.26 2.086 (circular)

Height [m] 0.818 2.29 4.26 2.086 (circular)

Volume [m3] 0.66 13.92 97.8 12.4

Parameters Helical S.G
Mass flow rate [kg/sec] 261

Primary inlet T [oC] 323
Primary outlet T [oC] 294.5
Primary inlet P [MPa] 15

Primary pressure drop [kPa] 55

< Design conditions of SMART Helical S.G >
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< KAIST-TMD Algorithm >< Scale dependence of S-CO2 turbomachinery technology [ANL] >

I. W. Son et al., Design and Evaluation of Supercritical CO2 Axial Turbine for Micro Modular Reactor (2018)
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Main
compressor

Recompression
compressor

Turbine

Geometry �̇�𝑚𝑐𝑐𝑜𝑜𝑡𝑡𝑡𝑡𝑑𝑑𝑐𝑐𝑙𝑙𝑑𝑑𝑑𝑑 vs Pressure ratio �̇�𝑚𝑐𝑐𝑜𝑜𝑡𝑡𝑡𝑡𝑑𝑑𝑐𝑐𝑙𝑙𝑑𝑑𝑑𝑑 vs Efficiency

< Design results of turbomachinery >



System Design
Component design

Location Velocity [m/s] Do [m] Thickness [m] Length [m]

1 7.834 2.032 0.2062 3

2 11.668 2.032 0.1427 0.6

3 7.304 2.032 0.1427 0.5

4 6.039 1.829 0.1427 1.2

5 5.861 1.422 0.1427 0.6

6 4.216 0.965 0.1113 2.8

7 4.854 0.965 0.2062 1.8

8 4.873 1.321 0.2062 1.2

9 5.515 1.626 0.2062 0.6

10 6.065 2.032 0.2062 3

11 5.612 1.321 0.1588 1.6

12 5.065 1.219 0.2223 1.2 < Configuration of S-CO2 power conversion system >
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Accurate
CO2

properties

Turbomachinery model

PCHE model

< Conceptual diagram of MARS code improvements >
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< Comparison of internal energy >
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< Comparison of specific heat >

P ; 7.5, 8.0, 8.5 [MPa] T ; 32 - 45 [oC] ( Pcr = 7.39MPa, Tcr = 31.1 oC )Test range :
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Cold in

Hot in

Cold in

Development of System Analysis Code
Improvements of MARS code

HXD Parameters IHX

Hot side �̇�𝑚 [kg/sec] 129.5

Cold side �̇�𝑚 [kg/sec] 135.44

Hot side De [m] 9.7762e-4

Cold side De [m] 9.7762e-4

Heated length [m] 0.2771

Flow area [m2] 0.08907

Total heated area [m2] 100.98

Mesh [#] 10

TMDPVOL

SNGLVOL

SNGLVOL

TMDPVOL

SNGLVOL

TMDPVOL

SNGLVOL

TMDPVOL

Modified MARS

PI
PE

PIPE

TMDPJUN

TMDPJUN

SNGLJUN

SNGLJUN

SNGLJUN

SNGLJUN

SNGLJUN

SNGLJUN

Hot Side (Water) Cold Side (CO2)

< Test of the newly added PCHE model >
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[ρvA(
1
2𝑣𝑣

2 + h)]1= [ρvA(
1
2𝑣𝑣

2 + h)]2+(𝜌𝜌𝑣𝑣𝜌𝜌)1𝑊𝑊
1
2
𝑣𝑣22 −

1
2
𝑣𝑣12 = − ℎ2 − ℎ1 −𝑊𝑊

Isentropic Process ∶ dh =
1
𝜌𝜌 𝑑𝑑𝑃𝑃

ℎ2 − ℎ1 =
1
𝜌𝜌 (𝑃𝑃2 − 𝑃𝑃1)

W = −η�𝑑𝑑ℎ = −η�
1
𝜌𝜌
𝑑𝑑𝑃𝑃

W = −η
1
𝜌𝜌

(𝑃𝑃2 − 𝑃𝑃1)

1
2
𝑣𝑣22 −

1
2
𝑣𝑣12 = −

(1 − 𝜂𝜂)
𝜌𝜌

(𝑃𝑃2 − 𝑃𝑃1)

𝛼𝛼𝑑𝑑𝜌𝜌𝑑𝑑
𝜕𝜕𝑣𝑣𝑑𝑑
𝜕𝜕𝑡𝑡 + 𝑣𝑣𝑑𝑑

𝜕𝜕𝑣𝑣𝑑𝑑
𝜕𝜕𝑥𝑥 = −𝛼𝛼𝑑𝑑 1 − 𝜂𝜂

𝜕𝜕𝑃𝑃
𝜕𝜕𝑥𝑥

− 𝑀𝑀𝑑𝑑

𝛼𝛼𝑜𝑜𝜌𝜌𝑜𝑜
𝜕𝜕𝑣𝑣𝑜𝑜
𝜕𝜕𝑡𝑡

+ 𝑣𝑣𝑜𝑜
𝜕𝜕𝑣𝑣𝑜𝑜
𝜕𝜕𝑥𝑥

= −𝛼𝛼𝑜𝑜 1 − 𝜂𝜂
𝜕𝜕𝑃𝑃
𝜕𝜕𝑥𝑥 − 𝑀𝑀𝑜𝑜

Turbine momentum equation

ℎ2 ≠ ℎ2

TMDPVOL PIPE TURBINE BRANCH TMDPVOL

TMDPJUN SNGLJUN

Design / MARS (error)
P [MPa] : 19.681 / 19.695 (0.07%)

T [K] : 583.15 / 583.23 (0.01%)
h [kJ/kg] : 740.472 / 740.543 (0.01%)

Design / MARS (error)
P [MPa] : 8.1159 / 8.1417 (0.32%)
T [K] : 494.99 / 507.33 (2.49%)

h [kJ/kg] : 664.0445 / 677.946 (2.09%)

�̇�𝑚 = 2319.651 𝑘𝑘𝑘𝑘/𝑠𝑠

MARS-KS 1.4 Theory Manual

< Test results of S-CO2 turbine in the original MARS code >
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MC

Turbine

7.8359 / 7.8227 (0.17%)
32.0 / 31.96 (0.12%)

20.0 / 19.999 (0.005%)
58.7 / 58.7 (0%)

19.681 / 19.740 (0.3%)
310.0 / 310.34 (0.11%)

8.1159 / 8.14 (0.3%)
221.84 / 222.11 (0.12%)

RC7.9159 / 7.8527 (0.79%)
62.7 / 62.5 (0.32%)

19.9 / 19.899 (0.005%)
146.79 / 146.81 (0.01%)

P [MPa] Design / Modified MARS (error)
T [oC] Design / Modified MARS (error)

�̇�𝑚𝑐𝑐 =
�̇�𝑚 𝑛𝑛𝑑𝑑𝐹𝐹𝑅𝑅𝑀𝑀

𝑛𝑛𝑑𝑑𝑃𝑃
𝑛𝑛𝑑𝑑𝑃𝑃
𝑛𝑛𝑑𝑑𝐹𝐹𝑅𝑅𝑀𝑀 𝐹𝐹𝑑𝑑𝑜𝑜

𝑁𝑁𝑡𝑡𝑝𝑝𝑚𝑚,𝑐𝑐 =
𝑁𝑁𝑡𝑡𝑝𝑝𝑚𝑚
𝑛𝑛𝑑𝑑𝐹𝐹𝑅𝑅𝑀𝑀

𝑛𝑛𝑑𝑑𝐹𝐹𝑅𝑅𝑀𝑀 𝐹𝐹𝑑𝑑𝑜𝑜

∆𝐻𝐻𝑐𝑐=
∆𝐻𝐻

𝑛𝑛𝑑𝑑𝐹𝐹𝑅𝑅𝑀𝑀
𝑛𝑛𝑑𝑑𝐹𝐹𝑅𝑅𝑀𝑀 𝐹𝐹𝑑𝑑𝑜𝑜

𝑛𝑛𝑑𝑑 = −
𝑣𝑣
𝑃𝑃

𝜕𝜕𝑃𝑃
𝜕𝜕𝑣𝑣 𝑑𝑑

𝑀𝑀,𝑃𝑃, �̇�𝑚,𝐹𝐹𝑃𝑃𝑆𝑆 𝑃𝑃𝑜𝑜, 𝑒𝑒𝑖𝑖𝑖𝑖
Inlet Conditions Performance

Corrected properties

+ ∆ℎ𝑔𝑔𝑑𝑑𝑑𝑑

+ ∆𝑃𝑃𝑔𝑔𝑑𝑑𝑑𝑑

Original momentum conservation equation

Original energy conservation equation
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CEA Similitude Model

< Test results of designed turbomachinery in the modified MARS code >< Modified governing equations for turbomachinery>
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