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SNL compressor performance map, from Wright et al. (2010)

Dyreby’s method
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KAIST-TMD:

• Private 1D mean-line based tool to size centrifugal compressors and generate performance maps.

• Developed by Lee (2016) for the design of sCO2 centrifugal compressors.

• Used by collaborators i.e., Cho et al. (2019) and Jeong et al (2020) for compressor-focused studies.

1D mean-line codes
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KAIST-TMD:

• Private 1D mean-line based tool to size centrifugal compressors and generate performance maps.

• Developed by Lee (2016) for the design of sCO2 centrifugal compressors.

• Used by collaborators i.e., Cho et al. (2019) and Jeong et al (2020) for compressor-focused studies.

AlFa CCD:

• Private 1D mean-line based tool to size centrifugal compressors and generate performance maps.

• Developed by Ameli et al (2018) for the design of sCO2 centrifugal compressors.

1D mean-line codes
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Compared to this work:

• Fewer compressor components considered.

• Models not fully documented.

• Different correlation sets applied.

• Verification results leave room for improvement.

1D mean-line codes
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Verification results, from Lee (2016) 

Verification results,  from Ameli et al. (2018)

1D mean-line codes
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Model development
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SNL compressor wheel, from Wright et al. (2010) 

Model verification
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Specification Units Value 
Known, from Wright et al. (2010) 
Number of full blades - 6 
Number of splitter blades - 6 
Number of vaned diffuser channels - 17 
Blade angle at impeller inlet ° 50.0 
Blade angle at impeller exit (backswept) ° 50.0 
Vaned diffuser angle at diffuser inlet ° 71.5 
Hub radius mm 2.54 
Shroud radius mm 9.37 
Impeller exit radius mm 18.68 
Tip clearance mm 0.254 
Blade thickness mm 0.76 
Blade height at exit mm 1.71 
Nominal mass flow rate kg/s 3.53 
Total pressure at inlet kPa 7687 
Total temperature at inlet °C 32.15 
Assumed 
Ratio of splitter blade to full blade meridional length - 0.5 
Blade angle at impeller inlet (at hub, mean position and 
shroud) 

° 50.0 

Vaned diffuser inlet diameter mm 40 
Vaned diffuser exit diameter mm 75 
Vaned diffuser height mm 1.71 
Collector exit diameter mm 29.89 

 

Model verification
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Images of SNL compressor, from Wright et al. (2010)

Model verification
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Verification results, test data from Wright et al. (2010)

Model verification
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Given boundary values
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Use Balje diagram

Efficient 
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Sizing method
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LPC preliminary HPC preliminary RCC preliminary LPC final HPC final

Marked up specific diameter-speed diagram, original image from Balje (1981)

𝑑𝑑𝑠𝑠 =
𝐷𝐷1 ℎ5.𝑠𝑠𝑠𝑠 − ℎ0.0

1
4

𝑚̇𝑚
𝜌𝜌0

1
2

𝑛𝑛𝑠𝑠 =
𝜔𝜔 𝑚̇𝑚

𝜌𝜌0

1
2

ℎ5.𝑠𝑠𝑠𝑠 − ℎ0.0
3
4

Initial sizing

Slide 26Paper #20 8th International sCO2 Power Cycles Symposium ● February 27 – 29, 2024 ●  San Antonio, TX, USA



Specification Units LPC HPC 
Design criteria 
Mass flow rate kg/s 397 397 
Total pressure at inlet kPa 7353 9768 
Total temperature at inlet °C 45 45 
Total pressure ratio - 1.356 2.560 
Total-to-total efficiency (target) % 89 89 
Fixed variables 
Number of full blades - 19 19 
Number of vaned diffuser channels - 28 28 
Nominal design speed rpm 9000 9000 
Optimised variables 
Hub to shroud radius ratio - [0.3, 0.6] 
Shroud to tip radius ratio - [0.35, 0.65] 
Vaned diffuser inlet to impeller exit radius ratio - [1.025, 1.075] 
Vaned diffuser exit to inlet radius ratio - [1.25, 1.75] 
Inlet swirl angle ° [0, 35] 
Blade angle at impeller inlet (mean position) ° [25, 50] 
Blade angle at impeller exit (backswept) ° [25, 50] 

  
      

              
         
         

          
        
     

     
      

       
       
       

     
      

    
      
      

        
     

      
     

     
 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = 𝑋𝑋1
𝜂𝜂𝑇𝑇𝑇𝑇 − 𝜂𝜂𝑇𝑇𝑇𝑇.𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝜂𝜂𝑇𝑇𝑇𝑇.𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
+ 𝑋𝑋2

𝜂𝜂𝑇𝑇𝑇𝑇 − 𝜂𝜂𝑇𝑇𝑇𝑇.𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝜂𝜂𝑇𝑇𝑇𝑇.𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝑋𝑋1 = 0.9;𝑋𝑋2 = 0.1

Slide 27Paper #20 8th International sCO2 Power Cycles Symposium ● February 27 – 29, 2024 ●  San Antonio, TX, USA

1D model inputs



    
  

      
       
       
      

      
  

       
        
      

  
        

        
           
          

      
          
         

Calculated geometry 
Inlet swirl angle ° 35 17.5 
Blade angle at impeller inlet (at hub, mean position and shroud) ° 25.5 37.5 
Blade angle at impeller exit (backswept) ° 49.5 37.5 
Vaned diffuser mean flow path angle ° 60.5 68.5 
Blade height at exit; vaned diffuser height mm 29.280 8.334 
Inlet guide vane upstream diameter mm 200.7 137.0 
Hub diameter mm 70.0 70.5 
Shroud diameter mm 232.6 157.6 
Impeller exit diameter mm 358.0 450.2 
Vaned diffuser inlet diameter mm 384.9 483.9 
Vaned diffuser exit diameter mm 672.6 846.8 
Volute exit diameter  mm 211.3 105.5 
Axial length mm 115.80 91.33 
Inertia kg-mm2 78 968 181 881 
Performance at design point 
Minimum flow coefficient - 0.0382 0.0084 
Maximum flow coefficient - 0.1339 0.0314 
Volume flow rate at inlet m3/s 2.062 0.8986 
Isentropic head kJ/kg 11.61 27.30 
Total-to-total efficiency (actual) % 88.79 89.07 
Total-to-static efficiency % 80.59 80.19 
Compressor power MW -5.193 -12.166 

 

Specification Units LPC HPC 
  

      
       
       
      

      
  

       
        
      

  
        

        
           
          

      
          
         

  
      

              
         
         

          
        
     

     
      

       
       
       

     
      

    
      
      

        
     

      
     

     
 

1D model results
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Pressure (kPa) Temperature (degC) Mass Flow (kg/s) PR eta_TT CM CS DELTAh_0_s (kJ/kg) eta_TT Q_dot_in (m3/s) Speed (rpm)
6549.01 38.65 483.80 1.15 0.62 130.40 504.60 5.69 0.64 2.86 9000
7381.07 52.71 556.27 1.05 0.27 136.00 504.60 1.24 0.19 3.23 9000
6649.79 45.57 411.97 1.22 0.78 110.60 504.60 8.05 0.78 2.57 9000
6820.67 49.59 358.89 1.28 0.86 94.52 504.60 10.37 0.86 2.23 9000
8142.50 49.29 541.28 1.29 0.83 119.40 504.60 9.18 0.83 2.44 9000

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

Performance maps
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358 x 116

LPC HPC

450 x 91

CAD models
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CAD models
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358 x 116

LPC HPC

450 x 91



HPC
LPC

For the HPC, when operating at the highest speed and flow rate, a two-phase flow state may be encountered.

Minimum static temperatures
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• Dynamic compressor models are required for transient simulation studies of sCO2 cycles.

• Most researchers apply Dyreby’s correlations, which is useful, but has shortcomings.

• Except for KAIST-TMD and AlFa CCD, which are not fully documented and leave room for improvement, there are no 
suitable tools available to size and develop performance maps for sCO2 radial compressors.

Summary and conclusions
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• Dynamic compressor models are required for transient simulation studies of sCO2 cycles.

• Most researchers apply Dyreby’s correlations, which is useful, but has shortcomings.

• Except for KAIST-TMD and AlFa CCD, which are not fully documented and leave room for improvement, there are no 
suitable tools available to size and develop performance maps for sCO2 radial compressors.

• In this work:
•  A 1D mean-line code to size centrifugal compressors was developed and verified.

• The code was used to size centrifugal compressors and develop performance maps.

• 3D models were developed to estimate the inertia of the compressors.
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• Dynamic compressor models are required for transient simulation studies of sCO2 cycles.

• Most researchers apply Dyreby’s correlations, which is useful, but has shortcomings.

• Except for KAIST-TMD and AlFa CCD, which are not fully documented and leave room for improvement, there are no 
suitable tools available to size and develop performance maps for sCO2 radial compressors.

• In this work:
•  A 1D mean-line code to size centrifugal compressors was developed and verified.

• The code was used to size centrifugal compressors and develop performance maps.

• 3D models were developed to estimate the inertia of the compressors.

• The maps and inertia values may be used to model compressors in simulation software.

• The methods employed in this work may be used by others to model centrifugal compressors.

Summary and conclusions
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Q&A



PC: Pre-cooler

IC: Intercooler

LPC: Low pressure compressor

HPC: High pressure compressor

RCC: Recompression compressor

MH: Main heater

RH: Reheater

HPT: High pressure turbine

LPT: Low pressure turbine

LRX: Low temperature recuperator

HRX: High temperature recuperator

_C: Cold side

_H: Hot side
G: Generator

Partial cooling with reheating cycle

Recompression with intercooling and reheating cycle

Cycles of interest
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Mollier diagram
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Mass Balance (all elements)

𝑚̇𝑚 = 𝜌𝜌𝜌𝜌𝜌𝜌

Energy Balance (impeller)

ℎ0.𝑜𝑜𝑜𝑜𝑜𝑜.𝑠𝑠 = ℎ0.𝑖𝑖𝑖𝑖 − 𝑤𝑤𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − ∆ℎ𝑖𝑖𝑖𝑖𝑖𝑖.𝑖𝑖𝑖𝑖𝑖𝑖

ℎ0.𝑜𝑜𝑜𝑜𝑜𝑜 = ℎ0.𝑖𝑖𝑖𝑖 − 𝑤𝑤𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + ∆ℎ𝑖𝑖𝑖𝑖𝑖𝑖.𝑒𝑒𝑒𝑒𝑒𝑒

Energy Balance (other elements)

ℎ0.𝑜𝑜𝑜𝑜𝑜𝑜.𝑠𝑠 = ℎ0.𝑖𝑖𝑖𝑖 − ∆ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

ℎ0.𝑜𝑜𝑜𝑜𝑜𝑜 = ℎ0.𝑖𝑖𝑖𝑖

Entropy Balance (all elements)

𝑠𝑠𝑖𝑖𝑖𝑖 = 𝑓𝑓(𝑃𝑃𝑖𝑖𝑖𝑖,𝑇𝑇𝑖𝑖𝑖𝑖)

𝑠𝑠𝑜𝑜𝑜𝑜𝑜𝑜.𝑠𝑠 = 𝑠𝑠𝑖𝑖𝑖𝑖
𝑃𝑃0.𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑓𝑓(ℎ0.𝑜𝑜𝑜𝑜𝑜𝑜.𝑠𝑠, 𝑠𝑠𝑜𝑜𝑜𝑜𝑜𝑜.𝑠𝑠)

𝑇𝑇0.𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑓𝑓(ℎ0.𝑜𝑜𝑜𝑜𝑜𝑜,𝑃𝑃0.𝑜𝑜𝑜𝑜𝑜𝑜) 

Governing equations
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Real gas fluid property relationships

ℎ0 = ℎ +
1
2
𝑐𝑐2

ℎ,𝜌𝜌, 𝜈𝜈, 𝑠𝑠𝑠𝑠 = 𝑓𝑓(𝑃𝑃,𝑇𝑇)

Work and efficiency definitions

𝑤𝑤𝑐𝑐.𝑠𝑠 = ℎ0.0 − ℎ0.5.𝑠𝑠𝑠𝑠

𝑤𝑤𝑐𝑐 = ℎ0.0 − ℎ0.5

𝜂𝜂𝑇𝑇𝑇𝑇 =
ℎ0.0 − ℎ5.𝑠𝑠𝑠𝑠

𝑤𝑤𝑐𝑐

𝜂𝜂𝑇𝑇𝑇𝑇 =
𝑤𝑤𝑐𝑐.𝑠𝑠

𝑤𝑤𝑐𝑐

Governing equations
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Correlations
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Software
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