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Characteristics： 

• Helical baffles 

• Spiral flow in shell side 

• Mixed refrigerant in shell side 

• Seawater in tube side 

Advantages: 

• Good performance in shell side 

• Small pressure drop in shell side 

• Less possibility for scaling 

• Smaller bundle vibration 

The seawater heat exchangers with helical baffles have 

been widely applied in natural gas liquefaction plants. 
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Designed with reference to traditional methods.  



Background 

Specific factors ignored in traditional methods 

Heat transfer and mass transfer in the shell-side 

Properties of refrigerants change along the shell. 

Seawater properties are different from pure water. 

The structure of helical baffles 

 

Accurate design calculation method for the seawater 

heat exchangers with helical baffles is necessary . 
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           Seawater Properties Calculation 

        IAPWS-2008 is used in the simulation. 

       Salinity: 0%-9%               Temprature: 0℃-100℃ 

Developmets of seawater property calculation: 

      PSS-78       EOS-80       IAPWS-95         IAPWS-2008 

Accuracy：low      high              Range：small      large 

IAPW-2008  Model                                                     Look-up-table 

Density  

Dynamic viscosity  

specific heat 



        Fast Property Calculation for  

Mixed Refrigerant 

Methods: 

Traditional mix proportion  

Fitting calculation of the traditional 

mixture properties based on 

GERG-2008 

Extensions for other proportion 

 
Test: 

Precision: Max Error<2%     

                      Average Error<0.5% 

Speed:     104 times faster than GERG 
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            Algorithm Design 

Control units 

 

 

 

 

 

 

 

Energy balance equations: 

 

 

 

 

 

Control units are divided according to the number of baffles(k). 

Subcooling and superheated sections should be calculated separately. 

Superheated Subcooling Two-phase 

1 2 3 …... k k+1 k+2 



 Algorithm Design 

Gas phase fraction 

calculation

Shell-side heat 

transfer coefficient 

calculation

Local heat transfer 

coefficient calculation

Property calculation 

functions

Inlet and outlet 

temperature

Inlet and outlet 

enthalpy

Thermal load 

calculation
LMTD calculation

Length and heat 

transfer area 

calculation

Pressure drop 

calculation

Heat exchanger 

segmentation

Calculation flow chart  for each section  
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Design Module Check Module 
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Heat transfer equations 
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        Heat transfer equations 



Tube-side heat transfer coefficient ： 

 

 

 

 

Shelll-side heat transfer coefficient ： 

 

 

 

 

 

 

 

 

 

       Heat Transfer Calculation 
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      Single phase 

Two-phase 



Tube-side pressure drop: 

 

 

 

Shell-side pressure drop: 

 

 

 

 Two-phase multiplier for two-phase fluid: 

 

 

 

           Pressure Drop Calculation 
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Software framework 

Thermal 

Parameters Input
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Input Overview 

Warning messages 
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Choose parameters Change the range 

1pass 

2passes 
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Results (chart)  

Parameters showed 

Tube side coefficient 、temperature 

Shell side 
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Whole coefficient、heat flux 
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Conclusions 

 
1)  A segmentation parameters model is developed, which could reflect  

     heat transfer and mass transfer in the shell side  

2)  The IAPWS-2008 method is used for the seawater properties and a fast 

     property calculation is built for the shell side.  

3)  Considering the influence of the helical baffle structure, the modified 

     two-phase heat transfer and pressure drop correlations are developed.  

4)  A design software framework is set up and a friendly graphic user 

     interface is developed.  

5)  The method can be used to study the influence of heat exchanger 

     structures and to guide for the seawater heat exchanger design.  



Thank you！ 


