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Externally Fired Combined Cycle Solid Oxide Fuel Cell 

Hydrogen production SïI 

thermochemical cycle  Recuperative microturbine system  High Temperature gas cooled Reactor 

Solar energy system 

Applications of High Temperature Heat Exchangers (HTHEs)  

1.Introduction  1.Introduction  
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Eg.1: Microturbine system with recuperative cycle and EFGT cycle  

üSystemôs electricity efficiency may 

be improved up to 30% with a 

recuperator.  

üGas turbines: strict requirements for 

the cleanliness of flue gas  (erosion, 

incrustation, and corrosion).  

HTHE is one of the 

crucial elements  

Microturbine system with recuperative cycle and EFGT cycle 

1.Introduction  1.Introduction  
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1/2O2+SO2 + H2O SO2+2H2O+I2  I2 + H2 

2HI  H2SO4 

SO2 
H2 O2 

H2O 
I2 

H2SO4  H2SO4 + 2HI 2HI  
900-C 

VHTR intermediate heat 

exchanger (IHX)   

Decomposition  

Tmax = 950ᴈ 

Ůmax = 95% 

1.Introduction  1.Introduction  

S-I thermochemical hydrogen production  

Eg.2: Very high temperature reactor (VHTR) and hydrogen production  

           ---HTHE is one of crucial elements for use!   
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Higher Temperature, Higher Pressure 

e.g.   Recuperator for microturbine system >650ᴈ 

         Hydrogen production >850ᴈ  

         IV generation high temperature gas-cooled reactors >900ᴈ 

         Solid oxide fuel cells >1000ᴈ 

         Externally fired gas turbine cycle >1000ᴈ 

Chemical, Metallurgical, Glass and Waste (C. Luzzatto et al) 

Maximum temperature: 1500ᴈ 

Maximum pressure: 2.5 MPa 

Maximum differential pressure: 0.6 MPa 

Developing trends of HTHE  

Luzzatto C, Morgana A, Chaudourne S, O'Doherty T, Sorbie G. A new concept composite 

heat exchanger to be applied in high-temperature industrial processes. Appl Therm Eng 

1997; 17: 789-797 

1.Introduction  1.Introduction  



9 

Very expensive 

superalloy and 

ceramic 

1.Introduction  1.Introduction  

University of California, Berkeley 

University of Nevada 
German Aerospace Center 

Idaho National Laboratory  

Ohio State University 

What should we do for HTHEs?  

ÉMore compact heat transfer structure to improve efficiency and 

save cost  

Plate-fin heat exchanger 
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Bayonet tube heat exchanger 

High temperature creep 

and deformation 

1.Introduction  1.Introduction  

University of Nevada 
Cardiff university  

 Sandia National Laboratory 

What should we do for HTHEs?  

É  More reliable heat transfer structure to improve safety  
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2. HXs with Inner/Outer Fins 

Background 

×Fin-and-tube (tube-fin) heat exchangers are encountered in many power 

engineering, chemical applications such as compressor inter-coolers, air-

coolers and fan coils  

×Fins are usually used on gas-side to enlarge the heat exchanger surface and 

hasten the disturbance of the flow 

×Gas-liquid: outside fin and tube HEX (as usual) 

Heat Transfer Enhancement for Gas (Convective) 
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2. HXs with Inner/Outer Fins 

Multi -Stage Compressor 

System (inter -cooling)   

gas-in  

gas-out  

impeller  

intercooler  

üIncreasing  the gas velocity  to enhance  heat  

transfer  (compressed  air  ï cooling  water ) 

HXs with Inner  Fins 
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2. HXs with Inner/Outer Fins 

Compressor intercooler   

One-end Blocked  

inserted tube  
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--- Major Concerns   

I. The Effect of Center Tube  (Diameter)?  

II. The Effect of Longitudinal Fin  Profiles?  

III. The Effect of Fin Cross -Section Profiles?  

IV. How to Evaluate  Comprehensive Performance?  

2. HXs with Inner/Outer Fins 
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m

p A
b
FÖ
=
D Ö

benefit  

cost  

Beneficial Coefficient  

2. HXs with Inner/Outer Fins 
Effect of Blocked Core -Tube Diameter  
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 Velocity field and temperature field at different ratio 

under identical moderate pressure drop (not to scale)   

2. HXs with Inner/Outer Fins 
Effect of Blocked Core -Tube Diameter  
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Effect of Blocked Core -Tube Diameter  

See: Effect of Blocked Core -Tube Diameter on Heat Transfer Performance of Internally 

Longitudinal Finned Tubes, Heat Transfer Engineering, 29(1): 107 ï115, 2008 

2. HXs with Inner/Outer Fins 
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Effect of Fin Longitudinal Profiles  

Velocity distributions at different 

streamwise locations (Re=2713)  

 a- interrupted wavy fin,  

 b- sinusoidal wavy fin,  

 c- plain fin  

2. HXs with Inner/Outer Fins 
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Effect of Fin Longitudinal Profiles  

Enhanced heat transfer performance 

based on the area goodness factor  

Comparisons of Nusselt number 

and j/jp with Reynolds number  

See: Computational Analysis of Heat Transfer and Pressure Drop Performance for 

Internally Finned Tubes with Three Different Longitudinal Wavy Fins, Heat and Mass 

Transfer, 45: 147 -156, 2008  

2. HXs with Inner/Outer Fins 
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Effect of Fin Cross -Section Profiles  

2. HXs with Inner/Outer Fins 



22 

      Choose  the tube  with  V-shaped  fin  profiles  to be the base 

tube  for  comparisons .  

 

Identical  mass  flow  rate : 

̂AcRe/Dh̃s or z=̂AcRe/Dh̃v     

                                                                                

Identical  pumping  power : 

̂AcRe3/Dh
4̃s or z=̂AcRe3/Dh

4̃v  

 

Identical  pressure  drop : 

 ̂fRe2/Dh
3̃s or z=̂fRe2/Dh

3̃v                                                          

s or z h h s or z

v h h v

ū (NuA /D )
=

ū (NuA /D )

Effect of Fin Cross -Section Profiles  

2. HXs with Inner/Outer Fins 



23 

Friction factors and Nusselt numbers 

S-shaped :   Nu=0.113Re0.567̆f=3.39Re-0.579                                                                    

 

Z-shaped :   Nu=0.09Re0.601̆ f=1.82Re-0.524    

                                              

V-shaped :   Nu=0.077Re0.598̆f=1.9Re-0.533 

Effect of Fin Cross -Section Profiles  

2. HXs with Inner/Outer Fins 



24 

identical pumping power   

identical pressure drop   
Z-shape is the best  

Effect of Fin Cross -Section Profiles  

See: Effect of Lateral Fin Profiles on Turbulent Flow and Heat Transfer Performance of 

Internally Finned Tubes, Applied Thermal Engineering, 29: 3006 -3013, 2009 

identical mass flow rate   

2. HXs with Inner/Outer Fins 
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Summary 
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2. HXs with Inner/Outer Fins 
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Internally finned tube 

Used for gas -gas 

HTHE ? 

Bayonet Tube HTHE with Inner and Outer Fins  

Externally finned tube 

Tube with inner  

and outer fins 

2. HXs with Inner/Outer Fins 
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Advantages of novel bayonet tube HTHE with 

inner and outer fins: 

É Fins are welded outside and inside outer tubes  

É Combination of superalloys and stainless steels 

High temperature zone, 

made of superalloys 

Low temperature zone, 

Made of stainless steel 

Bayonet Tube HTHE with Inner and Outer Fins  

2. HXs with Inner/Outer Fins 
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ê Fins are employed outside and inside outer 

tubes of bayonet-elements  

ê 2nd zone:  high temperature zone, made of 

nickel-based superalloys   

ê  3rd zone:  low temperature zone, made of 

stainless steel 

Outer tube

Back tubesheet

Baffle
Inner tube

Outer fin

Frontal 

tubesheet

Hot gas inlet

Hot gas outlet

Cold air outlet

Longitudinal baffle Refractory layer

3rd Zone

2nd Zone

Cold air inlet

1st Zone

Bayonet Tube HTHE with Inner and Outer Fins  

2. HXs with Inner/Outer Fins 


