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Recuperator

Direct Contact Heat Exchanger

Regenerator



Recuperator

(Fin-and-tube Heat Exchanger)
(Shell and Tube Heat Exchanger)

(Plate Heat Exchanger)
(Spiral Heat Exchanger)
(Tube in Tube Heat Exchanger) 

Cross flow Heat Exchanger



Typical fin-and-tube heat exchanger (a) individual circular fin; (b) 
continuous wavy fin; (c) conventional air-cooled heat exchanger

(a)                                                              (b)

 

(c)
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Shell and Tube Heat Exchanger



Typical enhanced tubes 

( )



Shell side boiling Shell side condensation

Microfin tube used in tube side augmentation

Benefits: increase 100% more heat transfer coefficients with 
only 10~50% increase of pressure drops



Heat transfer and 
pressure drop 
during 
condensation of 
refrigerants inside 
horizontal 
enhanced tubes, 
Int. J. Refrig., 23 
(2000) 4-25



1970 1980 1990 2000

12.7mm(1/2 ) 9.52mm
(3/8 ) 7.94mm

(5/16 )

6.35mm (1/4 )
5mm,4mm

7mm

Fig.
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(Tube-in-Tube Heat Exchanger)

(a)
(b)

(c) (d)



Shell < 100 mm

( Leakage & 
bypass loss)

Guideline (ESDU 92013):
25%

20

Highly flexible (
), sealing may be a 

problem.
Maximum 
temperature/pressure 
constraints.

(
)



Plate HX
21

22



(a) brazed type;  
(b) working principle; (c) cross 
section

(a) (b) (c)

24

(a) (washboard)
(b)Z (zig-zag)
(c) (chevron or 
herringbone)
(d)
(protrusions and 
depressions)
(e) 
(washboard with second 
corrugation)
(f) (oblique 
washboard)

(c) 



25

( )

10~25%

1/2~1/3

1/4~1/5
1/2

1 C 93%

Spiral HX 26



27Spiral Heat Exchanger

28

Cross flow
effectiveness 

Cooling 
tower 
Induced draft 

fan

A-frame Steam 
condensation

1 in. 
with 2 in. wound fins. Fin 
pitch ~ 11 fins/in.

2~ 5 m/s.
Row number: 3~8. 



Air-cooled HX
29

Air-cooled condenser
30



Plate fin HX 31



Extended surfaces

Which is better?

(wavy)

(louver) (louver)

(slit) (slit)

convex 
louver

Boundary layer restart & Mixing

x

Plain fin - continuous fin

x

average

Interrupted surface

average

Performance Performance



700 m2/m3
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20 10 560 40

10060 1000500200
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32

c,out

c,inT

h,inT
T

Th,out



(crossflow)

(pass)

38?

(thermal conductivity)

(compactness)



Innovative  Designs for Extended Surfaces

Heat Pipe HX
40



Fixed Bed regenerator

Rotary HX



Air-to-air Cross Flow Heat Exchanger

 Stream A 

Heat Flow 

Time period (a) 



Hot blast stove Fixed Bed type regenerator

(a) Working Principle & (b) Rotary 
wheel



Cooling Tower

Tray-type direct HX & Spray condenser
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(Cont.)

Fig.

h
T Tw1

h
1
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w2T
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Q

Q
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Q=q A 

R=RA+RW+RB

q=(Th-Tc)/R

q 

RW

21
Th

RA

Tc
RB

Recap & Quick overview
Q = UA Tm

Q : 

A : 

Tm: 



(Conti.)

( ohoAo ~ ihiAi)



 
 

(absolute)  
   

  
 

Air-cooled  500 bar  
( ) 

600 °C  
( )  

5 ~350 m2 (
)

  
  

  16~25 bar  
(

40 bar) 

-25~ 200°C.  

 

1 ~to 1200 m2 
 

 

  1 bar  ~ 600°C.  

 

   

  300 bar (
) 

1400 bar 
( ). 

100 to 600°C 
(

) 
 

0.25 ~ 200 m2 per 
unit  multiple units 
are often used.  

High thermal efficiency, standard 
modular construction.  

Heat-pipe  ~ 1 bar 
200°C 

 

Low pressure 
gases.  

100 ~ 1000 m2. 
 

 
Plate-fin  

100 bar  
( ) 
200 bar  
( ) 

273~150°C (
) 

~ 600°C  
( ) 

Low fouling.  
9  m3 

Very small possible. Incorporation 
of multiple streams. Very large 
surface area per unit volume. DT  

Printed-circuit  1000 bar  800°C 
( )  

Low fouling 1 to 1000 m2  Very large surface area per unit 
volume. Stainless steel or higher 
alloys normal construction 
material.  

Rotary regenerators  ~ 1 bar  980°C.  Low pressured 
gases.  

 Inter-stream leakage must be 
tolerated  

Shell-and-tube  300 bar 
( ). 
1400 bar 
( ).  

25 ~ 600°C (

) 

 
10 to 1000 m2 (per 
shell  multiple shells 
can be used).  

Very adaptable and can be used for 
nearly all applications.  

 
Spiral  

18 bar  ~ 400°C  Subject only to 
materials of 
construction. 
Often used for 
fouling duties.  

~ 200 m2.  High heat transfer efficiency. 
Cylindrical geometry useful as 
integral part of distillation tower.  

 

Recuperator (
)

Regenerator ( )

Direct-contact HX ( )

( )

( )
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