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 In this paper, multi objective genetic algorithm is applied to optimize one type of recuperator in a 200 
kW microturbine by considering two key parameters such as recuperator efficiency and cost. -NTU 
method is selected for the recuperator efficiency and pressure drop calculation. The recuperator total 
cost consists of capital cost, operational cost and maintenance cost. A plate-fin heat exchanger with 
offset strip fin for counter and cross flow arrangements is chosen for optimization. Fin pitch, fin height, 
fin offset length, cold stream flow length, non-flow stream length and hot stream flow length are 
considered as six design parameters. NSGA-II (Non-dominated Sorting Genetic Algorithm) is 
conducted to maximize recuperator efficiency and minimize its total cost. Results of the optimization 
are presented as a set of designs, called ‘Pareto-optimal solutions’. The results reveal the conflict 
between the two objective functions. It can be concluded that any change in the geometry of the 
recuperator increasing the efficiency also increases the total cost and vice versa. Finally, the optimal 
designs are compared together based on non-dominated sorting concept and the final optimal designs 
are obtained. 
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Fig. 1 Schematic of recuperated microturbine cycle  
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Fig. 2 Plate-fin heat exchanger with cross-flow arrangement [11] 
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Fig. 3 Definition of geometrical parameters for offset strip fin [11] 
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Fig. 4 Flowchart of NSGA-II 
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Table 1 Range of design parameters 

   
) m( 10  3 × 10  

) m( 2 × 10  10 × 10  

) m( 3 × 10  6 × 10  

m( 0.1 1 

) m( 0.1 1 

) m( 0.1 1 

4- Average change in the spread of Pareto 
5- Capstone 
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Table 2 Recuperator and microturbine operation conditions  

  
) K( 496.95 

 ) K( 1009.65 
kPa( 404.1 

kg s( 1.286 
K( 1039.1 

kJ kg( 42557 
 4 

 3.65 
(%) 4 

3   
Table 3 Economic data for case study 

  

i(%) 10 
f (%) 20 

($ kg) 0.14 
(year) 10 

 0.7587 
($ kWh) 0.000125 

(hour) 6000 

1 
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Table 4 Modeling verification results 

   (%)  
 0.8381 0.8263 1.41 

kPa( 8.757 8.237 5.94 
kPa( 9.05 8.503 6.04 

  

 
Fig. 5 Pareto-optimal front for recuperator with cross-flow arrangement 
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Table 5 Geometrical characteristics of optimal designs for cross-flow 
arrangement 

 A B 

(m) 0. 002929 0.002892 

(m) 0. 00753 0. 003095 

(m) 0.005088 0. 004094 

(m) 0.842176 0. 841867 

(m) 0.772513 0. 855419 

(m) 0.494603 0. 48426 

6 
  

Table 6 Thermo hydraulic and economic characteristics of optimal 
designs for cross-flow arrangement 

 A B 

 0.7726 0.8274 

kPa( 3.094 5.913 

$( 302101.6 315605 

 7 
  

Table 7 Cycle efficiency and NPV value for optimal designs of cross-
flow arrangement 

 A B 
 0.307 0.324 

$( 265831 294591 
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Fig. 6 Pareto-optimal front for recuperator with counter-flow 
arrangement 
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8   
Table 8 Geometrical characteristics of optimal designs for counter-flow 
arrangement 

 C D 

(m) 0.002361 0.002294 

(m) 0. 00355 0. 003551 

(m) 0. 004414 0. 004293 

(m) 0. 402762 0. 585629 

(m) 0. 7278 0. 746415 

(m) 0. 55731 0. 567663 

9 
  

Table 9 Thermo hydraulic and economic characteristics of optimal 
designs for counter-flow arrangement 

 C D 

 0. 85496 0.90279 

kPa( 2.98979 4.21241 

$( 302098.4 307024.6 

10 
  

Table 10 Cycle efficiency and NPV value for optimal designs 
of counter-flow arrangement 
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$( 329512.7 361852.5 

 .
 .

A C C 
C A 

 .A 
 .B D 

B D 
 .C D 

 .7 
 .

 .

 .

 .
 (

 
  .

 (  

8 -  

  .
  .

 .
2 

 .
 .

 .
 .

  ( ) 
 

 .

   

 .
 .

 .

 .

  

 .

 .
 .

  
  

  
Fig. 7 Comparison of optimal designs for cross and counter flow 
arrangements 
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