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Original Research Paper Optimum design and performance improvement of the Heat Recovery Steam Generator (HRSG) have
Received 16 February 2017 noticeable effects on the thermal efficiency of the combined cycle power plants. Therefore, HRSG must
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- ) be designed in such a way that the heat recovery is maximized and the overall performance of the plant
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is improved. In this paper, a method for design and optimization of a triple pressure HRSG is proposed.
It is shown how to simultaneously optimize the operating and geometric design parameters of the

K ds: . - L .
Hiﬁffercjvery steam generator HRSG by using the constructal theory. Considering the minimum total entropy generation as the
Constructal Theory objective function, the optimum parameters in the HRSG unit are derived by using the genetic algorithm
Entropy generation method under the fixed total volume condition. Optimized total volume is derived by converting the
Optimization

exergy destruction to cost of entropy generation in order to compare with the capital cost and the results
show that there is a trade-off between them. Also, aspect ratios of the units, the heat transfer area for
each component of the HRSG and thermodynamic properties are significant features of the flow
configuration inducted by the Constructal design. Furthermore, the effects of changes in the temperature
and flow rate of hot gas on the optimal values of the total volume, power and steam production are
determined.

Genetic algorithm method
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1. High Pressure Superheater (HS)
2_Rcheater (RIT)

3. High Pressure Evaporator (HB)
4_ITigh Pressure Eeonomizer (T1E)

5. Intermediate Pressure Superheater (IS)

Ly

6_ Intermediate Pressure Bvaporator (IB)
7. Intermediate Pressure Economizer (IE)
8. Low Pressure Superheater (LS)

9. Low Pressure Evaporator (L.B)

10. Low Pressure Leonomizer (LE)

Fig. 1 Simplified diagram of the dual pressure heat recovery steam
generator [16]
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Fig.2 Schematic diagram of the Reheater, Superheaters and
Economizers [16]
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Fig. 3 Schematic diagram of the Evaporators
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Fig. 9 Entropy generation and capital cost by varying volume with
different gas inlet temperatures
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Table 2 Optimal length for main heat exchangers of the HRSG

Ly ns/Lx Ly rr/Lx Ly he/Lx Ly nel/Lx Ly 1s/Lx Ting
7.42 8.96 12.36 10.00 9.01 350
7.41 8.93 12.42 9.95 8.97 400
7.44 8.96 12.96 9.99 9.01 450
7.35 8.85 12.15 10.36 8.90 500
7.44 8.96 12.24 10.00 9.01 550
7.29 9.02 11.92 10.01 9.07 600
7.37 8.88 8.69 9.90 8.93 650

Ly 1s/Lx Ly 1e/Lx Ly s/Lx Lys/Lx Ly Le/lx Ting
9.86 11.09 8.32 12.18 10.78 350
12.35 11.05 8.28 9.90 10.74 400
12.10 11.09 8.31 9.36 10.78 450
12.68 10.95 8.21 9.92 10.63 500
9.03 11.09 8.32 13.14 10.78 550
10.45 11.16 8.37 12.36 10.39 600
12.69 10.99 8.24 13.62 10.68 650

Ly s/Lx Lyg/Lx Lye/Lx Ting
24.77 34.40 31.87 350
24.67 34.67 31.73 400
24.76 34.42 31.86 450
24.45 34.75 31.94 500
24.76 34.41 31.87 550
24.73 34.72 31.55 600
2454 35.01 31.57 650
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Fig. 11 Optimal power production as a function of the inlet hot gas
temperature
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Table 3 Model validation by Ref. [32]
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Fig. 13 Comparison of the produced steam to gas flow rate ratio with
Ref. [33]
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