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Abstract: In this paper, we performed the design optimization dual-shell and tube heat exchanger on exhaust waste heat
recovery for gas heat pump using CFD and RSM. CFD analysis is useful to design the complex structure such as double
shell and tube heat exchanger. By computer simulation, engineers can assess the feasibility of the given design factors
and change them to get a better design. But if one wishes to perform complex analysis on the simulation, such dual-
shell and tube heat exchanger for GHP, the computational time can become overwhelming. CFD is powerful but it takes
a lot of time for complex structure. Therefore, the CFD analysis is minimized by the optimization using the RSM
method. As a result, the number of baffle and tube are optimized by 6 baffles and 25 tubes for heat transfer and flow
friction. And then pressure drop and heat transfer is improved about 12.2%. We confirm the design optimization using
CFD and RSM is useful on complex structure of heat exchanger.
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Table 1 Specification of dual-shell and tube heat exchanger for exhaust gas

Parameters Shell side Tube side Baffle
Dios dois dijs N, L, d; Nb W h
(mm) (mm) (mm) ) (mm) (mm) ) (mm) (mm)
139.8 137.4 120 27 452 12.8 7 52 101

Tc,i Wb Th,o
(b) Section view of dual-shell and tube heat exchanger

Fig. 1 Structure of dual-shell and tube heat exchanger for exhaust waste heat recovery for GHP
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Table 2 Property and boundary condition

Exhaust gas® Coolant® SUS 304
Mesh number 500,000 500,000 300,000
Molar mass (g/mol) N2670-;% 62.07 302
H,0:19.4%
. 3 2
Density (kg/m?) CO, : 8.6% 1120 8000
Property Specific heat (J/kg-K) 0,:0.4% 2.42 500
Thermal conductivity (W/m-K) NOy: 0.21% 0.26 16
- — CO : 0.44%
Kinematic viscosity (kg/m-s) HC : 0.17% 0.02 -
Mass flow rate (kg/s) 0.022 0.9- -
Eoonudr}(tjiirg/ Inlet Temperature (C) 298.6 13.9 -
Outlet | Relative pressure (Pa) 0 0 -

Outle Inlet

(a) Exhaust gas (b) Coolant
Fig. 2 Generated mesh using ANSY'S
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Table 3 Comparison of CFD analysis and experimental result

Experimental result CFD analysis Error (%)
Pressure drop (kPa) 6.12 6.20 1.31
Heat transfer rate (kW) 7.20 7.79 8.19

(a) Pressure streamline (b) Temperature streamline
Fig. 3 Pressure and temperature streamline of exhaust gas side
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Table 4 Design of experiment and response for RSM
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No. Design of experiment Response

Baffle Tube Pressure drop (kPa) Heat transfer rate (kW) JF ()

1 4 25 4.15 7.46 1.095
2 4 27 4.49 7.16 1.024
3 4 29 4.83 6.87 0.958
4 6 25 4.70 7.98 1.123
5 6 27 5.09 7.67 1.052
6 6 29 5.47 7.35 0.984
7 8 25 6.11 8.44 1.089
8 8 27 6.62 8.10 1.017
9 8 29 7.12 7.76 0.951
Contour Plot of Response_2 vs Baffle, Tube Contour Plot of Response vs Baffle, Tube 1';%20 'CCIDE\E TAETE]E [ngg]
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(a) Contour of Heat transfer rate (b) Contour of Pressure drop (c) Response Optimizer

Fig. 4 Multiple response plot and optimization
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