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ABSTRACT

The purpose of this study is to investigate the effects of fan-shaped baffle configurations on the heat transfer coefficient and

pressure drop in a shell-and-tube heat exchanger. Usually, a shell-and-tube heat exchanger is equipped with plate-type baffles

generating turbulent flow, enhancing heat transfer. However, a promotion in turbulence also leads to a rise in the pressure drop

of the shell-side flow, resulting in higher operational costs for the heat exchanger. To investigate the effect of the baffle on

the performance of the shell-and-tube heat exchanger, several designs of baffles were analyzed, including configurations without

baffles, with single and double-segment baffles, and double, triple and quadruple fan-shaped baffles. Numerical simulations were
conducted using ANSYS CFX 2024 R2. The results indicated that the conventional segment baffle had the highest heat transfer

coefficient, pressure drop, and heat transfer rate. However, it is noted that some configurations of fan-shaped baffles showed

the higher thermal enhancement factors than conventional baffles.
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Fig. 1 Geometry of shell and tube heat exchanger
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Table 1 Geometric parameters of shell and tube heat exchanger

Shell length(L) mm 348
Shell diameter(D) mm 126.9
Tube diameter(d) mm 6.35
Baffle thickness(r) mm 1.2
Baffle spacing(/) mm 26.92

Number of tubes(N;) - 165
Number of baftle(V,) - 11
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Fig. 4 Computational domain and boundary conditions
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Table 2 Boundary conditions and properties of

working fluid

Parameter Unit Value

Density kg/m® 851
ngrl]i(;ng specific heat J/kgK 2,330
(15W40) Dynamic viscosity Pas 0.01397
Thermal conductivity W/mK 0.1424

Mass flow rate kg/s 1.11/1.67/2.22

Boundary Inlet temperature K 383

conditions Outlet pressure Pa 0
Tube surface temperature K 362.2

Fig. 5 Example of grid system
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Table 3 grid convergence index

Performance parameter - W, /1]:12K] [kzl]f; !
Number of nodes Ni/No/N; 4'61X1(; 6231.;63 x10°/
Grid refinement factor /lrs 12/12

Computed values oo/ 2295/ 357.19/

for N, Ny, and N o 1,987/ 3272/
1,925 315.8

Apparent order p 9.541 5.715
Extrapolated values Dlext 2,588 299.4
Approximate relative error €1a 3.19% 3.59%
Extrapolated relative error €21ext 0.67% 2.00%
Grid convergence index GCly fine 0.85% 2.45%
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Fig. 6 Validation of present numerical results for A
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Fig. 7 Variations of A with mass flow rate for

different baffle shapes
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Fig. 8 Variations of Ap with mass flow rate for different

baffle shapes
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