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Abstract: In this study, the effects of the leakage flow between the baffle and tube bundles on the performance of a
shell and tube heat exchanger (STHE) were examined using the commercial software ANSYS FLUENT v.14. A
computational fluid dynamics model was developed for a small STHE with five different cases for the ratio of the
leakage cross-sectional area to the baffle cross-sectional area, ranging from 0 to 40%, in order to determine the
optimum leakage flow corresponding to the maximum outlet temperature. Using fixed tube wall and inlet temperatures
for the shell side of the STHE, the flow and temperature fields were calculated by increasing the Reynolds number from
4952 to 14858. The present results showed that the outlet temperature, pressure drop, and heat transfer coefficient were
strongly affected by the leakage flow, as well as the Reynolds number. In contrast with a previous researcher's finding
that the leakage flow led to simultancous decreases in the pressure drop and heat transfer rate, the present study found
that the pertinent leakage flow provided momentum in the recirculation zone near the baffle plate and thus led to the
maximum outlet temperature, a small pressure drop, and the highest heat transfer rate. The optimum leakage flow was
shown in the case with a ratio of 20% among the five different cases.
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Fig. 1 The computational model
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Fig. 2 Leakage flows and cross sectional view
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Table 1 Computational and geometric parameters

Items Dimensions
Shell diameter, Dy 75mm
Shell length 400mm
Tube diameter, d, 15mm
Tube bundle geometry 60°

Tube pitch 22mm
Number of tubes 7

Baffle cut 25%

Baffle spacing 80mm
Number of baffles 4

Ratio of leakage to baffle cross-section |0,15,20,30,40%
area

Shell inlet temperature 300K

Tube wall temperature 373K
Reynolds number 4952-14858
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Table 2 Comparison of heat transfer rates in case of
without leakage flow (5~ 1)

CFD ECM | LMTD | Kern"™”
Met (kW) (kW) (kW) (kW)
ods
Re
4952 51.41 54.58 54.95 61.02
9906 99.51 101.16 | 108.02 | 9491
14858 143.47 | 143.58 | 156.67 120.1

(7% 1) ECM: Energy Conservation Method
LMTD: Log Mean Temperature Difference
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Fig. 5 Temperature contour of central cross sections of SHTE
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Fig. 7 The velocity contours and streamlines of central
plane under Re=9906. (a) Without leakage flow, (b)
20% leakage flow
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