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Analysis of laminar forced convection for optimal design
of parallel plates with protrusions
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Abstract

Pressure drop and heat transfer characteristics of a periodically fully developed flow in
the flat channel with protrusions are investigated. The effects of shape and location of pro-
trusion on the pressure drop and heat transfer are numerically analyzed in the present
study. Taguchi method is used to optimize these parameters. It is found that the ratio of the
height of protrusion to channel height shows larger influence on the pressure drop and heat
transfer than the ratio of the length of protrusion to module length. As the height of protru-
sion increases, pressure drop and heat transfer increase, but if the height of protrusion ex-
ceeds 2/3 of the channel height, there is a substantial pressure drop. The results also show
that the optimal length and height of protrusion are half of the module length and half of the
channel height, respectively.
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Table 1 Geometric parameters and levels

Geometric parameters | Level 1 | Level 2 | Level 3
a(=H/L) 1 2/3 1/2
H=A/L) 4/5 2/3 1/2
«(=B/L) 2/5 1/3 1/4
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Table 2 Orthogonal array

parameters
case a c ac b
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Table 4 Effect of parameters and levels

parameters level effect

1 0.00000

-0.00363

0.07721

0.00000

—0.08071

—0.07965

0.00000

ac —0.00059

—0.08269

0.00000

0.08170

wlnv|~={lw|lo{=|lw|Nd|—=w]N

—0.00226

(a) Velocity vectors

(b) Isotherms

Fig.6 Velocity vectors and isotherms for opti-
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