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A Method to Reduce Flow Depth of a Plate Heat Exchanger without
a Loss of Heat Transfer Performance
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ABSTRACT: Optimal design of an air-to-liquid finned plate heat exchanger is considered
theoretically in this study. Based on existing correlations for the pressure loss and the heat
transfer in channel flows, the optimal configuration of the plate heat exchanger including the
optimal plate pitch and the optimal fin pitch is obtained to maximize the heat transfer within
the limit of the pressure drop for a given flow depth of the plate heat exchanger. It is found
that the optimal fin pitch is about one ninth of the optimal plate pitch. In the optimal con-
figuration, the flow and thermal condition in the channels is just at the boundary between the
laminar developing and laminar fully developed states. It is also found when reducing the flow
depth of plate heat exchangers for compactness, the heat transfer performance can be main-
tained exactly the same if the geometric parameters such as the plate thickness, plate pitch,
fin thickness, and fin pitch are reduced proportional to the square root of the flow depth as
long as the flow keeps laminar within the heat exchangers.

Key words: Plate heat exchanger(#3 |3 %7]), Optimum design(8 &4 #), Geometric simi-
larity (718182 AFALAL)
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Table 1 Calculation conditions

Thermal conductivity (fin)| kg, | 202 W/mK
Thermal conductivity (air)| & |0.027 W/mK
HX frontal dimension Wx H | 600x600 mm

HX depth L 80 mm

Plate thickness tpiate 1 mm

Fin thickness Liin 0.2 mm
Pressure drop 4p 30 Pa
Temperature difference | AT 20T

Fig. 2 3D plot of ¢ with respect to fin pitch
and plate pitch.
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Table 2 Two cases comparison.

Case 1{Case 2

"HX depth (mm) 80 | 20
Plate thickness (mm) 1.0 05
Fin thickness (mm) 02 | 01

Optimum fin pitch (mm) 210 | 1.05
Optimum plate pitch (mm)| 1822 | 9.11
Max. (@ o) fin (W) 9327 | 9327

Finned
HX

Flat [Optimum plate pitch (mm){ 3.10 | 1.55
HX | MaxX. (Qma) e (W) | 7346 | 7346 .
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(a) Velocity profiles (b) Boundary layers

Fig. 6 Comparison of the fully developed ve-
locity profiles and the boundary layers
in developing regions.
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