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Heat Transfer Performance of a Plate
Air Preheater with Dimpled and Multi-
Objective Optimization

WU Lijun, WEI Zengzhi, LIANG Xingyuan, BAI Shucheng
(School of Mechanical and Energy Engineering, Tongji

University , Shanghai 201804, China,)

Abstract: Taking the fully welded dimples plate air

preheater as the object, the Workbench Fluent software
is used to numerically simulate the influence of the
characteristic structure parameters of the dimpled plate
on the heat transfer and flow resistance performance by
orthogonal experiment. Based on the parameter sensitivity
analysis, the effect of single factor on the heat transfer
flow resistance performance is obtained: longitudinal
spacing of dimpled > long axis > horizontal spacing >
the fact is obtained that under the

synergistic effect of multiple factors,

depth. Moreover,
the structural
parameters horizontal and longitudinal distance have a
greater impact on performance than the depth-diameter
ratio of the dimpled based on the analysis of the response

surface method. Furthermore, three sets of better
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structural combinations within a given range are obtained
based on the genetic algorithm, with the smallest friction
Nusselt number and

factor, and the largest

comprehensive heat transfer factor as the optimization

objectives.
Key words: plate heat exchanger with dimples; heat
transfer and flow resistance performance; sensitivity

analysis; response surface method; multi-objective

optimization
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Fig.1 Schematic diagram of core structure of plate
air preheater with dimples (unit: mm)
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Fig.2 Top view of flue gas strip channel (unit: mm)
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Fig.3 Partial enlarged view of flue gas strip channel
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Fig.4 Physical picture of plate air preheater with

dimples
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Tab.1 Variation of design parameters

28 L/ mm H/ mm V' / mm P/ mm
- FR 2 0.4 8 2
TR 6 1.6 40 6
IR 4 1.0 24 4
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Tab.2 Calculation results of design plan

R E L/mm H/mm V/mm P/mm  Nu f Ji
1 0.4 8 2 8.432 0.0435 0.0135

oo

2 2 0.7 16 3 8.844 0.0382 0.0147
3 2 1.0 24 4 9.325 0.0512 0.0140
4 2 1.3 32 5 10.770 0.0047 0.0355
5 2 1.6 40 6 11.400 0.0061 0.0345
6 3 0.4 16 4 9.376 0.0435 0.0149
7 3 0.7 24 5 10.050 0.0356 0.0170
8 3 1.0 32 6 10.730 0.0136 0.024 9
9 3 1.3 40 2 10.250 0.0070 0.0297
10 3 1.6 8 3 8.895 0.0460 0.0139
11 4 0.4 24 6 10.060 0.0217 0.020 0
12 4 0.7 32 2 10.670 0.0087 0.0287
13 4 1.0 40 3 11.350 0.0191 0.023 4
14 4 1.3 8 4 9.091 0.0453 0.0142
15 4 1.6 16 5 10.230 0.0493 0.0150
16 5 0.4 32 3 10.900 0.0048 0.0356
17 5 0.7 40 4 11.320 0.0219 0.0223
18 5 1.0 8 5 9.167 0.0411 0.0148
19 5 1.3 16 6 13.260 0.0238 0.0252
20 5 1.6 24 2 10.450 0.0441 0.016 4
21 6 0.4 40 5 11.170 0.0336 0.0191
22 6 0.7 8 6 8.679 0.0304 0.0156
23 6 1.0 16 2 9.563 0.0342 0.0164
24 6 1.3 24 3 10.760 0.027 3 0.0198
25 6 1.6 32 4 11.490 0.0143 0.026 1
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Fig.5 Experiment device of plate heat exchanger

with dimples
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Fig.6 Diagram of experimental system
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Fig.7 Comparison of simulation and experimental
results of temperature and pressure drop on

flue gas side
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Fig.8 Comparison of simulation and experimental
results of air side temperature and pressure

drop
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Fig.9 Analysis of sensitivity of structural parameters to plate performance
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Fig.10 Heat transfer and flow resistance performance versus longitudinal spacing of dimples
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Tab.3 Optimal parameter combination and its objective function value
i dye 24 HbrsR¥dE
ik H/mm L/mm V/mm P/mm Je Nu S/

1 1.50 2.30 37.06 5.94 0.038 11.66 0.009 9

2 1.45 2.16 38. 15 5.71 0.036 11. 34 0.004 3

3 1.44 2.02 36. 55 5.93 0.037 11.22 0.002 0
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