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Abstract

To address the surface dust deposition issue of finned tube heat exchangers, this study employed
the CFD-DEM coupling method to systematically investigate the surface dust deposition process and
the effects of two typical dust deposition patterns on heat transfer performance. Based on the mi-
gration characteristics of dust particles, the entire dust deposition process was categorized into three
stages, which correspond sequentially to the states of no fouling layer, formation of a thin fouling
layer, and thickening of the fouling layer. Dust deposition on the fin surface increases the effective
thickness of the fins; moreover, as the thermal conductivity of dust is far lower than that of the
fin metal material, additional thermal resistance is generated, which directly reduces the heat ex-
change efficiency between the cold air and the fins. When dust clogging occurs in the fin gaps, more
cold air is forced to flow in from the side edges, resulting in a significant increase in cold air flow
rate at the sides. Although this phenomenon causes a certain disturbance to the temperature distri-
bution in local regions, its impact on the overall temperature of the heat exchanger is relatively
limited.
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Table 1. Heat exchange tube parameters
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Figure 1. 3D model
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Figure 2. Arrangement of heat exchange tubes (a) and simplified (b)
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Figure 3. Section mesh (a) and boundary layer mesh (b)
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Figure 4. Dust particles
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Figure 5. Hertz-Mindlin with JKR model
[# 5. Hertz-Mindlin with JKR #& &4
3.3. A

s M i Fluent 5 EDEM 54 S R (4 6):

1) SRS S HR E

2) EEIEAL, EDEM MBIt REBRLZEN 7. Fluent 385t SR ARG R RE, 20 EEAS T P i
L5 AR RS BRAS s

3) &t F %k, EDEM 5 Fluent SZIf <2 1 ;

4) EDEM ZE TR EU At 1415 B FTRORLE 2 v 5, Fluent JUIR] A RIORL A5 BAS IE SRS B VP4 5

5) AR [ RIA T, HE D 2~4;

6) & IbLAHHL.

RURL AR (E B iR IL IR

Y Y
TR AR G VLR A7 25 R A 3
(DEM solver) (CFD solver)

v
B TV REN RS

Figure 6. Coupling mechanism
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Figure 7. Dust accumulation simulation analysis results
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Figure 8. Actual dust accumulation
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Figure 9. Schematic diagram of particle deposition process
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Figure 10. Equivalent model for dust accumulation
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Table 3. Heat transfer parameters of materials in the equivalent model
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Figure 11. Temperature cloud: (a) no dust; (b) surface dust
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Figure 12. Velocity contour (a) and trajectory (b)
12. RE =B (a) ik (b)

Velocity
Contour 1

-44.53 -1490 1473 4436 73.99 103.61 133.24 162.87 192.50 222.13 251.76 281.39 311.02

Pressure [Pa]
0 0.050 0.100 (m)
[ —EEaaaa——  ESS—

0.025 0.075

Figure 13. Pressure cloud map
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Figure 14. Temperature cloud map
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Figure 15. Velocity contour map (a) and trajectory map (b)
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Figure 16. Pressure cloud map
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