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A Study on the Development of Plugging Margin Evaluation

Method Reflected the Fouling of a Shell-and-Tube Heat Exchanger
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Abstract

du

As operating time of heat exchangers progresses, fouling generated by water-borne deposits and the
number of plugged tubes increase and thermal performance decreases. Both fouling and tube plugging
are known to interfere with normal flow characteristics and to reduce thermal efficiencies of heat
exchangers. The heat exchangers of domestic nuclear power plants have been analyzed in terms of the
heat flux and heat transfer coefficient at test conditions as a means of heat exchanger management.
Except for the fouling level generated in operation of heat exchangers, also, all of the tubes of heat
exchangers have been replaced when the number of plugged tubes exceeds the plugging criteria based
on design performance sheet. This paper describes the plugging margin evaluation method reflected the
fouling of shell-and-tube heat exchangers, which can evaluate the thermal performance for heat
exchangers, estimate the future fouling variations, and reflect the current fouling level. To identify the
effectiveness of the developed method, the fouling and plugging margin evaluations were performed for
a component cooling heat exchanger in a nuclear power plant.
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Table 1 Input data for evaluation

Process Fluid Cooling Fluid
Inlet | Outlet Inlet | Outlet
years Temp. | Temp. Flow Rate] Temp. | Temp. Flow Rate
T T kg/hr T T kg/hr
Design | 41.00 | 35.00 | 2.95x10°| 28.00 | 33.39 |3.49x10°
1996. 1] 18.11 | 16.00 | 2.68x10°| 14.78 | 16.17 | 3.95x10°
1996. 7| 17.89 | 16.00 | 2.54x10°| 14.39 | 16.22 |3.95x10°
2000. 8 | 25.78 | 22.50 | 2.59x10°] 19.72 | 21.72 |4.13x10°
Table 2 Fouling evaluation results
Items Units Criteria 1996.1 1996.7 2000.8
f mC/W | <52x107%] 1.9x10™ | 3.4x10* | 4.1x10"
U | WmiC | =1,287 1,97 1,496 1,423
: - >09 1.36 1.03 0.94

[5*] U : Specific Performance Capability (UA/UsAo)

n(@m'-°CrW)
°
g

0.0002

0 0000

1985 1991 1996

2007 2013

Fig. 2 Fouling evaluation results

Table 3 Plugging margin evaluation results

Items Units Values
Total number of tubes - 2,100
Heat flux at design MWy 20.51
Heat flux at plant startup MWy 20.50
(UAM MW/C 2.809
Design .
Margin (UA)s MW/C 2.808
s % 020
An m 2,014
A Manufacture m? 1,869
Manufac?ture ! 2000 yr m? 1,917
Margin
Manufacture Y% 777
Om
2000 yr % 5.05@
a(D)r+anm(@) % 5.25
Plugging Margin of Tubes Number 110
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Fig. 3 Plugging margin evaluation results
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