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Abstract

As operating time of heat exchangers progresses, fouling generated by water-borne deposits increases and thermal
performance decreases. The fouling is known to interfere with normal flow characteristics and reduce thermal
efficiencies of heat exchangers. The heat exchangers of nuclear power plants have been analyzed in terms of
the heat flux and heat transfer coefficient at test conditions based on the ASME OM-S/G-Part 2 as a means
of heat exchanger management. It is hard to estimate the heat performance trend and to establish the future
management plan. This paper describes the fouling evaluation method which can evaluate the thermal
performance for heat exchangers and estimate the future fouling variations and the plugging margin evaluation
method which can reflect the current fouling level developed in this study. To develop the fouling and
plugging margin evaluation methods for heat exchangers, fouling factor was introduced based on the ASME
O&M codes and TEMA standards. For the purpose of verifying the two evaluation methods, the fouling and
plugging margin evaluations were performed for a component cooling heat exchanger in a nuclear power
plant.
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. 1 Flow diagram for CCW Hx.

Table 1 Input data for Evaluation

Process Fluid

Cooling Fluid

years %:rlrit) ?eurﬂ;t IFlow Rate| 1};11_?; %l;rtrll;t Flow Rate
T T kg/hr T T kg/hr

Design | 41.00

35.00 |2.95%10°| 28.00

33.39 | 3.49x10°

1996. 1| 18.11 | 16.00 |2.68x10°| 14.78 | 16.17 |3.95%10°
1996. 7| 17.89 | 16.00 |2.54x10°| 14.39 | 16.22 |3.95%10°
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
I mC/W | £52x107| 1.9x10™* | 3.4x10™ | 4.1x10™
U |keal/m*Chr| =1,107 1,696 1,287 1,224
U’ - =0.9 1.36 1.03 0.94

[] U Specific Overall Heat Transfer Coefficient (UA/U,A,)

0.0040

0.0030
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+0.0020
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Fig. 2 Fouling evaluation results

Table 3 Plugging Margin evaluation results

Items Units Values

Total number of tubes - 2,100
Heat flux at design kecal/hr 17.65%10°
Heat flux at plant startup keal/hr 17.64x10°
_ (UA)g keal/ “hr 2,417x10°
ﬁ:‘gg; (UA)s keal/t -hr | 2,416%10°

iy % 0.02(1)

Am m’ 2,014

A Manufacture m’ 1,869

Mal‘\‘;[‘fgcutfre "I 2000 yr m 1,917

Manufacture % 7.77

5000 yr % 5.05@

(D) +am(E) % 5.07

Plugging Margin of Tubes Number 110
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Fig. 3 Plugging Margin evaluation results

Table 3  Fig. 3
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(1) ASME, 1994, Sandards and Guides for
5.07% ) Operation and Maintenance of Nuclear Power
2,100 Plants, ASME OM-S/G-Part 2.

110 (2) J. E. Conklin, 1995, Aging Management
. Fig. 3 2000 Evaluation for Heat Exchangers, WCAP-14341,
115 Westinghouse Owner's Group.

110 (B)R. H. Perry, et. al, Chemical Engineer's
Handbook, Sixth Edition, McGraw Hill, pp. 10. 24
- 10.31.

(4) TEMA, 1988, Sandards of the Tubular
Exchanger Manufactures Association, 7th Edition,
pp. 101 - 104.
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