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Abstract

Fouling of heat exchangers is generated by water-borne deposits, commonly known as foulants
including particulate matter from the air, migrated corrosion produces; silt, clays, and sand suspended in
water; organic contaminants; and boron based deposits in plants. This fouling is known to interfere
with norma flow characteristics and reduce thermal efficiencies of heat exchangers. This paper focuses
on fouling analyses for six heat exchangers of two primary systems in two nuclear power plants; the
regenerative heat exchangers of the chemical and volume control system and the component cooling
water heat exchangers of the component cooling water system. To analyze the fouling for heat
exchangers, fouling factor was introduced based on the ASME O&M codes and TEMA sandards.
Based on the results of the fouling analyses, the present thermal performances and fouling levels for

the six heat exchangers were predicted.

Ai : Inside effective surface area

A, : Tota effective surface area

b : Constant

Cps, Cpr: Shell and tube side fluid specific heat

Cpp, Cpc : Process and cooling fluid specific heat

di : Tube inside diameter

do : Tube outside diameter

Doy : Shell outer tube limit

Ds : Shell inside diameter

E: : Weighted fin efficiency

F : LMTD correction factor

Fop : Fraction of cross flow area available for bypass
flow

h : Inside film coefficient

hq : Shell side heat transfer coefficient for an idea
tube bank
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: Outside film coefficient

. Correction factor for tube bundle bypass

: Correction factor for baffle configuration

. Correction factor for baffle leakage

. Correction factor for adverse temperature gradient
buildup

ks : Shell side fluid thermal conductivity

ks : Tube side fluid therma conductivity

G T

kp, ke : Process and cooling fluid thermal conductivity
L : Tube length
lc : Baffle cut

LMTD : Logarithmic mean temperature difference
Is : Baffle spacing

MTD : Mean temperature difference

Nc : Number of tubes in one cross flow section
Ns : Number of sedling strips

Nt : Tota number of tubes

NTU : Number of transfer units

pn @ Tube pitch

Pr : Prandtl number

Qo Qc : Process and cooling fluid heat duty

Re : Reynolds number

ri : Inside fouling resistance

ro : Outside fouling resistance

r. . Total fouling resistance

rw : Tube wall resistance

Sn : Cross flow area at or near centerline for one cross
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flow section
S : Tube-to-baffle area for one baffle
t1, t2 : Cooling fluid inlet and outlet temperature
T1, T2 : Process fluid inlet and outlet temperature
U : Overal heat transfer coefficient
V : Flow velocity based on tube cross section
W : Weight flow rate
Wp, We @ Process and cooling fluid flow rate
ds : Diametral shell-baffle clearance
Wb : Bulk fluid viscosity
Ip, He : Process and cooling fluid viscosity
Ww : Viscosity at average surface temperature
Pp, Pc : Process and cooling fluid density
pt . Tube side fluid density
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Table 1 Allowable criteria for heat exchangers

( ) BS Sl
W +10% gpm m’/sec
@ +10% ps kPa
-10% Btu/hr Cal/hr
@1 .10% | Btuft-hr-F | Cal/cm®hr-C

[ 1)
(2) :
(3) :
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Fig. 1 Flow diagram for Regenerative HXx.

Table 2 Measured data for Regenerative Hx.

°F °F lo/hr °F °F lo/hr
K-3 | 559.1 | 2400 |34,7584| 1014 | 5029 |29,180.6
K-4 | 559.0 | 2581 |34,647.6| 1003 | 514.4 |26,737.8
3
ASME OM

Fouling Factor

-10%
K-3

K-4

Table 3 Evaluation results for Regenerative Hx.

&7 o= e Ak gk 4R 7E
Q Btwhr 11,927,347 | > 9,765,446
K-3 ut Btw/ft* Fhr 372 > 323
UA/UAg 1.038 > 0.9
FF - 0.000557 | < 0.000993
Q Btwhr 11,292,555 | > 9,765,446
K-4 Ut Btw/ft*Fhr 360 > 323
UA/UAg 1.022 > 09
FF 0.000582 | < 0.000993

Fig. 2 Fouling evauation results for Regen. Hx.
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Fig. 3 Flow diagram for CCW HXx.
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Table 4 Measured data for CCW Hx.

F ‘F Ib/hr F ‘F Ib/hr

1992. 6 76.1 | 68.0 |6.5x10°] 61.9 | 69.0 [7.7x10°
A[1996. 5| 67.3 | 60.3 [5.9x10° 55.0 | 60.3 [8.6x10°
2002. 7| 79.7 | 69.1 [5.9x10° 58.6 | 65.5 [8.9x10°

K-3 1996. 1| 67.8 | 59.5 |6.0x10° 53.3 | 59.4 [9.1x10°
B 1996. 4| 64.4 | 59.4 [6.0x10° 55.4 | 59.0 [8.9x10°
1997. 6| 80.6 | 75.2 [5.6x10° 68.9 | 74.3 [8.9x10°

2002. 6| 775 | 66.2 |5.6x10° 55.4 | 63.7 |8.9x10°

1992. 1| 67.1 | 63.1 [6.5x10° 59.0 | 61.9 [9.3x10°

A 1996. 2| 62.4 | 57.2 |[5.7x10° 55.6 | 57.6 [9.1x10°
1996. 6] 62.6 | 58.1 |5.6x10°| 55.4 | 58.0 [8.5x10°

K-4| [2001. 11| 87.6 | 73.8 [6.1x10° 62.0 | 75.3 [6.5x10°
1996. 1| 64.6 | 60.8 [5.9x10° 58.6 | 61.1 [8.7x10°
B[1996. 7| 64.2 | 60.8 [5.6x10°| 57.9 | 60.2 [8.7x10"
2000. 8] 78.4 | 725 [5.7x10° 67.5 | 71.1 [9.1x10°

Table 5 Evauation

results for CCW HXx.

Q Btu/hr 58,613,129 | >64,561,624
A Ut Btw/ft*Fhr 226 > 227
UA/UAo - 0.878 > 09

K FF - 0.001925 | < 0.002151

T Q Btu/hr 73,747,803 | >64,561,624
B Ut Btw/ft*Fhr 282 > 227
UAUAo - 1.101 > 0.9

FF - 0.000968 | < 0.002151

Q Btw/hr 82,513,663 | >64,561,624
A Ut Btw/ft*Fhr 324 > 227
UAUAo - 1.257 > 0.9

K FF - 0.000581 | < 0.002151

Q Btw/hr 31,521,187 | >64,561,624
B Ut Btw/ft*Fhr 251 > 227
UAUAo - 0.941 > 0.9

FF - 0.001488 | < 0.002151

Fig. 4 Fouling evaluation
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results for CCW Hx.
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(1)J. E. Conklin, 1995, Aging Management

Evaluation for Heat Exchangers, WCAP-14341,
Westinghouse Owner's Group.

(2) Perry and Green, Chemical Engineer's Handbook,
Sixth Edition, McGraw Hill.

(3) ASME, 1994, Standards and Guides for
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Plants, ASME OM-S/G-Part 2.
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