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A Study on the Development of Fouling Analysis Technique for
Shell-and-Tube Heat Exchangers
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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. The fouling is known to interfere
with normal flow characteristics and reduce thermal efficiencies of heat exchangers. This paper
describes the fouling analysis technique developed in this study which can analyze the thermal
performance for heat exchangers and estimate the future fouling variations. To develop the fouling
analysis technique for heat exchangers, fouling factor was introduced based on the ASME O&M codes
and TEMA standards. For the purpose of verifying the fouling analysis technique, the fouling analyses
were performed for four heat exchangers in several nuclear power plants; two residual heat removal
heat exchangers of the residual heat removal system and two component cooling water heat exchangers

of the component cooling water system.
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Table 1 Allowable criteria for heat exchangers
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Table 4 Evaluation results for B-RHR Hx

Allowable Units Items Units Criteria 1996 2001
Parameters Criteria | British St Q keal/hr - 48x10° | 21.4x10°
System Flow +10% Ib/hr kg/hr U - >0.90 1.13 1.04
Head +10% psi kPa FF m*C/W <2.5x10" 0.7x10” 1.5x10™
Overall heat transfer 2y . 2
coefficient -10% | Btw/ft“hr-'F | keal/m™hr-C

8 Main Control Reom % o
Local

(o>

RHR Pump

Fig. 1 Flow diagram for RHR System

Table 2 Measured data for RHR Heat Exchangers

Process Fluid Cooling Fluid

Hx rs Inlet | Outlet| Flow | Inlet | Outlet | Flow
’ Y Temp. | Temp. | Rate | Temp. | Temp. | Rate

C T |kghr| T T | kg/r

1997 | 59.90 | 37.50 |3-1¥10 2198 | 40,00 {64510
RHR-A

2002 | 81.50 | 54.80 |3-0%10§ 2304 | 4950 |6-3510

1996 | 28.00 | 21.50 {58510} 16,10 | 28.00 |31510
RHR-B

1.1:10

2001 | 78.80 | 39.33 21.07 | 40.47

Table 3 Evaluation results for A-RHR Hx

Items Units Criteria 1997 2002
Q kcal/hr - 11.5x10° 13.5x10°
U - >0.90 1.51 1.06
FF m‘C/W <3.0x10" | 0.8x10™ 2.3x10”
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Fig. 2 Fouling evaluation results for A-RHR Hx
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Table 5 Measured data for CCW Heat Exchangers

Process Fluid Cooling Fluid

Hx s Inlet | Outlet | Flow | Inlet | Outlet | Flow
) v Temp. | Temp. | Rate | Temp. | Temp. [ Rate

C C [ker | T T | kg/hr

1997 | 33.10 | 30.45 (26210 27,00 | 30.95 {2:5%10
CCW-A

2.6;(10 2.5:10

2002 29.50 | 27.50 25.20 | 27.60

1992 | 24.50 | 20.00 {29519} 1660 | 20.56 |3-5510

1996 | 19.60 | 15.70 127219 12.80 | 15.70 39510

CCW-B
1997 | 24.00 | 21.50 {>7519| 18.00 | 20.56 {39510

27x10 4.0x10

2002 | 26.50 | 20.60 14.80 | 18.60

Table 6 Evaluation results for A-CCW Hx

Items Units Criteria 1997 2002
Q keal/hr - 6.9x10° 5.3x10°
U - >09 1.52 111
FF m‘T/W <4.0x10" 1.2x107 2.6x10"

Table 7 Evaluation results for B-CCW Hx

Items{ Units Criteria 1992 1996 1997 2002

Q | kealhr - 13.2x10° [ 10.4x10°| 6.8x10° | 15.8x10°

u - =09 15 13 12 0.9

FF | m*CT/W | £52x10"| 1.9x10" | 2.2x10" | 3.1x10™ | 4.9x107
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Fig. 5§ Fouling evaluation results for A-CCW Hx
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Fig. 6 Fouling evaluation results for B-CCW Hx
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