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Motivation

▪ TEMA heat exchangers

– Over 30 heat exchangers in refinery 

– 200 to 350 heat exchangers in petrochemical plants

▪ Shell and tube type heat exchangers

▪ Focus on heat exchanger fouling

▪ Degrade overall efficiency, increase downtimes

▪ Implicit equations based on field data
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Heat Exchanger Model with E-NTU Method

[1] Holman, J. P. Heat Transfer. 9th ed. New York, NY: McGraw Hill, 2002.

𝑄1 = −𝑄2 = 𝜖𝑄𝑀𝑎𝑥, 0 < 𝜖 < 1

𝑄𝑀𝑎𝑥 = 𝐶𝑀𝑖𝑛(𝑇1,𝑖𝑛 − 𝑇2,𝑖𝑛)

𝐶𝑀𝑖𝑛 = 𝑚𝑖𝑛( ሶ𝑚1𝑐𝑝,1, ሶ𝑚2𝑐𝑝,2)

𝜖 =
2

1+𝐶𝑟𝑒𝑙+ 1+𝐶𝑟𝑒𝑙
2

1+exp −𝑁𝑇𝑈 1+𝐶𝑟𝑒𝑙
2

1−exp −𝑁𝑇𝑈 1+𝐶𝑟𝑒𝑙
2

[1]

𝑁𝑇𝑈 =
1

𝐶𝑀𝑖𝑛𝑅𝑂𝑣𝑒𝑟𝑎𝑙𝑙

𝐶𝑟𝑒𝑙 =
𝐶𝑀𝑖𝑛
𝐶𝑀𝑎𝑥

𝑅𝑂𝑣𝑒𝑟𝑎𝑙𝑙 =
1

𝑈𝑜𝑣𝑒𝑟𝑎𝑙𝑙𝐴𝐻𝑒𝑎𝑡
=

1

ℎ1𝐴𝐻𝑒𝑎𝑡,1
+ 𝑅𝐹𝑜𝑢𝑙,1 + 𝑅𝑊𝑎𝑙𝑙 + 𝑅𝐹𝑜𝑢𝑙,2 +

1

ℎ2𝐴𝐻𝑒𝑎𝑡,2

• Variables depending on deposition of 

fouling layers – long time process

• Variables depending on operating 

conditions and cases – short time process
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Simscape Model

• Thermal liquid network model 

• E-NTU heat exchanger block

• Short time process variables

• Signal Editor with field data 

• Long time process variables

• Unknown, to be estimated
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Estimating Fouling Factor With Simulink Design Optimization

• Parameterizing fouling factors

• Separate field data for controlled 

operating conditions –

temperature and mass flow rate

• Iterate fouling factor estimation 

over time to correlate with 

efficiency of heat transfer

• Multiple scenarios of operating 

conditions for fouling factor 

correction
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Heat Transfer Degradation Simulations and RUL Estimation

▪ Similarity-based RUL model

▪ Generation of degradation map

– Simulating model with degradation time

– Simulating model with operating conditions

▪ Parameter estimation of fouling factors

– Inlet temperature, mass flow rate couples

– Measurements of heat exchanger outlet 

temperature

– Mapping back to degradation map to 

determine current degradation status
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Summary

▪ Heat exchanger efficiency degradation with fouling

▪ Identified variables of interests with heat transfer equations

▪ Modeled heat exchanger with thermal liquid network using Simscape

▪ Searched ranges of fouling factor related to degradation and operating 

conditions

▪ Generated degradation map using simulations under multiple scenarios

▪ Identified current degradation level by back-calculating fouling factors


