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Abstract: It belongs to industrial practice that the operation of 

heat exchanger may be affected by fouling. In order to determine 

this a mathematical model was proposed. Heat exchanger is 

modeled using lumped-parameter approach. The model was 

implemented in Simulink and compares with different years of 

operation. For different periods of exchanger operation tuning 

parameters were used. The values of tuning parameters changed 

under changing thermal resistance of fouling. 

 
Keywords: Shell and tube heat exchanger, PID Controller, Cell 

based model. 

1. Introduction 

Heat exchanger fouling is defined as the accumulation and 

deposit of unwanted substances that form on the external and 

internal surfaces of a variety of processing equipment called 

heat exchangers. Fouling layer imposes an additional resistance 

to heat transfer and the narrowing of the flow area. 

Consequences of fouling includes burning extra fuel and 

reducing exchanger efficiency and other problems and other 

problems. Innovations and research related to fouling has 

gained achievements in the field of industrial area. In this paper 

determination fouling influence is identified. For this, cell 

based modeling of heat exchanger is used. Shell and tube type 

heat exchanger is used. It is one of the most common type of 

heat exchanger is used in oil refineries and petro-chemical and 

large chemical processes and is suited for higher pressure 

applications. The performance of heat exchanger depends on so 

many factors. Some of them may occur due to fouling. To make 

any exact prediction about the performance of heat exchanger 

under a set of fouling conditions is always a tough job. 

However, by using effective controllers the influence of fouling 

can be obtained. The present paper is also an attempt of 

analyzing the influence of fouling using controllers. For the 

analysis of this shell and tube heat exchanger is used. For the 

efficient use of heat exchangers under changing conditions it 

requires proper models. For this purpose, mathematical 

equations are used. With the help of Laplace transform transfer 

function is created using cell division method. In this each cell 

is divided into four input signals and generates two output 

signal. The model of a heat exchanger eight combinations of 

ratios is formed. The block diagram is chosen on the basis of 

basic parameters like thermal conductivity, viscosity, specific  

 

heat capacity, density. 

2. Shell and tube heat exchanger 

It provides a large heat transfer area. The tubes are placed  

in bundle  and the ends of tubes are mounted in tubes sheets. 

The tube bundle is enclosed in a cylindrical shell, through 

which the second fluid flows. Most shell and tube exchangers 

used in practice are of welded construction. It is used to heat or 

cool process fluids, either through a single-phase heat 

exchangers or a two-phase heat exchanger. In single-phase, the 

tube side and shell side fluids remains in the same phase. These 

heat exchangers are used when other heat exchangers do not 

provide sufficient area for heat transfer. It is more economical 

and requires less materials for construction. 

 

 
Fig. 1.  Shell and tube heat exchanger 

 

Large amounts of thermal energy are transferred between 

fluids for heating or cooling in industries. Heat exchangers are 

frequently operating under varying conditions. Their 

appropriate use in flexible heat exchanger networks as well as 

maintenance related calculations require adequate dynamic 

models. These models are used for estimating their behavior. 

One of the model are often used to represent heat exchangers 

are cell based model. 

A. PID controller 

 
Fig. 2.  Diagram of PID Controller 

 

PID stands for proportional integral derivative. Controllers 
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are designed to eliminate the need for continues operator 

attenuation  

B. PID tuning 

PID control is based on feedback. The output of the device 

or process is measured and compared with the set point. If a 

difference is detected a correction is calculated and applied. 

PID stands for proportional integral derivative. There are three 

approaches are used to determine, the optimal combination of 

these settings manual tuning, tuning heuristics, and an 

automated methods. Here we use auto tune method 

3. Cell based model 

Heat exchangers are changing according to different 

changing conditions. For example, conditions resulting from 

fouling build up time. Different types of modeling are used for 

heat exchanger dynamics. The changing nature of operating 

conditions are generally modeled in the concepts of flexibility, 

controllability, reliability. The appropriate use of heat 

exchangers under varying conditions require adequate dynamic 

models. Cell models can result a large number of equations but 

equations are simple. It offers modeling flexibility to 

accommodate any type of surface heat exchanger with any flow 

arrangement.  

 

 
Fig. 3.  Representation of a cell 

4. Heat exchanger cell 

A Simple heat exchanger cell is defined as two perfectly 

tanks exchanging heat only with each other through a dividing 

wall. The following modeling assumptions are employed to 

drive the dynamic cell model. 

1. Temperature constant because of the cell feature. 

2. Fluid densities are constant. 

3. The tanks are completely full with the corresponding 

fluids. 

4. The wall resistance to the heat transfer is neglected. 

With regards to the system techniques, any quantity material 

or energy entering the system is considered to positive, also any 

quantity leaving the system is negative. The equations used for 

cell representation are derived from the energy-balance 

equation. Energy accumulation in the control volume is equal 

to the energy amount in the inflowing fluid minus energy 

amount in the outflowing fluid, minus heat amount transferred 

out the control volume. The energy balance of the entire cell is 

represented by three ordinary differential equations that 

describes the energy balances of the tube side fluid, tube walls 

and shell side fluid. 

 

 

 
. 

𝜌𝑠. 𝑐𝑝𝑠 . 𝑉𝑠.
𝑑𝑇𝑠𝑜

𝑑𝑡
= 𝑀𝑠. 𝑐𝑝𝑠 . 𝑇𝑠𝑖 − 𝑀𝑆. 𝑐𝑝𝑠 . 𝑇𝑠𝑖 − 𝑀𝑠. 𝑐𝑝𝑠 . 𝑇𝑠𝑜

− 𝑛𝑏 . 𝜋. 𝐷2. 𝑙. ℎ𝑓𝑠. (𝑇𝑆𝑜 − 𝑇𝑠𝑤)                  (3) 

 

 

For these equations the constants used are 

 

𝑎1 =
1

𝜌𝑡 . 𝑉𝑡

                          (4) 

 

𝑎2 =
𝑛𝑏 . 𝜋. 𝐷1..𝑙. ℎ𝑓𝑡

𝜌𝑡 . 𝑐𝑝𝑡 . 𝑉𝑡

          (5) 

 

 

𝑎3 =
𝑛𝑏.𝜋. 𝐷1. 𝑙. ℎ𝑓𝑡

𝜌𝑤. 𝑐𝑝𝑤. 𝑉𝑤 .     
            (6) 

 

𝑎4 =
𝑛𝑏 . 𝜋. 𝐷2.𝑙. ℎ𝑓𝑠

𝜌𝑤. 𝑐𝑝𝑤. 𝑉𝑊

             (7) 

 

 

𝑎5 =
1

𝜌𝑠. 𝑉𝑠

                             (8) 

 

 

𝑎6 =
𝑛𝑏. 𝜋. 𝐷2. 𝑙. ℎ𝑓𝑠

. 𝜌𝑠 . 𝑐𝑝𝑠. 𝑉𝑠

            (9) 

 

In this section, the heat exchanger system are mathematically 

modeled using available data. The experimental process data 

are summarized below. 

5. Cell model of a heat exchange 

The described heat exchanger cell model can be used by 

system and control engineers to constant dynamic models of 

complete heat exchangers. By solving the mathematical model 

transfer function is used. Operator transmittance G(s) is a 

widely used tool for describing a dynamic system. Prior to this 

model, a block diagram of the heat exchanger should be 

developed to visualize the interdependence of between 

exchanger cells. The developed block diagram can be 

implemented and converted into a simulation tool using 

simulation software in MATLAB environment. In the present 

work, for each cell the data base includes parameters like fluid 

temperatures, mass, flows, heat transfer coefficients, thermo 

physical parameters.  
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Fig. 4.  Model of heat exchanger 

 

 
Fig. 5.  Cell model of heat exchanger 

6. Fouling impact of heat exchanger without controllers 

 

 
Fig. 6.  Impact of fouling on heat exchanger 

 

 
Fig. 7.  Cell model 

 

A. Closed loop analysis 

It represents the results of Simulink modelling of a heat 

exchanger Unit including feedback PID controller. For each of 

the selected operation periods, the values of the tuning 

parameters of PID controller were determined using auto tuning 

method. The obtained results indicate that to compensate to 

fouling build up on the heat transfer surfaces. Periodic 

corrections of the tuning of PID controllers are required.  

 

 
Fig. 8.  Fouling detection using PID controllers 

B. Result after one year of operation 

 

 
Fig. 9.  Result after one year 

C. Result after two year of operation 

 

 
Fig. 10.  Detection of fouling after two year 

D. Result after three year of operation 

 
Fig. 11.  Fouling detection after three year 

 

 

 

Table 1 

Tuning parameters of PID, Values of PID 

Controllers First year Second year Third year 

Kp 34.90 23.03 12.68 

Ki 1.80 1.594 0.96 

Kd 0.25 36.59 15.73 

 

 



International Journal of Research in Engineering, Science and Management  

Volume-2, Issue-7, July-2019 

www.ijresm.com | ISSN (Online): 2581-5792     

 

168 

7. Conclusion 

From the earlier studies found that the influence of fouling 

on heat transfer in heat exchangers are identified. But the 

studies are not completed. In the present paper, control-theory 

based approach was used for the faster identification of fouling. 

The method allows step by step simulation on the effect of 

fouling on heat exchangers. This method can be applied in 

industries.  
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