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Abstract— Shell and tube heat exchanger system is broadly 

utilized in chemical plants as it upholds broad range of 

temperature. Heat exchanger is generally employed to 

transmit heat from a hot liquid to a cooler liquid, so 

temperature control of exit liquid is having leading 

significance. To control the temperature of outlet fluid of 

shell and tube heat exchanger, a conventional PID controller 

can be used. Due to intrinsic demerits of conservative control 

techniques, variable structure control (VSC) based on sliding 

mode control (SMC) principle is proposed to control the 

temperature of the heat exchanger in this paper. Simulation 

results are presented and it is noted that, SMC control is 

better and more versatile as compared with the conventional 

approach using PID controller. Time domain specifications 

and ISE are used as performance measures. 
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I. INTRODUCTION 

In the decades of 1950, variable structure control (VSC) 

with sliding mode control was first proposed and developed 

by some researchers in Russia [1], [2]. The most 

distinguished feature of VSC is its ability to result in very 

robust control systems that possess good transient 

performance, fast response, insensitive to parameter 

variations and external disturbances (noises). Sliding mode 

control design is an approach whose structure is 

intentionally changed with a discontinuous control which 

drives the phase trajectory to a stable hyper-plane manifold 

[3].  

In this study, the heat exchanger used is a fluid-

fluid two pass counter current type. The mass flows of the 

two streams, inlet temperature and outlet temperature of the 

two streams are the process variables associated with the 

function of heat exchanger. In most practical cases the flow 

rates and the inlet temperatures are determined by external 

circumstances. Here the hot fluid temperature is taken as 

controlled variable and cold fluid flow rate is taken as 

manipulated variable. In process industries there is always a 

need for development of innovative technologies for process 

modelling, dynamic trajectory optimization and high 

performance control [4], [5]. 

Many model based controller techniques such as 

internal model based control, dynamic matrix control [6], 

[7] are used in conjunction with PID controller to improve 

the dynamic response of the process. Performance analysis 

using different controllers such as feedback, feedback plus 

feed-forward and internal model controller to regulate the 

temperature of outlet fluid of a shell and tube heat 

exchanger to a certain reference value has been studied by S. 

Padhee [8].  

In this paper, Variable Structure controller based on 

SMC to control temperature of the Heat Exchanger is 

proposed. Even though PID controllers are still widely used 

in industries both the technology developments and 

operational constraints are forcing many industries to adopt 

modern techniques like model predictive controller. In this 

paper, a comparative analysis has been made of a 

conventional PID controller performance with proposed 

VSC based on SMC. 

Rest of the paper has been organized as follows. 

Section II covers heat exchanger process in brief. Section III 

introduces variable structure controller. Design of VSC for 

heat exchanger process has been elaborated in section IV. 

Results using PID and VSC have been given in section V. 

Concluded remarks are clarified in the final section of the 

paper.   

II. HEAT EXCHANGER PROCESS 

A fluid-fluid two pass counter current type heat exchanger is 

used. The mass flows of the two streams, inlet temperature 

and outlet temperature of the two streams and the flow rates 

of the two streams are the process variables associated with 

the function of heat exchanger. Here the hot fluid 

temperature is taken as controlled variable and cold fluid 

flow rate is taken as manipulated variable. 

 
Fig. 1: Shell and Tube Heat Exchanger 

T2=Exit liquid temperature, 

T1=Inlet liquid temperature, 

Ws=Steam flow rate=Liquid flow rate. 

System has been tested by a step input and a 

general model that can be fitted to be a FOPDT. The transfer 

function is given by  
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It should be noted that gain is 0.7, delay time is 

0.53 and time constant for the model is 1.8s. Due to 

presence of the delay PID controller is the common choice 

for the process. Using Pade approximation PID parameters 

are calculated and used for testing the process performance. 

In this work, identified Heat exchanger model is taken from 

the literature of Larsen [9]. The same model has been used 

later in the work by researchers [10], [11].  

III.  VARIABLE STRUCTURE CONTROL 

Consider nth order plant with derivative feedback by 

considering the general system [12]        
𝑑𝑋𝑖

𝑑𝑡
=  𝑋𝑖+1;    1 ≤ 𝑖 ≤ 𝑛 − 1

𝑑𝑋𝑛

𝑑𝑡
=  − ∑ 𝑎𝑖

𝑛
𝑖=1 𝑋𝑖 − 𝑏𝑖  

     (2) 

With feedback control law (depending on Xi) 

𝑢 = ∑ 𝜓𝑖𝑋𝑖
𝑘
𝑖=1    (3) 

Where 
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𝜓𝑖 =
𝛼𝑖 𝑋𝑖𝜎 > 0, 1 ≤ 𝑘 ≤ 𝑛 − 1
𝛽𝑖 𝑋𝑖𝜎 < 0

                 (4) 

Which is switched on the hyper-plane or manifold 

 when  
𝑆:  𝜎 ≈ 0

𝜎 =  ∑ 𝐶𝑖𝑋𝑖
𝑁
𝑖=1

𝐶𝑁 − 1 ≈ 0
                                     (5) 

Where Ci are the coefficients in the switching 

function in (5), which defines the characteristic equation of 

the sliding mode, (i.e. allowing the control to depend on the 

state Xi and its derivatives up to order  (k – 1)), and one can 

get: Hence necessary and sufficient conditions for the 

existence of a sliding mode are:  
inf 𝑎𝑛  ≥  𝐶𝑛−1

𝐶𝑖−1−𝑎𝑖

𝐶𝑖
=  𝐶𝑛 − 1 − 𝑎𝑛; 𝑘 + 1 ≤ 𝑖 ≤ 𝑛 − 1

𝛼𝑖  ≥ 𝑠𝑢𝑝
1

𝑏
[𝐶𝑖 − 1 − 𝑎𝑖 + 𝐶𝑖𝑎𝑛 −  𝐶𝑖𝐶𝑛]

𝛽𝑖 = inf
1

𝑏
[𝐶𝑖 − 1 − 𝑎𝑖 + 𝐶𝑖𝑎𝑛 −  𝐶𝑖𝐶𝑛]

1 ≤ 𝑖 ≤ 𝑘

    (6) 

IV. VSC FOR HEAT EXCHANGER 

The transfer function of the plant (1) using pade 

approximation can be written as: 
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     (7) 

Transfer function can be transferred to companion 

canonical form  

    (8) 

From above the following Control Law is used to 

enable fast hitting and minimal chattering in steady state: 

𝑢 = 𝜓1𝑋1 + 𝜓2𝑋2                           (9) 

Where 

𝜓1 = {
𝛼1    𝜎𝑋1 > 0
𝛽1    𝜎𝑋1 < 0

𝜓2 = {
𝛼2    𝜎𝑋2 > 0
𝛽2    𝜎𝑋2 < 0

           (10) 

The first term (proportional term) of  is standard 

control law of sliding mode controller,  the second term 

Ψ2X2 are included to enable an improvement in rejecting 

disturbance and faster hitting and the hyper-plane or 

manifold s was found using (4): 

𝜎 =  𝐶1𝑋1 + 𝐶2𝑋2    (11) 

From eq. (6) – eq. (11), values of αi ,ßi and ci  are 

computed  as 

α1=2.0966; α2=0.328; ß1=4.051; ß2=0.569; c1=10; c2=6 

V. SIMULATION RESULTS 

PID controller is straightforward and easy to design due to 

approximation of the delay using various existing methods. 

As stated earlier, Pade approximation has been used to 

determine the PID settings in this work. VSC using SMC 

has been designed using the same model that has been used 

for traditional control.  Comparative results using PID and 

VSC for set point of 500C is shown in fig.2.  

 
Fig. 2: Response with PID controller and VSC 

Controller 

Rise 

Time 

(min) 

Peak 

Time 

(min) 

Peak 

Overshoot 

(%) 

Settling 

Time 

(min) 

ISE 

PID 3 4 10 15 0.483 

VSC 5 6 1.46 12 0.249 

Table 1: Controller Performance 

The results of the proposed VSC controller can be 

compared with conventional PID controller have been 

summarized in table I. It is noted that, rise time and peak 

time for PID controller is less than VSC but due to fast rise 

of the response there is peak overshoot is observed. Using 

VSC, peak overshoot has been reduced to 90 %. Settling 

time with VSC is less as compared to the PID controller. 

VI. CONCLUSIONS 

Variable–structure systems (VSSs) based on sliding mode 

control to regulate the temperature of a heat exchanger is 

presented in this paper. From Simulation results given in 

previous section it is seen that VSS control is better and 

more versatile as compared with the traditional PID 

Controller. 

The PID controller has been used as reference 

controller for comparison purpose.  From the results 

observed, it can be concluded that, the VSC controller 

yielded a better dynamic performance than the PID 

controller, in terms of time domain specifications. 
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