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Abstract- The temperature of a single tubular heat exchanger needs to be controlled effectively. In the past, it 
has been controlled using IMC technique. The extension of the conventional IMC tuning technique has been 
successfully used to design a PID controller to control a heat exchanger system. It gives much better results than 
the conventional IMC. 
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I. INTRODUCTION 
 
A single tubular heat exchanger system is considered 
with the effect of the wall made by copper tubular 
and the end side heater with ventilator as shown in 
Fig.1. The modeling of the system has been 
experimentally done in [1]. The temperature control 
of the system has been achieved in that using the 
conventional Internal Model Control technique. In 
order to improve the controller performance a new 
method of design of PID controller has been proposed 
in [2] known as extension of IMC (EIMC) technique 
and again used with a little modification in its design 
in [3]. In section 2, modeling of the system and value 
specifications of the parameters has been discussed. 
Section 3 and 4 respectively discuss the controller 
design using IMC and EIMC technique. Section 5 
compares the responses using both the techniques. 
Section 6 gives the conclusion of the paper. 

 
Fig.1 Single Tubular Heat Exchanger System 

 
II. MODELLING 
 
A single tubular heat exchanger system (STHES) 
consists of a heater and a single copper tube. The 
experimental system is regarded as a distributed 
parameter system. The system is having a transfer 
function from inlet to outlet temperature modelled by 
the following equation:  

 

       (1) 

 

where  , 1      (2) 

 s, 

 

 

 

Heater Time Constant s 

Heater gain  
Fig. 2 shows the step response of the system modeled 
by equation (1)  
1. Internal Model Control 

The general structural block diagram of the IMC is 
shown in Fig.3. Here  denotes the process 

and is the estimated model of the process. 

denotes controller. The design procedure 
of IMC compensator consists of : 
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Fig.2 Step Response of a Single Tubular Heat Exchanger 

System 
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a) Model Factorization: the plant model is 

factorized in two parts - minimum and 
nonminimum phase parts. 

b) Filter selection: to make the controller proper 
and robust against plant—model mismatch, a 
low pass filter is augmented with the inverted 
model, thereby providing complete IMC 
controller. 

 
The most simple IMC filter is the type of 

                      (3) 

  where,  is filter time constant and n is 
chosen to make the controller proper. IMC tuning is 
considered easy because of only one tuning 
parameter, i.e. . 

 
Fig. 3 Block Diagram of IMC structure 

 
The IMC controller is designed as: 

                  (4) 

                (5) 

 Where  denotes the minimum phase part 

and  denotes the nonminimum phase part. 

 The output  is the inverse laplace transform of 
Y(s). 

                     (6) 
Where R(s) denotes input and D(s) denotes 
disturbance. 
 
III. EXTENSION OF IMC(EIMC) 
 
This technique is applied by the following steps: 
1) Estimate the internal model of the process. 
2) Transform the internal model into first-order plus 
dead-time(FOPDT) form. 

 (7) 

where ,  and  are the gain, time constant and 
delay respectively. 
 
3) Divide the internal model into two parts i.e., 
minimum phase part and nonminimum phase part 

   (8) 

where    (9) 

and 

  (10) 

 
4) Design IMC controller as: 

   (11)  

 

Where F(s)=   (12) 

 

    (13) 

 

Thus ,   (14) 

 
5)  Calculate the PID Controller parameters by 
replacing the delay term as: 
 

  (15) 

 
where the coefficients , and  are determined 
using Marquardt optimization . 
For 0 <  < 2.3 ,we get the optimized parameters 
as: 

 = −0.6143 (16) 

 = 0.1247 (17) 

 = 0.3866 (18) 
The controller C(s) when expressed in time constant 
PID form as 

 (19) 

 
Gives,  

 (20) 
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 (21) 

 
 (22) 

 

 (23) 

 where ,  and  are the proportional , integral 
time constant 
and derivative time constant and  is M times of 

. 
M is given value between 3 and10 
 
IV. RESULTS AND DISCUSSIONS 
 
The results for both IMC and EIMC techniques have 
been compared for their setpoint tracking and 
disturbance rejection abilities. 
 
Fig. 4 shows their response for a step input of 50° C. 
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Fig. 4 Step response for IMC and EIMC 

 
Here, it is seen that EIMC controlled system initially 
does not give any response for some time but reaches 
its final value earlier than IMC controlled system. 
Table 1. compares the performance indices for both 
the parameters.Disturbance Rejection is yet another 
important factor concerning the performance of the 
output response. Fig. 5 shows the response of IMC 
and EIMC for disturbance rejection when a 
disturbance of -10° C is introduced after the response 
becomes steady 
 
 
 
 

 
Table I. Performance indices for servo-response 
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Fig. 5 Reguatory response for IMC and EIMC 

 
Here we have introduced the disturbance at time 
t=1500 sec, and the EIMC controlled system rejects 
the disturbance completely and reaches the setpoint 
value at 2380 sec(approx.) compared to 2490 
sec(approx.) for IMC controlled system. 
 
CONCLUSION  
 
In this paper, we have designed a PID controller 
using the modified EIMC technique for Single 
Tubular Heat Exchanger Sytem.  We have also 
compared it with the  conventional IMC controller 
designed for the same. After comparing, it has been 
concluded that the EIMC-PID controller gives much 
better results than IMC controller for both setpoint 
tracking and disturbance rejection.  
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