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Abstract

Heat exchanger plays a important role in many unitsas they have the capability to hold different temperarure and pressure range. In this
paper the linear quadratic controller and Dynamic matrix controller is implemented for heat exchanger system. The out let temperature
of the tube is controlled by monitoring the inlet flow rate by using different controllers. The model of the system has been obtained from
experimental data using system identification technique. The LQR and DMC is compared by analyze the servo performance in the
system in terms of settling time, overshoot and rise time.
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derived. The model of the given system is identified by on line
estimation of process parameters.

1. Introduction

The proposed plants are commonly used in many industries like
gas industries, nuclear power plants, petrochemical industries[1].
Heat exchangers are used to conduct the heat between two
difference temperature medium like liquids and gases. The
additional advantages of proposed system are low cost and high
efficiency [2]. The heat exchanger has variable time constant and
steady state gain for different flow rate in the tube of heat
exchanger.[3]. The conventional controllers provide poor servo
and regulatory performance for different operating region [4][5].
Here the controlled variable and manipulated variables are cold
water outlet temperature of cold water and inlet temperature of
cold water. Controlling and modeling of our system is very
difficult due to the non linearity presence in the heat
exchanger.[6],[7],[8]. Among the various types of heat exchanger
shell and tube heat exchanger provides more efficiency than k
other.[9][10]. Various approaches to obtaining mathematical of WATER 2
heat exchanger system is developed by various authors '
[11][12][13]. The dynamic and static behaviors of the controller
are analyzed by performing real time experimentation on heat of == v
exchanger. The proposed Dynamic matrix controller provides best : b T
servo and regulatory performance than other controller
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2. Heat Exchanger System

There are many tubes placed inside of the shell in the heat
exchanger. Here the heat is transferred from shell side to tube side.
The water flowing through the tube is not having direct contact
with the shell, but the transfer of heat takes place in the heat
exchanger. Heat transfer rate is analyzed by adjusting the
incoming flow rate to tube. The aim of this work is to control
temperature of tube outlet. In order to design the linear quadratic
regulator the model of the heat exchanger system needs to be

Fig.1:Heat exchanger setup

Table 1:Shell flow rate and duration
Shell inlet flow

Sampling Instant

rate(LPH)
350 1800
350-250 1800-3600
250-150 3600-5600

O
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Fig.2:Open loop response of for different flow rate

The system identification technique is used derive the state space
model from the experimental input and output data.

:[—0.00019 0.00053
0.00063  0.00267

B = [1.487e-07 -1.0238e-06] T

C = [411.910.12]

3. LQR Controller

The LQr Controller is very powerful for complex system that have
highly nonlinear dynamics. [15] . The cost function is established
by the matrices R and Q, that weight system input and state
vector respectively. In the LQR method, the optimal control input
is obtained by algebraic Riccatti equation. The linear model of the
heat exchanger and linear quadratic control is used to design the
state feedback controller.
X(©) = Ax(t) + Bu(t) 0 x(0)=x, 1)
Where u(t) - input vector and x(t) - state vector. The matrix K is
determined by the state - feedback control law

U(t)=-kx(t) @

It satisfies the two criteria’s are the System is asymptotically stable
for closed loop, the quadratic performance functional and cost
function

J@ =G, T ©0x(®) +uT (ORu(]de ©)

The Q is a non negative matrix that reprimand the system state
and the definite matrix is R that regulate control input[14].The
following Linear quadratic regulator design steps used to identify
the optimal feedback controller.

Step nol- Solve the matrix Algebraic Reccati Equation
PA-ATP-Q-+PBR!BTP=0 4)

Step no2- To find the optimal state ie., X*(t) using following
equation

X*()=[A-BRIBTP]X*(t) (5)

Step no3- Determine the optimal control u*(t) using following
equation

I'= (B)XT (H)PX(1) (6)

Step no4- Determine the system performance index from

J'=(1/2) X T(t)PX(t) (M

The weighting matrix R and Q are plays important role in linear
quadratic  controller optimization process. The system
performance is based on the composition of matrix R and Q.
Selecting the matrix Q and R is depends on dynamic and static
characteristics of the given system

4. DMC Controller

Several researchers highlighted the features of DMC
controller[15],[16]. The features of DMC has been summarized
for readers convenience. The DMC controller has adjective
function with V measured process variable and S controller
output.[17]

mingg J = [é — AAQ]T[e — Ad] + [40])T AT A[AQ] (8)
The step o[)esponse is represented as
YO =) gidut -
The preé?éted ;)/alue of output can be expressed as
37<t+§> =Zg,-Au(t+k—i)+ﬁ(t+§)
i-1

3}

K
ZZgiAu(t+k—i)+ Z
i=1

i=k+1

. k
giAu(t+k—i)+n(t+?)

The ouput value with disturbance can be written as

o5}

k k
y(t+?>:2giAu(t+k—i)+ Z
i=1

i=k+1

gibu(t+k—1i) + vy, (t)

<) k
—ZgiAu(t—i)=2giAu(t+k—i)+f(t+k)
i=1 i=1

The response of the system is not depend on the future control is
represented by

XFE+I) = y(© + ) (Gt — 90 Bu(t = D
i=1

37<t +%> =glau(t)+ f(t+1)

9 (t + %) = g2Au(t) + glou(t + 1) + f(t + 2)

9(c+5) =;giAu(t+p—i)+f(t+p)

s < Ugmax ©

A closed form solution for equation (eq .9) can be written as
equation (eg. 10).

At = (ATTTTA+ ATA) AT T'TTée (10)

Here the Dynamic matrix A contains coefficient of output
response and controller output for various step input; the vector e
is the error signal for R measured variable over the prediction
horizon P; the vector u is the controller output determined for
various sampling instant M ( Control horizon);  is estimated
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process output for the sampling instant P.ATA is the diagnal
matrix having dimension (M*M).

5. DMC Implementation for Heat Exchanger

DMC controller parameter is determined by using tuning rules
given by Cooper and Shridhar[20]. The actual data from process
used to design typical DMC controller. The dynamic matrix
determined using coefficient of step response. The element A is
formated from the coefficient of process variable for particular
shell outlet valve position. The element of A, A2, A is
constructed for different shell outlet valve position of heat
exchanger.

A A
4= |41 12]

A21 Az2lypam
[ @i 0 0 0
|aijz  aijq 0 0 |

Qij3z  Qija aij1 0
A = .

|aij,M aij,M—l aij,M_z aij,l |
laij'P Gijp-1  Qijp-2 aij,P—M+1J

PxXM

6. Result and Discussion

81

The below matrix consist of control variable over the control
horizon is formed by using equation (8) and equation (9).

Auy (n)
Aus(n+1)
Auy(n+ 2)

Auy(n+M-1)
Auy(n)
Au,(n+1)
Auy(n + 2)

LAuy(n+M -1,

s08
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Fig.4: Comparision between LQR response and DMC response
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Table 2: Performance analysis

Rise Time Over Settling
Controller — “'secy™  Shoot (%)  Time (SEC)
DMC 127 5 340
LQR 340 7 1340

The LQR controller and DMC controller are designed and
simulated using MATLAB software. Here is the slight difference
between output response of LQR controller and DMC controller.
The fig.3 shows the effectiveness of dynamics matrix controller,
linear quadratic regulator. The DMC controller provides accurate
controller output to achieve desired set point tracking. The change
in controller output in DMC controller is based on estimated
values of output response of the heat exchanger unit, it ensures
perfect control action on servo and regulatory performance.

Fig .5: Experimental setup

7. Conclusion

In this work, a control scheme based on LQR controller and DMC
controller has been implemented for system with heat exchanger.
The output response parameters are rise time, settling time and
overshoot plays vital role on controller performance analysis. The
dynamic matrix controller provides perfect control action in servo
performance analysis. The result ensures that, the dynamic matrix
controller is the best controller for high time constant and non
linear process. The controller scheme is not only good in dynamic
process, but also provides robustness for highly disturbances to
the process.
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