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ABSTRACT: Heat exchanger is a non-linear process and to estimate the parameters, filtering techniques are used. This
project deals with Counter-Flow Double pipe heat exchanger. Empirical formulae of heat transfer have been included
to estimate the parameters and for modeling. PI controller is used to control and reduce the offset. The Kalman filtering
approach has seen many applications such as forecasting, condition monitoring, diagnosis of fault, and process control.
The state variables of heat exchanger are obtained in state space model and the states are estimated using extended
Kalman filter (EKF). The algorithm of EKF is implemented in MATLAB and it will be compared with the other
filtering technique. Finally, the estimated state is compared the true state update. The filters are effective in the
estimating the nonlinear process.
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I. INTRODUCTION

Heat exchangers are widely used in chemical, power and food processing plants where there is a very of need to
control the plant temperatures. It is very essential to monitor and control the plant temperature to maintain the product
quality. Heat exchangers are modeled in many ways. To determine the model parameters, geometry of the heat
exchanger and the empirical relations of the overall heat transfer coefficient are considered. In literature [1], the study
proved that EKF approach is better than system identification techniques. Also, the EKF approach uses optimization of
parameters against a score function in math libraries. The state estimation of a dynamic heat exchanger model is
considered here. Mathematical model of the counter flow double pipe heat exchanger is made in [2]. Usually to
estimate the parameters by state estimation it requires several experimental setup that is quiet challenging and
expensive. Implementation of EKF is found in induction motor driver application in numerous configurations [5, 6, 7].
Therefore, the estimation of such parameters by state estimation tends to have a great value.

State estimation technique by Kalman filter is developed in the year 1960.The filtering techniques are widely used in
the various field of engineering and scientific applications. Also,the applications include communications, medical
field, control, and various emerging fields. In general, Kalman filters are suitable for linear process. Process control is
nonlinear and to remove the noise in the nonlinear system, several filtering techniques have been developed. The noise
present in the system is electromagnetic in nature. To remove such noise, it is considered as a statistical model and the
estimates in it are evaluated in a curve of probabilistic value. The main problem with EKF is the computation of
Jacobian matrix of the model. When the system is nonlinear severely, the estimation result leads worst problems. When
the system is complex nonlinear, the performance of EKF is not better comparing to its normal operation.

The aim is to estimate the state variables (inlet and outlet temperature) of the heat exchanger model using EKF
(Extended Kalman Filter). The power system estimates of PMU model had been done by considering the new state
estimation model [3]. In this, the double state estimation model is validated by the simulation. State estimation
technique is proved to be more advantageous than the other techniques. This study proves and investigates the version
of EKF to implement by considering the inlet and outlet temperatures as state variables. To estimate a process KF
based feedback control is used.
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Il. HEAT EXCHANGER - MODEL

Heat exchangers are the devices used in transferring the heat energy form one fluid to another. The counter-flow
double pipe heat exchanger process involves the direct lumping element. The dynamics of the system is obtained by the
second order differential equation [1]. From the second order differential equation, state model is obtained by
considering the Tho and Tco, the outlet temperature at hot and cold junctions respectively.

We cannot have the description of plant or process to determine the parameters and hence mathematical modeling is
performed. Here, the counter-flow double-pipe heat exchanger modeling is done by considering the energy balance
equation. The experimental values of the counter-flow double-pipe heat exchanger are substituted from [2].

The namecounter-flow double-pipe heat exchanger arose because of its counter flow of the hot and cold fluids in the
junctions of the heat exchanger. The heat exchanger applications vary many in process industries, food processing
industries, and chemical industries and so on. The counter-flow double pipe heat exchangers (coolers) are found
commonly in chemical processes. In general, the applications where temperature of specific processes needs to get
down or in exothermic process.

The accumulation of energy is given by the energy balance equation in [1] and the modeling for the heat exchanger
model in [8]: [Flow of moles of gth component into system] — [flow of moles of gth component out of system] + [rate
of formation of moles of gth component from chemical reactions] = [time rate of change of moles of gth component
inside system]

From the above energy balance equation, the 2nd order differential equation by considering single element per fluid:
d Teo Ve UuA

== (T,-T — 2 (T.)-T
it Ve (To = Teo (1) + o C.V, (Tho (1) =T, (1)) "
dTho Vi U A
— -, -T — = T.-T
dt VH ( hi ho (t)) + ph Cphvh ( co(t) ho (t)) (2)

The terms in equations are represented in the table 1 and the above equations takes account of the following
assumptions:

al equals the inflows and outflows and implies constant volume in both tubes;

a2 the heat transfer coefficient relates the flow and heat of the fluids;

a3, no heat transfer between the environment and external tube;

a4 the thermophysical properties in the fluids remains constant;

a5 there is no energy stored in the walls;
a6, inlet temperature is maintained constantly.

Table 1: Nomencalture

V. Volume in the cold side, m°

Vi Volume in the hot side, m’

Ve Flow in the cold side, m*/seg

Vh Flow in the hot side, m%seg

Cpc Specific heat in the cold side, J/Kg°C

Cph Specific heat in the hot side, J/Kg°C

Pe Density of the cold fluid, Kg/m®

Ph Density of the hot fluid, Kg/m®

A Heat transfer surface area, m”

U Heat transfer coefficient, W/ m?

Te, Thi | Inlet temperatures in the cold and hot sides, respectively, °C
Te, Tho | Outlet temperatures in the cold and hot sides, respectively, °C
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The heat exchanger model implemented here is a single cell which has two perfectly stirred tanks with both inflows
and outflows. The state variables assumed here has initial values. A low-order model like is proven useful for observer
or control which is highly useful for synthesis purposes, where higher-order dynamics is convenient for the
implementation of numerical simulations oriented to test the (observer or control) designed algorithms.

1. EXTENDED KALMAN FILTER

State estimation technique is achieved by Kalman filtering. Kalman filters are utilized for linear systems, for
nonlinear systems, the Extended Kalman filter is much of interest. In engineering and embedded systems filtering is
desirable in many situations. For instance, radio communication signals are corrupted with noise. A good filtering
algorithm can remove the noise present in the system. Usually, noise present in the signal is electromagnetic in nature.
The tool that can estimate the variables of wide range in a process is termed to be Kalman filters. Rudolf E. Kalman
developed this filter in the year 1960. Kalman filters have been subjected as extensive and research oriented
application, particularly in tracking and navigation. It is powerful in various aspects, such as tracking the events as past,
present, and future states, it performs precisely when the modeled system is unknown. It is theoretically attractive
because of all the filters; it minimizes the variance of the estimated error.

The EKF was proposed for nonlinear systems, the state model is obtained by the assumptions of two state variables
and the state model is represented as follows:
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The above shown is the state model of the heat exchanger model. Output equation of the model is obtained by the
consideration that, outlet temperature at cold junction or the outlet temperature at the hot junction. To control the
process, accurate estimate of the process variables are needed. EKF approach is mainly for nonlinear systems, the
algorithm contains five and two phases:

EKF time update equations are given below for the prediction phase as follows:
X K Ik + T f ( X K Ik U k ) (4)

s

Peiire = dePk/dekT + Q (5)

Ky = P H.'(H, Pk H'+R)™ (6)

The correction phase is represented below,

X = Xieane + K Mo = Hie X0 (7

Bt = Roa = KeaHi R (8)
K is the Kalman gain matrix, P is the covariance matrix, and Fd is the Jacobian matix of the system. The Jacobian
matrix for the output is denoted as H.

IV.SIMULATION RESULTS

The response of the EKF simulation is obtained and it is shown below. It shows that, the noise reduction of the heat
exchanger model. Also, there is a presence of noise in the system.

Copyright to IJAREEIE WWW.ijareeie.com 122



ISSN (Print) : 2320 - 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)

Vol. 3, Special Issue 4, May 2014

Output

il P /.

I INELIVALA \ A ; A\ TN

1SN VWANIY b S A oY AU W Y
VM \\ NN \\“; r \/ VO AN Ve, \V/

Error
o
s
<

Nyt
\W
W

5L 4

-10 L L L L L L I i I
0 10 20 30 40 50 60 70 80 90 100

time

Figure 1: Output response

V. CONCLUSION

The state variables estimation of a heat exchanger model is done by extended kalman filter by computing the two

phases, prediction and correction. Extended Kalman filter is suitable only for nonlinear processes. The state variables
of the counter-flow double-pipe heat exchanger are estimated.

The steady-state EKF algorithm will compares the estimated state with true state. State variable estimation technique

is fast. To remove the error in further, Unscented Kalman Filter will be compared. UKF is advantageous and it updates
the weight by sigma points for the state variables assumed and reduces the noise comparing with EKF.
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