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RCGA-Based PID Control of a Heat Exchanger
System Incorporating Feedforward Control

and Anti-Windup Techniques
Jong-Kap Ahn

Department of Mechatronics Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In many industrial processes and operations, such as power plants,
petrochemical industries and ships, shell and tube heat exchangers are
widely used and probably applicable for a wide range of operating
temperatures. The main purpose of a heat exchanger is to transfer heat
between two or more medium with temperature differences. Heat
exchangers are highly nonlinear, time-varying and time lag behavior during
operation. The temperature control of such processes has been challenging
to control engineers and a variety of forms of PID controllers have been

proposed to guarantee better performance.

Over decades PID controller has proven to be a very useful instrument in
industrial fields. The generality of PID controllers allows easier design and
tuning compared to other complicated controllers in addition to excellent

control performance, and enables field engineers to operate them relatively



easily.

In this thesis, a scheme of controlling outlet temperature of a shell and
tube heat exchanger system with non-linearity, time varying and dead time
that combines the PID controller with filtering the derivative eliminating a
measurement noise, a feedforward control improving a disturbance rejection
and an anti-windup strategy preventing the integral terms from accumulated
a significant error above or below pre-determined bounds is presented. A
real-coded genetic algorithms(RCGAs) is used to tune the parameters of the
PID controller with anti-windup technique and the feedforward controller by
minimizing the integral of time-weighted absolute error(ITAE). Simulation
works are performed to study the performance of the proposed method

when applied to the process.

KEY WORDS: heat exchanger; PID control; anti-windup; feedforward control;

genetic algorithms
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1. shell 13. channel box outlet
2. shell cover 14. spacers and tie rods
3,4. shell flange 15. baffle plate
5. shell inlet 16. impingement plate
6. floating tube plate 17. support plates
7. floating head 18. vent hole
8. floating head flange 19. drain hole
9. floating head backing plate 20. threaded hole
10. fixed tube plate 21. support feet
11. channel box 22. hanging ring
12. channel cover 23. tube

Figure 2.2 Shell and tube heat exchanger
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Figure 2.6 Simple annular heat exchangers
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Table 2.3 Overall heat-transfer coefficients, K, for heat exchangers.

Typical value Typical range

Configuration
K [W/(nd - K)] K [W/(nf - K]

gas-to-gas heat exchanger at normal pressure 20 5~50
gas-to-gas heat exchanger at high pressure 200 50~500
liquid-to-gas or gas-to-liquid heat exchanger 50 10~100
liquid-to-liquid tubular heat exchanger 1000 200~2000
liquid-to-liquid plate heat exchanger 2500 500~5000
condenser, to a gas 50 10~100
condenser, to a liquid 3000 500~6000
vaporiser, to a gas 50 10~100
vaporiser, to a liquid 5000 500~10000
vaporiser, to a condensing gas 3000 600~6000
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Table 2.4 Effectiveness relations of some heat exchanger configurations.

Configuration n=n(N,c) N =N (»,c)

. . . _ _—N (1—¢) o
coaxial pipes in _l-e N = 1 In 1—cn
counter-flow N e N9 1—c 1=y

T e e YA Inlp(+e)—1]
coaxial pipes in co-flow = ST y— N = B BIP—
STHE with 1 shell-pass -, _ 2 5 . %+ Vitd—(1+0)
and any even i iFelieWate aN= —In :
tube-passes -+l W Ve L EE (s
cross-flow, single pass,
(mc) R _mixed M N*— 11’1[Ch’1(1—77)+1]

. min . ? 50 1 _ C —

(mc),, ,, ~unmixed 77 € c
cross-flow, single pass, |
(rpc)min -unmixed, n= l(l —elmcllmexp M) N =— |14 In(1—cn)
(mc),, . ~mixed ¢ ¢
any heat exchanger with N _ B
c=0 (phase change) n=1l-e N==In(1-n)
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Photo 2.1 Pneumatic 3-way control valve with valve positioner and I/P converter



(a) direct acting (b) reverse acting

Figure 2.8 Diaphragm acting parts for linear action
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Figure 2.9 Electric/Pneumatic converter and valve positioner
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Table 7.1 Heat exchanger system parameter for simulation

Parameter name Parameter Value
actuator gain Ka 0.021
actuator time constant Ta 3
gain of the heat exchanger K 50
time constant of the heat exchanger T 30
gain of the disturbance K 0.286
Sensor gain K 0.160
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Table 7.2 Tuned parameters of the PID and feedforward controllers

Feedforward
PID controller
Method controller
Kp Ki Ka N A
46.083 | 1.483 | 48.754 | 15.705 | no AW
Proposed
34.475 | 1.063 | 35.276 | 9.025 | with AW 0.111
Z-N 24.965 | 4.399 | 35.420 -
T-L 19.099 | 0.765 | 32.515 -
Cvejn(tracking) | 6.614 | 0.209 | 7.267 -
Cvejn(disturbance) | 7.166 | 0.688 | 7.268 -

AW : Anti-Windup
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Table 7.3 Comparison of set-point tracking performances when y; is increased
from 75[C] to 80[C]

Tracking performances
Method
M, tr ts TAE
Proposed 1.4075 20.1769 28.9842 73.2933
Z-N 14.4941 20.1346 83.6075 89.2743
T-L 5.4513 20.4773 73.0632 82.995
Cvejn 0 53.9156 99.9088 142.2658
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Figure 7.10 Set-point tracking responses when y; is step-wisely increased

from 75[°C] to 80[C]
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Table 7.4 Comparison of disturbance rejection performances when T

step-wisely changed to +10[C]

is

Tracking performances

Method Remark
Mpeak trcy IAE
0.107 73.712 1.159
Proposed ( ): No feedforward
(0.444) (130.155) (16.009)
Z-N 0.449 96.204 10.384
T-L 0.590 100.640 22.253
Cvejn 0.890 145.953 35.485
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Figure 7.11 Disturbance rejection responses when Tsn is step-wisely changed
to 10[C1 while y=80[C]
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