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Bypass control for heat exchanger networks based on frequency
domain stability analysis

SUN Lin, YANG Zheng-hua, LUO Xiong-lin
(Research Institute of Automation, China University of Petroleum, Beijing 102249, China)

Abstract: The operating conditions of heat exchanger networks often change during running processes. In
order to fulfill the basic requirements of safe and stable operation, the key points affecting the dynamic
performance and stability of the system were obtained based on frequency domain stability analysis, and a
design of bypass control system was proposed. The interactions of potential bypasses and controlled variables
were analyzed from the perspective of the frequency domain, and the design of bypass for heat exchanger
networks was realized by frequency domain relative gain array. The controller parameters of the control system
were then designed to make heat exchanger networks meet a certain stability margins. Case studies indicate that
under the control of the bypass and PID controller parameters based on the stability analysis method in the
frequency domain, the dynamic performance of the system is better and the IAE (integral of absolute error) of
heat exchange networks is smaller.
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Table 1 Basic stream parameters
2 Stream Input Output Heat capacity
) number temperature / °C_ temperature / C /MW °C !
1 1258.71m Hot(H1) 190 30 0.10
2 Cold1(C1) 80 160 0.15
2 428.57 m Cold2(C2) 20 130 0.05
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(14) An Ke K| Establish the frequency
transfer function model
(15) () Kp K| ¢
Pl D;and A, are obtained according
6 to Eq(9) and Eq(10)
The potential bypasses whose IMI
6 equals 1 or close to 1 are remov G
’
The optimal bypass according to
1 pairing rules (2) and (3) is designed
RGA v
Kp and K are obtained to satisfy
(]_,Oj) the requirements of gain margin
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Fig.6 Flow chart of the design of HENs
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Fig.7 Structure of the crude oil heat exchanger network
4.1 )
Vs Table 2 Basic stream parameters of crude oil heat exchanger
Stream Input Output Heat capacity /
number temperature / temperature / MW Y
LAGO 114 86 3613
Yio  Yu ) MAGO 200 118 2670
HAGO 230 120 2701
Ys Yo Yu 3 LVCO 174 110 1261
1 MVGO 222 116 4338
HVGO 218 1225 902
1 Vs VR(1) 2275 124 6742
VR(2) 205 120.5 5622
E104 E1105 E1201 E1202 GRUDE 55 163 2.8x 10°
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Fig.9 Practical heat exchanger networks with bypass control

4.2 r
PID 124
TC1 PI P 41 012 120
Vs 10
~ 116
10 Vs 120's %
112
Pl
108
(14) (15) Timet/s
Pl 5 10 s
5 Fig.10 Outlet temperature profile of ys
5 PI
Table 5 Pl parameters and stability margins
[41] Optimal p | Gain Phase
[41] bypasses margin /db margin/(°)
E1202 1.2 12 4.35 50
Pl E1103 0.12 1.1 36 45
E1205 0.03 0.08 5.2 42
55.1 56 ‘C Pl (IAE) 6
6
Table 6 Comparison of control from different references
Reference Optimal bypasses P | Gain margin/db ~ Phase margin / (°) IAE
E1104 0.5 32 10 80 4110.2
[41] E1202 0.25 10 8 75
E1202 12 12 4.35 50
This paper E1103 0.12 11 3.6 45 12985
E1205 0.03 0.08 5.2 42
(IAE) IAE

[41] PI IAE
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