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Optimal design of bypass location on heat exchanger networks
based on structural controllability
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Abstract: During the operation of heat exchanger networks (HEN) with varying operating conditions,
bypass optimal control is considered an effective method to adjust outlet fluid temperature and save
energy. However, locations of bypasses are derived without the verification by the control theory. And, it
is always very difficult to choose the location of bypasses with the trade-off between controllability and
capital investments. Therefore, it is necessary to develop a method to design a HEN control structure based
on the control theory. Based on structural controllability, in order to maintain all states controllable and
minimize the number of bypasses, a bypass optimal design method with all states controllable (method 1)
was proposed. On the other hand, when the number of bypasses was limited, to maximize controllable
states an alternative bypass optimal design method with sub-controllable states (method 2) was also
presented. The results indicated that with these two methods, the optimal bypass design could be derived
for any requirement of controllability and capital investments. A case study of HEN before desalting in an

atmospheric/vacuum distillation plant demonstrated the effectiveness of these two methods proposed in this paper.
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Table 1 Basic parameters of streams

Input Output Flowrate Enthalpy
Name

temperature/°C temperature/°C  /kg e+ s™! /kW

crude oil 55 162 60.95  2.78X10"
changding 114 86 3.93 3613
chang? 200 118 12.74 2670
chang3 230 120 10. 16 2701
jianlzhong 174 110 8. 31 1261
jlan2 222 116 18. 34 4338
jian3 218 122.5 4.24 902
jlanzhal 227.5 124 27. 36 6742
jianzha2 205 120.5 27. 36 5622
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Table 2 Real heat exchanger and streams corresponding

to numbers of Fig. 2

Heat exchanger Real heat Stream Real

No. exchanger No. stream
1 El101a 0 crude oil
2 E1101b 1 changding
3 E1102b 2 chang?2
4 El102a 3 chang3
5 E1103 4 jianlzhong
6 E1104 5 jlan2

7 E1105 6 jian3

8 E1106 7 jianzhal
9 El1201a 8 jianzha2
10 E1201b

11 E1202

12 E1203

13 E1204

14 E1205a

15 E1205b

16 E1206

17 E1207

18 E104

19 E105
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Table 3  Flexibility of each heat exchanger’s output temperatures when input temperature dropped 5°C in E1202

Heat exchanger Cold flow Hot flow MinAT Heat exchanger Cold flow Hot flow MinAT
E1106 0.001624 0.000398 —0. 0015 E1207 0.026846 0.0165 —0.0132
E1105 0.002226 0.00167 —0.00078 E1206 0.033924 0. 020456 —0. 00656
E1104 0. 003022 0.001052 —0.00219 E1205b 0. 037854 0.012944 —0. 02859
E1103 0.004052 0.003104 —0.00114 E1205a 0. 04599 0. 02405 —0.02517
E1102a 0. 004476 0.007864 0.004792 E1204 0.053146 0. 04892 —0. 00535
E1102b 0.001384 0.003098 0.002478 E1203 0.055553 0. 04364 —0.01785
E1101b —0.00011 —2.8X107° 9.72X10°° E1202 0.066209 0.246938 0. 240707
El1101a —0.00014 —0. 00081 —0. 00073 E1201b 0.006234 0.018126 0.013417

E104 0 0 0 E1201a 0.002876 0.012977 0.011407
E105 0 0 0
x4 E1207 A -ENOEER SCEHRMAFHOBEER M
Table 4 Flexibility of each heat exchanger’s output temperatures when input temperature dropped 5°C in E1207

Heat exchanger Cold flow Hot flow MinAT Heat exchanger Cold flow Hot flow MinAT
E1106 0.099344 0.037784 —0.07111 E1207 0. 208086 0. 505044 0. 379506
E1105 0.12047 0.094038 —0.03972 E1206 0.009644 0. 020456 —0. 00189
E1104 0.144336 0.085734 —0.06443 E1205b 0.0109 0. 00365 —0. 00835
E1103 0.171354 0.17182 —0.00176 E1205a 0.013342 0. 006698 —0.00765
E1102a 0.175906 0.27123 0.13302 E1204 0.015567 0.014035 —0.00191
E1102b 0.078694 0. 13433 0.0777 E1203 0.016375 0. 033236 0. 025449
E1101b 0.021993 0.062616 0. 046094 E1202 0.001417 0.001102 —0. 00049
El101a 0.009949 0.043307 0. 037877 E1201b 0.001598 0. 004756 0.003565

E104 0 0 0 E1201a 0. 000706 0.003117 0.002732
E105 0 0 0
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Table 5 Contrast of bypass designs between stepwise optimization method and optimal design based on structural controllability

Method Bypass location Number of controllable states Percent of controllable states/ %
stepwise optimization method E1104,E1202 24 60
optimal design based on structural 4 bypasses:E1104,E1206,E104,E105 40 100
controllability 3 bypasses: E1104,E1206,E105 38 95
2 bypasses: E1103,E1205b 35 87.5
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