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Adaptive Nonlinear Model Predictive Control for a Heat Exchanger by Use of Input-Output

Linearization

Masatoshi YOSHIDA*, Shuji OBI*, Tipaya LEELAKIATESAKUL",
Yoshiyuki YAMASHITA* and Shigeru MATSUMOTO*

This paper describes an adaptive model predictive control by use of input-output linearization. This con-
trol method is applied to a double pipe heat exchanger. A continuous physical model of the heat exchanger
is discretized by using Taylor expansion and then the controlled variable at next time step is predicted by the
discretized physical model. The model predictive controller computes the value of the manipulated variable in
order to control the predicted controlled variable onto a target value. By using input-output linearization, the
appropriate manipulated variable is easily obtained without solving an optimization problem. The control per-
formance by this method is superior to that of PID control. And the proposed method is robust for the modeling

]

error.

Key Words: Model predictive control, Nonlinear, Heat exchanger, Input-output linearization

1. ugd

00oopooooooUooooooOoooooooooon
O0000000o0oD0O000o0ooooDoOoooOooooo
000000000o0o0ooooooDooooooooo
O000000000ooooOo0oooooooooUoooo
O00000000oooooooDOooooOooooooo
00000000000000000000000000O0
O0000ooooooooooooo

0000000000000000ooooooooooo
0000000000000 0Alsop & Edgar? 00000
000000000000000000000000o0oO
000000000 OKhambanondaD 2 00000000
0000000000000000000D000000OgQ
00000000000000000000000000O0
0000000000 000000DDDOMalleswararao
& Chidambaram® 000000000000 OODOOO
00000000000 O0OO0OoggdJoe Alverez-Ramirez

f 0000000000000 17000000000 (1997010)

*00000000000000D0DO00 DoOoOoooOoOoo
oo

* Department of Chemical Engineering, Tohoku University,
Aoba-ku, Sendai
0O Received October 25, 20040

10

04Y000000000000000000000000
00000o0o0oooooooooooooooo
000000o000o00oooooooooooooon
0000000000000000000O0000000oO
000000 Y00000000000000000000
00000000000000000000000000O0
000000000000000000000000000
000000000o0o00ooooooooooooooo
0000000000000000000000000o0oO
00000000000000000000000000O0
000000000000 0000000000oooooo
DOoooooooooooo 90
ooo0o0oOoooOoooUooooooooooUoooo
000000000000000000O0Kurts & Heason ™
O0000o000oo0Doo0o0oooUoDoDoooooUoo
O000oU00ooU0OooUooouopoouooouoooooo
0o0ooo0ooooooUooooooUooooooooog
Valii 0 ® 0000000000000 0O000O00O0
00000000000oo0oooooooooooooo
O000000000ooU0Uooooooooooooooo
00000000 o0oooooooooooooo
000000000000 0oooooooooooon
000000000000 00000000oooooo
000000000 00oooooooooooooooog



000000000000 000D000000000000
0000000000 0000000D000000000
000 Taylor 0000000000O0100000000
0000000000 00000D00000000000
000000000000 000000000000dKurts
& Heason™” O Vallri 0 ® 000000 DOO0DOO0O0O
0000000000 00000000000000000
ooooooon

00000000000 0000D0000000000
0000000000000 00000000000000
000000000000000000000000000
000000000000000000000000000
000000000000 000000000000000
0000000000 00000D00000000000
0000000000000 00000000000000
000000000000 000O0ARMAXOOODOO
000000000000000000000000000
00D0oo00®0000000000000000000
0000000000 000000000000 000
0D0000000000000000000000000
0000000000 00000D00000000000
ooooooog

2. oooo

gobobooooooooooobooooooooobooonoo
gooooboooboooooooooboooooooDbooo
goooooooooooooboooooooDbboobooo
goboobooooobocooboooobooooooobobooo
goboootcoooooboooboOooooooooobooboobooo
goboobootcoobooooobobooooooooobobooo

goooooo

9 _ )+ g(@)u

dt
Ym(x) = h(x)

00xzcR"000000y,c R OD00000ucE R
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000 Taylor 0000000000000 OOOOOO
Taylor 0000000000000 OOO AtO0OO
00000000000000000

3 A

O000Taylor OO0 O0OOOOOCOOO 000000
goooooo

010

m(k+1) 020

_ym

ym(k +1) = ym(k

+Z

+"7rLgL}*h@g~uw) 030

11

gOod00o0ooooooooao
Vol.4, No.2, 10/160 20050

0O0O0LO Le00O0OO0O000O0O000O0000O000O0
Lgh(x) = —f
Lh(x) = LpL'y 'h(x)
00000000000000 y(k)000000000
000000000 ywk)OOOOODOODOOOOOOOO

000 dy(k) 0000 yk)DDODODOOO0000000
=(k)0000000000000

dp(k) = y(k) — ym (k)
0000000001000000000000 ym(k+1)
0000 ysee(k+1)00000000000000000
000000000000000000 100000000
00000D0000000000

040

Ym(k+1) +dp(k) = yser(k + 1) 050

gobooooobooocoooobooooOoooooboobobooo

goboooocoooooboooboooooooOobooDbobobooo
g100000000000D0000o0Oo

dp.s(k) = Bdp s (k — 1) + (1 — B)dy (k)
000040000000 000000000000000
000000000000000000000000000
0000000000000 0000000000000
00000000000000000000 1000000
00000000000 w(k+1) 000000

060

yer(k+1) = ay(k) + (1 — @)yset (kK + 1) o7o
O000EQ.(5) 0 yset(k+1) 00000 Eq.(7) O yer(k+1)
O000Eq.(5) 0 dp(k) 00000 E.(6) 0 dp s (k) 000
O00000Eq.(5) 0 ym(k+1)0 Eq.(3) 00000 u(k)
0000000000000000

a(k) = {yer (b +1) — d f<k>—
—Z“ Lph(a)}/ 2

gooooooooooooboooooobooDbbobooo
000000ooooooon «,p0 200000

ym(k)

LgL} 'h(z) O8O

3. DOOoODOoDbOoOo

3.1 000000000

uboobooobooooooobooobooboooboooo
00000000000 Figl0OOOOOOOODODOO
U2m000000CDOOO0O0O0O0CO0O0O 50mmO0O0
4mmO0 00000 34mmO00 32mm 0000

gobobooooouoboooooooocooooobooooo
gooooooooooobooboboooboboboDno
goboooooooooboooobooooooobooo
gooooooooooooobooooooooobooo
goooooooobooooooooboooooooooobooo
goooooooooooboooooooooooboDbobooo



Fh
flowmeter ~ Thout

heat exchanger
Tein ADL:L

pump control
unit
PD ("7~~~ |
controller m !

water bath

water bath pump

Fig.1 Experimental apparatus

gobooooooooooboooooooooobooo
gooooooooooooboboooooooooDbooo
goooooooooooooboooooooobooboobooo
gooooooooooobobooooooDbooDbobooo
goooooooooooooo
3.2 O00O0OOOOOOOODOOObOOOoOOn
gooboooooooooooboooboooooobooo
goooooooooooooooooobooDbobooooo
goooooooooboooooboooooooDboboobooo
gooooooooooboooobooooooobooo
gbooooooooooo
oooooooooOoOooooooobooOoooovuon
0oOoooo (0o p,000 Cp)OOUOOOOOOO
gooooocoOoooooooobocOoboOoobOobOobOoDno
goooooboooobooobooooobooOobboOooooao
gobooooooboobocoooobooooOooooooboobooo
gboooobooboooooooboocoooboo
gbooboooboobooboobooocboobOooooooo
0@, 0000000000000000 Q.O0000O
Egs.(9),(10) 000000000000 DO0ODOOOOO0OO
000000000 Eq(1) 0000000007, T.00
gooooo0o0oDOoOb0o0oooDR, 000000
0000000000000 00000000000 Ag
gooooooooooooooooboobooOooooDoon

Qh = Fth(Th,in - Th,out) 090
Qc = FcCp(Tc,out - Tc,in) 0100
Q = UAw ATy 0110
Aj.,ln _ ATl ;ﬁTQ
In AT
ATI - Th,in - Tc,out, ATQ = Th,out — Tc,in

000000 UDO00000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000 Egs.(9)0(10) 0000
00000000000000000000000000
00000000000 QnQ.,Q0000000000
ooo

00000000000000000000000000

12

Vol.4, No.2, 10/160 20050
800 T
Uy ©
700 | U, *
Uea T
600
< 500 $ i
= 400 | $ o o
z ¢ o T
o) 300E o
200
100

3 4 5 6 7 8 9 10
Fc [I/min]

Fig.2 Overall heat transfer coefficient for various coolant

flow rate
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Fig.3 Step responce of outlet hot fluid temperature for

changing hot fluid flow rate
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Table 1 Integral absolute error (IAE) for various parameter
a and 8

a [ IAE

0.9 0.8 427.31
0.8 0.9 308.39
0.8 0.8 290.73
0.8 0.7 292.81
0.7 0.8 302.90
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Fig.6 Control responce of the model predictive control for
different tuning parameter 3
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Fig.10 Control responce for various control law

Table 2 Integral absolute error (IAE) for different control
law

control law TAE

Adaptive MPC 219.12
MPC 290.73
PID 347.85
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