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Chapter 1

Reactor

1.1 Reactor_abg.tex
MTT command:
mtt Reactor abg tex

Figure [L.2 (on page @) is the schematic diagram od a chemical reactor. The
acausal bond graph of system Reactor is displayed in Figure [L.1l (on page[L0) and
its label file is listed in Section [[L.T.Tl (on page [I4)). The subsystems are listed in
Section (on page [I8).

This example of a (nonlinear) chemical reactor is due to Trickett and Bogleﬁ]
is used in this section. The reactor has two reaction mechanisms: A — B — C and
2A — D. The reactor mass inflow and outflow f; are identical. q represents the
heat inflow to the reactor.

This is a two input, two-output unstable nonlinear system with unstable zero
dynamics. The following figures illustrate the properties of the linearised system.

e Figures I3 (on page [[2) and [L.4] (on page [I2) show the three poles of the
linearised system as the steady-state flow varies.

e Figure [LH (on page [L3) shows the system zero (when t and c; are the two
system outputs) as the linearised system as the steady-state flow varies.

e Figure [L6l (on page [@4) shows the system zero (when t and ¢y, are the two
system outputs) as the linearised system as the steady-state flow varies.

1K. J. Tricket, Quantification of Inverse Responses for Controllability Assessment of Nonlinear
Processes, PhD Thesis, University College London, 1994
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e CONCENTRATION MODEL '

5 cm a SScc a c:m_b ;:\c_b '
! SSic 0 41 0 1 AF 0 1

REACTION MODEL !

FMRirfa RateAD Rate:AB Rate:BC FMR:rfbf

I 2 e DRAULIC MODEL

ssff— 1 < | '

S FMR oo

; THERMAL MODEL

| SSt0 11 0 | ssit
Chr f

Figure 1.1: System Reactor: acausal bond graph
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Figure 1.2: System Reactor, Schematic
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Figure 1.3: System Reactor: poles 1 and 2 v. steady-state flow fg
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Figure 1.4: System Reactor: pole 3 v. steady-state flow fg

Tue Aug 19 14:42:48 BST 2003 Page 12.



Report Chemical Representation rep

-450

T
line 1

-500

-550

-600

-650

-700

-750

-800

-850

-900
50 100 150 200 250 300 350 400 450 500

f_s

Figure 1.5: System Reactor: zero of system witht and c, as output v. steady-state
flow fg
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Figure 1.6: System Reactor: pole 3 v. steady-state flow fg

1.1.1 Summary information

System Reactor::Simple reactor model

(based on ancient version)

Interface information:

Pseudo bond graph reactor model

Component Rate is in library Chemical/Rate

Variable declarations:
a
b
C
cO0
C-A
c.B

Tue Aug 19 14:42:48 BST 2003
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el

e_2

e_3

fs

rho

t0

ts

ul

u2

x1

X2

X3

Units declarations:

This component has no UNITs declarations
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The label file: Reactor_Ibl.txt

%% Label file for system Reactor (Reactor_Ibl.txt)
%SUMMARY Reactor: Simple reactor model
%DESCRIPTION Pseudo bond graph reactor model (based on ancient ver

%
%
%
%
%
%
%
%
%
%
%
%

%6%%%6%%%6%%%6%%%6%%%%6%% %6%% %6%%%6%%%6%6%% %% % Y6%6%% %% % Y6%6% % %% % Y6%6% % %% % %%6%% %% %
%% Version control history
96%%%6%%%6%%%6%%%6%%%%6%% %6%% %6%%%6%%%6%6%% %% % Y6%6% % %% % Y6%% % %% % Y6%% % %% % %%6%% %% %
%% $1d: Reactor Ibl.txt,v 1.2 2003/06/06 06:38:09 gawthrop Exp $
%% $Log: Reactor_Ibl._txt,v $

%% Revision 1.2 2003/06/706 06:38:09 gawthrop

%% Made compatible with current MTT.

%%

%% Revision 1.1 2000/12/28 17:09:55 peterg

%% To RCS

%%
96%%%6%%%6%%%6%%%6%%%%6%% 6% % %6%%%6%%%6%%% %% % Y6%6% % %% % Y6%% % %% % Y6%% % %% % %%%% %% %

%ALIAS Rate Chemical/Rate

%

Extra variables

%VAR t_s
%VAR F_s
%VAR t O
%VAR c_O
%VAR rho

%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR

<

mlmlml
WNPFEPS

XXX O0O00oTw
WN R
w >

o
%

Tue Aug 19 14:42:48 BST 2003 Page 16.
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%VAR
%VAR
%VAR
%VAR

O S5 X T

%VAR ul
%VAR u2

% Port aliases

% Argument aliases

%% each line should be of one of the following forms:

% a comment (ie starting with %)

% component-name cr_name argl,arg2,..argn
% blank

% --—- Component labels ----

% Component type C
m a lin effort,1
m b lin effort,1
h r Llin effort,c p

% Component type FMR
rfa lin effort,1
rfb lin effort,1
rt lin effort,c p

% Component type Rate

AB Rate k 1,9 _1,h_1,1
BC Rate k 2,9 2,h 2,1
AD Rate k 3,9 3,h 3,2

% Component type SS

c 0 SS c O,internal
c_a SS external,O

c_b SS external,O

T SS iInternal,external
t SS external,external
t 0 SS t O,internal

Tue Aug 19 14:42:48 BST 2003
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1.1.2 Subsystems
e Rate (3) No subsystems.

1.1.3 Rate

[1] [2]
SS:[conc] I R: rl SS:[thermal]

Figure 1.7: System Rate: acausal bond graph

The acausal bond graph of system Rate is displayed in Figure 3.4 (on page
B3) and its label file is listed in Section (on page &4). The subsystems are
listed in Section B.1.3 (on page B5).

This component represents rate of reaction equations corresponding to the
chemical reaction:

nA — B (1.1)

The relevant equations are

dCa _Ga
_— = c.e T
dt kaCa . (1.2)
Q= hakacle T
where %—Cta is the rate of change of concentration of species A and Q is the corre-
sponding heat generated.
Summary information

System Rate:

Interface information:

Parameter $1 represents actual parameter k,q,h,n
Port in represents actual port conc

Port out represents actual port thermal

Variable declarations:

This component has no PAR declarations

Tue Aug 19 14:42:48 BST 2003 Page 18.
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Units declarations:

This component has no UNITs declarations

The label file: Rate_Ibl.txt

%% Label file for system Rate (Rate_Ibl.txt)
%SUMMARY Rate
%DESCRIPTION

% 90%%%%%%%6%%%%%%%6%%6%%%%%6%%6%% %% %% % %% %% % %% %% % %% %% % %% %% % %% %% % %% %% % %%
% %% Version control history

% 90%%6%%%%%6%%%%%%%6%%6%% %% %6%%6%% %% %% % %% %% % %% %% % %% %% % %% %% % %% %% % %% %% % %%
% %% $1d: Rate Ibl_txt,v 1.1 2000/05/19 19:54:15 peterg Exp $

% %% $Log: Rate_lIbl._txt,v $

% %% Revision 1.1 2000/05/19 19:54:15 peterg

% %% Initial revision

% %%

% 96%%6%%%%%6%%%%%%%6%%6%% %% %6%%6%% %% %% % %% %% % %% %% % 6% %% % %% %% % %% %% % %% %% % %%

% Port aliases
%ALIAS In conc
%ALIAS out thermal

% Argument aliases
%ALIAS $1 k,q,h,n

%% Each Bine should be of one of the following forms:

% a comment (ie starting with %)

% component-name cr_name argl,arg2, ..argn
% blank

% --—- Component labels ----

r Rate k,q,h,n
% Component type SS

[conc] SS external,external
[thermal] SS external,external

Tue Aug 19 14:42:48 BST 2003 Page 19.
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Subsystems

No subsystems.

1.2 Reactor_cbg.ps

MTT command:

mtt Reactor cbg ps

This representation is given as Figure [L8 (on page 20).

CONCENTRATION MODEL
Cm a /SSf:_a Cmb SScc b
SSic 0 A 11 0 ] 1 AF| 0 1
REACTION MODEL
V v 2 2
FMR:rfa RateAD RateAB RateeBC  FMR:rfb
A DRAULIC MODEL
SSfl— 1\ |
~
FMR:rt
- THERMAL MODEL
SSit 0 411 0 | sst
Chr f

Figure 1.8: System Reactor, representation cbg (-noargs)

Tue Aug 19 14:42:48 BST 2003

Page 20.



Report Chemical

Representation rep

1.3 Reactor _struc.tex

MTT command:

mtt Reactor struc tex

List of inputs for system Reactor

Component

System

Repetition

f
t

Reactor__f
Reactor__t

1
1

List of outputs for system Reactor

Component | System Repetition
l|ca Reactor_ca | 1
2 |cb Reactor_cb | 1
3|t Reactor__t 1

List of states for system Reactor

Component | System Repetition
1| m.a Reactor_m_a | 1
2| mb Reactor_m_b | 1
3| hr Reactor__hr |1

1.4 Reactor_odetex

MTT command:

mtt Reactor ode tex

X = —Xge3ks — X1 (€1K1 + U1) + Coly

Xo = X1€1K1 — X2(€2K2 4 U1) (1.3)
X3 = X3€3h3ks + X1€1n1K1 + X2€2h2ka + CpUato — UgXa + Up
y1=X1
Y2 =Xz
s (1.4)
Y3 = co
Tue Aug 19 14:42:48 BST 2003 Page 21.
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1.5 Reactor _sspar.tex
MTT command:
mtt Reactor sspar tex

%% Reduce steady-state parameter file (Reactor_sspar.r)
%% as siso_sspar ecxept that inputs/states have different meaning
%% Steady state for constant c_a, ¢ b and t=t_s and f=f_s

%% Unit volume Reactor:
v.r = 1;

%% Do the inputs first -- this avoids problems with reduce not
%% recognising that complicated expressions are zero

%% The exponentials.

el := e (-q 1/t s);
e 2 := e (-q 2/t s);
e 3 := e (-q_3/t_s);

%Steady-state input q needed to achieve steady-state t_s
as = -(

+ (t_0-t_s)*c _p*f_s

+ e 1*h_1*k_1*x1

+ e 2*h_2*k_2*x2

+ e_3*h_3*k_3*x172

);
%% The two inputs at steady-state

MTTul = F_s;
MTTu2 = q_s;

%States (masses)
X1l = c_a*v_r;

X2 = c_b*v_r;

Thermal state
X3 = c_p*t_s*v_r;

%Load up the vectors
MTTx1 :-= x1;

Tue Aug 19 14:42:48 BST 2003 Page 22.
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MTTx2 :
MTTx3 :

X2;
X3;

MTTyl = c_b;
MTTy2 = t_s;

%% Finally, solve for the steady-state concentrations
%% Solve for ca - a quadratic.

a := k 3*e 3; %ca 2
b =k l1*¢ 1 + f s; %ca™1
C = -c_0*f_s;

ca := (-b + sgrt(b™2 - 4*a*c))/(2*a);
%% solve for c b

c b :=c a*k 1*e 1/(f _s+tk 2*e _2);

END;

1.6 Reactor _ss.tex

MTT command:

mtt Reactor ss tex

(/ (4cos fok €218+ 261 foka +12) —eaka — )

(283k3)
X = <€1k1<\/(4C0€3 fsk3+8%k%+2€1 fsky+ fsz)*slklffs>) (15)
(283k3(82k2+f5))
u= (._4451\2c05253fshgkzks-4abs(el)2cossfghgkg-|sl|2e§e2h3k§k2—ws1|ze§fshsk%——Zabs(el)zslszfshsklkz——Zlel\zelfShski-—Isl\ZEzf

(1.6)

Tue Aug 19 14:42:48 BST 2003 Page 23.
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(\/(4(:083 fsk3+8%k%+281 foki+ fsz) —&1k1— fs>

(283'(3)
y= (slk1<\/(40083fsk3+s§k%+2£1f5k1+fsz)781k17f5>) (1.7)
(283k3(82k2+ fs))
ts
(—4lea|coes fska—|e1|?e2ke —2]e1 |%eq foka —|€1]|? F2-+ACoeTes feka+E1kE +2€3 foky +£2 £2)
).( . (48%83k3)
0
(1.8)
1.7 Reactor _sm.tex
MTT command:
mtt Reactor sm tex
—/ (4coeatska +€3kE + 261 foka + 2) 0
A= e1kq —(E2k2 4 fs)
4lg1|%cotre
\/(40083 foks + ka% + 2¢e1 fskq + fsz) hz +€1h1ky — e1hzky — fshs exhoko Q
(1.9
(— \/ (4coes foka+e2k2-+281 foky+f2) +2coeska+erky+ fs>
(283'(3)
B = (81k1 (* \/(4C083f5k3+€%k%+281 fsk1+f32>+81k1+ fs>> (110)
(2e3ka(g2ko+-1s))
1 00
c—[o1 0 (1.11)
1
00 &
00
D= <0 O) (1.12)
Page 24.
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1.8 Reactor _simpar.tex

MTT command:

mtt Reactor simpar tex

# -*-octave-*- Put Emacs iInto octave-mode

# Simulation parameters for system Reactor (Reactor_simpar.txt)
# Generated by MTT on Fri Mar 3 12:11:48 GMT 2000.

HHHHHH R R R R R R R R R R R R R R
## Version control history

HHHHHHBHHH R AR AR R R R R AR R
## $1d: Reactor_simpar.txt,v 1.1 2000/12/28 17:09:55 peterg Exp $
## $Log: Reactor_simpar.txt,v $

## Revision 1.1 2000/12/28 17:09:55 peterg

## To RCS

Hit

## Revision 1.1 2000/08/24 12:32:25 peterg

## Initial revision

Hit

HHHHHHBHHH R R AR R R R R R AR R

LAST = 0.1; # Last time in simulation

DT = 0.0002; # Print interval

STEPFACTOR = 1; # Integration steps per print interval
WMIN = -1; # Minimum frequency = 10"WMIN

WMAX = 2; # Maximum frequency = 10"WMAX

WSTEPS = 100; # Number of frequency steps

INPUT =1; # Index of the input

1.9 Reactor _numpar.tex
MTT command:

mtt Reactor numpar tex

# -*-octave-*- Put Emacs iInto octave-mode
# Numerical parameter file (Reactor_numpar.txt)
# Generated by MTT at Fri Mar 3 09:22:56 GMT 2000

Tue Aug 19 14:42:48 BST 2003 Page 25.
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%%96%%%%%%%6%%6%%%%%6%%6%% %% %6%%6%% %% 6% % %% %6% %% % %% %% % %% %% % %% %% % %% %% % % %%
%% Version control history
%%%6%%6%%%%%6%%6%%%%%6%%6%% %% 6% %% % %% 6% % %% %6% %% % %% %% % %% %% % %% %% % %% %% % % %%
%% $1d: Reactor_numpar.txt,v 1.2 2003/06/06 06:38:18 gawthrop Ex
%% $Log: Reactor_numpar.txt,v $

%% Revision 1.2 2003706706 06:38:18 gawthrop

%% Made compatible with current MTT.

%%

%% Revision 1.1 2000/12/28 17:09:55 peterg

%% To RCS

%%
%%96%%%%%%%6%%6%%%%%6%%6%%%%%6%%6%% %% %% % %% 6% %% % %% %% % %% %% % %6%%6%% %6%%%% % %%

HFHIFHHFHFHFHFRFHRHE

## Dummies

a = 0; # Dummy

b = 0; # Dummy

c = 0; # Dummy

c_0 = 0; # Dummy
c_a = 0; # Dummy
c_b = 0; # Dummy
c_p = 0; # Dummy
e 1 = 0; # Dummy
e 2 = 0; # Dummy
e_3 = 0; # Dummy
f s = 0; # Dummy
h = 0; # Dummy

h 1 = 0; # Dummy
h 2 = 0; # Dummy
h 3 = 0; # Dummy
k = 0; # Dummy

k 1 = 0; # Dummy
k 2 = 0; # Dummy
k 3 = 0; # Dummy
n = 0; # Dummy

q = 0; # Dummy

g 1l = 0; # Dummy
g 2 = 0; # Dummy
g_3 = 0; # Dummy
g_s = 0; # Dummy
rho = 0; # Dummy
t 0 = 0; # Dummy
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v.r = 0; Dummy
x1 = 0; # Dummy
X2 O0; # Dummy
x3 = 0; # Dummy

## The bulk liquid
rho = 900; # Density
c p =5.0; # Specific heat

## Substance A

k 1 = 2.5e10; # Reaction rate constant
g_1 = le4; # Exotherm constant
h 1 = 1le4; # Heat of reaction

## Substance B

k 2 = 2.65el2; # Reaction rate constant
g_2 = 1.2e4; # Exotherm constant
h 2 = 1.2e4; # Heat of reaction

## Substance C

k 3 = 6e7; # Reaction rate constant
q_3 = 8e3; # Exotherm constant
h 3 = 3e4; # Heat of reaction

## Inflow parameters
c 0 = 10; # Inflow conc
t 0 = 530; # Inflow temp

## Steady-state values
t s = 530; # Steady-state temp
f s = 100; # Steady-state flow

ul = 1.0; # Added by MTT on Thu Jun 05 12:45:35 BST 2003

Tue Aug 19 14:42:48 BST 2003 Page 27.



Report Chemical Representation rep

u2 = 1.0; # Added by MTT on Thu Jun 05 12:45:35 BST 2003

1.10 Reactor_input.tex

MTT command:

mtt Reactor input tex

# -*-octave-*- Put Emacs into octave-mode

# Input specification (Reactor_input.txt)

# Generated by MTT at Fri Mar 3 11:52:23 GMT 2000

HHHH R R R R R T R T R R R R
## Version control history

HHHH R R R
## $1d: Reactor_input.txt,v 1.3 2003/06/06 06:38:02 gawthrop Exp 9
## $Log: Reactor_input.txt,v $

## Revision 1.3 2003/06/06 06:38:02 gawthrop

## Made compatible with current MTT.

H#it

## Revision 1.2 2000/12/28 18:52:24 peterg

## Updated for new formats

Hit

## Revision 1.1 2000/12/28 17:09:55 peterg

## To RCS

H#it

HHHH R R R R R R R R R

## Reduce steady-state parameter File (Reactor_sspar.r)
## as siso_sspar ecxept that inputs/states have different meaning
## Steady state for constant c_a, c_b and t=t_s and f=fF_s

## Unit volume Reactor:
v_r =1;

## The exponentials.
exp(-q_1/t _s);
exp(-q_2/t_s);
exp(-q_3/t_s);

® @ D
WN P
I

## Solve for the steady-state concentrations
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## Solve for ca - a quadratic.

a = k 3*e _3; #ca 2
b =k1l1* 1 + f s; #ca'1l
c = -c_0*f_s;

ca= (b +sgrt(b”2 - 4*a*c))/(2*a);

## solve for c b
c b = c a*k 1*e 1/(f_s+k 2*e 2);

#States (masses)
x1 c_a*v_r;
X2 Cc_b*v_r;

#Thermal state
X3 = c_p*t_s*v_r;

#Steady-state input g needed to achieve steady-state t_s
qgs = - (£ 0-t. s)*c p*f s + e 1*h_1*k 1*x1 + e 2*h _2*k 2*x2 + e_3*h_3*|

## The two Inputs at steady-state
ul = f_ s;
u2 q_s;

# Set the inputs
## Removed by MTT on Thu Dec 28 18:44:39 GMT 2000: mttu(l)
## Removed by MTT on Thu Dec 28 18:44:39 GMT 2000: mttu(2)

ul + 0.1%*ul
u2 + 0.1%*u:

## Removed by MTT on Thu Jun 5 12:48:41 BST 2003: reactor_fT

= ul + 0.1*ul*(t>0.01); # Added by MTT on Thu Dec 28 18:44:47 GMT 2000
## Removed by MTT on Thu Jun 5 12:48:41 BST 2003: reactor_t

= u2 + 0.1*u2*(t>0.05); # Added by MTT on Thu Dec 28 18:44:47 GMT 2000
reactor__f = ul + 0.1*ul*(t>0.01); # T (Reactor)

reactor__t = u2 + 0.1*u2*(t>0.05) ; # t (Reactor)
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1.11 Reactor _state.tex

MTT command:

mtt Reactor state tex

# -*-octave-*- Put Emacs iInto octave-mode

# State specification (Reactor_state.txt)

# Generated by MTT at Fri Mar 3 11:52:23 GMT 2000

HHH R R
## Version control history

HHHH R R R R R T R T R R R
## $1d: Reactor_state.txt,v 1.3 2003/06/06 06:38:31 gawthrop Exp 9
## $Log: Reactor_state.txt,v $

## Revision 1.3 2003/06/06 06:38:31 gawthrop

## Made compatible with current MTT.

Hit

## Revision 1.2 2000/12/28 18:52:25 peterg

## Updated for new formats

H#it

## Revision 1.1 2000/12/28 17:09:55 peterg

## To RCS

Hit

HHHH I R

## Reduce steady-state parameter File (Reactor_sspar.r)
## as siso_sspar ecxept that states/states have different meaning
## Steady state for constant c_a, c_ b and t=t_s and f=f_s

## Unit volume Reactor:
v_r = 1;

## The exponentials.
= exp(-q_1/t_s);
= exp(-q_2/t_s);
exp(-q_3/t_s);

WN P
|

® ® D

## Solve for the steady-state concentrations
## Solve for ca - a quadratic.

a = k 3*e 3; #ca 2

b =k1l*e 1 + f s; #ca1l
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c = -c_0*f_s;
ca=(-b+sgrt(b”2 - 4*a*c))/(2*a);
## solve for c b

c b =ca*k 1*e 1/(f_s+k 2*e 2);

#States (masses)
x1 c_a*v_r;
X2 c_b*v _r;

#Thermal state
X3 = c_p*t_s*v_r;

#Steady-state state q needed to achieve steady-state t_s
gs = -((t 0-t_s)*c p*f s + e_1*h_1*k 1*x1 + e_2*h_2*k 2*x2 + e_3*h_3*k_

## The two Inputs at steady-state
ul T s;
u2 q_s;

## Load up the states

## Removed by MTT on Thu Dec 28 18:46:20 GMT 2000: mttx(1l) = x1;
## Removed by MTT on Thu Dec 28 18:46:20 GMT 2000: mttx(2) = x2;
## Removed by MTT on Thu Dec 28 18:46:20 GMT 2000: mttx(3) = x3;

## Removed by MTT on Thu Jun 5 12:47:23 BST 2003: reactor_h_r
= x3; # Added by MTT on Thu Dec 28 18:46:25 GMT 2000
## Removed by MTT on Thu Jun 5 12:47:23 BST 2003: reactor_m_a
= x1; # Added by MTT on Thu Dec 28 18:46:25 GMT 2000
## Removed by MTT on Thu Jun 5 12:47:23 BST 2003: reactor_m_ b
= X2; # Added by MTT on Thu Dec 28 18:46:25 GMT 2000

reactor__h r = X3;
reactor__m a = X1;
reactor__m b = x2;
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1.12 Reactor _odeso.ps ( -Reactor__c_a)
MTT command:
mtt Reactor odeso ps ’“Reactor__c_a’

This representation is given as Figure [L.9 (on page 32).

MTT simulation on Tue Aug 19 14:41:10 BST 2003
T

3.8 \ T \ \

31

0 0.02 0.04 0.06 0.08 0.1 0.12

1.13 Reactor _odeso.ps ( -Reactor__c_b)
MTT command:
mtt Reactor odeso ps “Reactor__c b’

This representation is given as Figure (on page B3).

1.14 Reactor _odeso.ps ( -Reactor __t)

MTT command:

mtt Reactor odeso ps ’“Reactor__t

This representation is given as Figure [L.11] (on page B3).
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MTT simulation on Tue A

ug 19 14:41:

11 BST 2003

12 ‘ ‘
118 : :
116
114
112
11f-
108 [
106 1
104

1.02
0

MTT simulation on Tue Aug 19 14:41:12 BST 2003

533 : ; :
532 ‘ ‘ ‘
531t

530
529 -
528 -
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523 i i i
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Tue Aug 19 14:42:48 BST 2003

Page 33.



Report Chemical Representation rep

Tue Aug 19 14:42:48 BST 2003 Page 34.



Chapter 2

Reactor TF

2.1 Reactor TF_abg.tex

MTT command:
mtt ReactorTF abg tex

Figure 2.2 (on page B7) is the schematic diagram of a chemical reactor.

The acausal bond graph of system ReactorTF is displayed in Figure 2] (on
page 38) and its label file is listed in Section Z1.7] (on page 85). The subsystems
are listed in Section (on page 42).

This example of a (nonlinear) chemical reactor is due to Trickett and Bogleﬂ is
used in this section. The reactor has two reaction mechanisms: A — B — C and
2A — D. The reactor mass inflow and outflow f, are identical. g represents the
heat inflow to the reactor.

The control loop t/f has been inverted. The resulting SISO system has two
interpretations:

1. the dynamics of the c,/q loop when the t/f loop is under perfect control and
2. the inverse dynamics of the t/f loop.

Figures 2.3 (on page B8) and 2.4 (on page B8) shows the poles of the linearised
system as the steady-state flow varies: these are the zeros of the t/f control-loop
when the cy/q loop is open.

2.1.1 Summary information

System ReactorTF::Simple reactor model — TF loop inverted Pseudo bond
graph reactor model (based on ancient version)

1K. J. Tricket, Quantification of Inverse Responses for Controllability Assessment of Nonlinear
Processes, PhD Thesis, University College London, 1994
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T CONCENTRATION MODEL '

5 cm a c:m_b ;:\c_b '
! SSic 0 /} 1 0 1 AF 0 1

REACTION MODEL !

FMRirfa RateAD Rate:AB Rate:BC FMR:rfbf

I 2 e DRAULIC MODEL

s.s:f\ﬁI 1 < | '

S FMR oo

; THERMAL MODEL

| SSt0 11 0| | Ssit
Chr /

Figure 2.1: System ReactorTF: acausal bond graph
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O
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Figure 2.2: System ReactorTF, Schematic
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Figure 2.3: SystemReactorTF: zero 1 v flow
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Figure 2.4: SystemReactorTF: zero 2 v flow
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Interface information:

Component Rate is in library Chemical/Rate

Variable declarations:

cO
CA
cB
el
e_2
e-3
fs

g-S
rho
t.0
ts
v.r
x1
X2
X3
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Units declarations:

This component has no UNITs declarations

The label file: ReactorTF_Ibl.txt

%% Label file for system ReactorTF (ReactorTF_Ibl.txt)
%SUMMARY ReactorTF: Simple reactor model -- TF loop inverted
%DESCRIPTION Pseudo bond graph reactor model (based on ancient ver

%
%
%
%
%
%
%
%
%
%
%
%

%%%6%%%%%%%6%%6%%%%%6%%6%%%6%%6%%6%% %% 6% % %% 6% %% % %% %% % %% %% % %% %% % %% %% % % %%
%% Version control history
%9%9%6%%6%%%%%6%%6%%%%%6%%6%% %% 6% %% % %% 6% % %% %6% %% % %% %% % %% %% % %% %% % %% %% % % %%
%% $1d: ReactorTF_Ibl.txt,v 1.2 2003/06/06 06:38:51 gawthrop EXf
%% $Log: ReactorTF_lbl._txt,v $

%% Revision 1.2 2003706706 06:38:51 gawthrop

%% Made compatible with current MTT.

%%

%% Revision 1.1 2000/12/28 17:12:57 peterg

%% To RCS

%%
%%96%%%%%%%6%%6%%%%%6%%6%% %% %6%%6%% %% 6% % %% 6% %% % %% %% % %% %% % %% %% % %6%%%% % %%

WALIAS Rate Chemical/Rate

%

Extra variables

%VAR t_s
%WAR F_s
%VAR t O
%WAR c O
%VAR rho

%VAR v
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR

® @ D
WNEFPS

O|OOCTQJ
w >
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VAR X1
VAR X2
%VAR X3
%VAR g_S

%VAR
%VAR
%VAR
%VAR

0O S5 X T

% Port aliases

% Argument aliases

%% each Bline should be of one of the following forms:

% a comment (ie starting with %)

% component-name cr_name argl,arg2, ..argn
% blank

% ---- Component labels ----

% Component type C
m a lin effort,1
m b lin effort,1
h_r lin effort,c p

% Component type FMR
rfa lin effort,1
rfb lin effort,1
rt lin effort,c p

% Component type Rate

AB Rate k 1,9 1,h 1,1
BC Rate k 2,q 2,h 2,1
AD Rate k 3,9_3,h_3,2

% Component type SS
c_ 0 SS c 0O, internal
c_b SS external,O

f SS internal, internal
t SS t_s,external
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t 0 SS t O0,internal

2.1.2 Subsystems

o Rate (3) No subsystems.

2.1.3 Rate

[1] [2]
SS:[conc] I R: rI SS:[thermal]

Figure 2.5: System Rate: acausal bond graph

The acausal bond graph of system Rate is displayed in Figure B.4] (on page £3)
and its label file is listed in Section (on page &4). The subsystems are listed
in Section (on page [69).

This component represents rate of reaction equations corresponding to the
chemical reaction:

nA — B 2.1)

The relevant equations are

dc _ %
— 8 —kyCle T

dt ~— 2@ (2.2)
Q= hakac;‘le*qf*a

where % is the rate of change of concentration of species A and Q is the

corresponding heat generated.

Summary information

System Rate:
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Interface information:

Parameter $1 represents actual parameter k,q,h,n

Port in represents actual port conc

Port out represents actual port thermal

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Rate_Ibl.txt

%% Label file for system Rate (Rate_Ibl._txt)
%SUMMARY Rate
%DESCRIPTION

%
%
%
%
%
%
%
%
%

%

%%%6%%%%%%%6%%6%%%%%6%%6%%%% 6% %% % %6%%6%% %% %% % %% 6% % %% %% % %% 6% % %% %% %% % %% %
%% Version control history
%%9%6%%6%%%%%6%%6%%%%%6%%6%% %% %6%%6%%%6%%6%% %% %6%% %% %6%% %% %% % %% 6% %% % %% %% % %% %
%% $1d: Rate Ibl.txt,v 1.1 2000/05/19 19:54:15 peterg Exp $

%% $Log: Rate_ Ibl.txt,v $

%% Revision 1.1 2000/05/19 19:54:15 peterg

%% Initial revision

%%
%9%%6%%6%%%%%6%%6%%%%%6%%6%% %% 6% %6%%%6%%6%% %% %6%% %% 6% % %% %% % %% 6% % %% %% %% % %% %

Port aliases

%ALIAS in conc
%ALIAS out thermal

%

Argument aliases

%ALIAS $1 k,q,h,n

%% Each line should be of one of the following forms:

%

a comment (ie starting with %)

Tue Aug 19 14:42:48 BST 2003 Page 43.



Report Chemical

Representation rep

% component-name cr_name argl,arg2,..argn
% blank
% —--—- Component labels ----

r Rate k,qg,h,n

% Component type SS

[conc] SS external,external
[thermal] SS external,external

Subsystems

No subsystems.

2.2 Reactor TF_cbg.ps

MTT command:

mtt ReactorTF cbg ps

This representation is given as Figure 28l (on page Z5).

2.3 Reactor TF_struc.tex

MTT command:

mtt ReactorTF struc tex

List of inputs for system ReactorTF

Component

System

Repetition

1t

ReactorTF__t

1

List of nonstates for system ReactorTF

Component

System

Repetition

1| hr

ReactorTF__h_r

1

List of outputs for system ReactorTF

Component

System

Repetition

1|cb

ReactorTF__c_b

1
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Y CONCENTRATION MODEL
; Cm a Cmb SS.c b :
| SSic.0 A 11 0 ] 1} AF | 0
REACTION MODEL !
Y v v i :
FMRirfa RaeAD RateAB RateBC  FMRirfb
L DRAULIC MODEL
ssfl—p 1\«
FMR:rt
_ THERMAL MODEL
SSt 0 41— o0l | SSt
C:h_r\/

Figure 2.6: System ReactorTF, representation cbg (-noargs)
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List of states for system ReactorTF
Component | System Repetition
1| ma ReactorTF__m_a | 1
2| mb ReactorTF_m_b | 1

2.4 Reactor TF_ode.tex

MTT command:

mtt ReactorTF ode tex

% — (X%Sghgkg + X‘%(—Cosghgkg — Cp83k3to + Cp83k3ts—|— €1h1k1) + X1X2€2h2ko + X1 (—Co€1h1 kg — Cr
(Cp(to—ts))
(X%X283h3k3 + Xy X2€1h1k1 + X10p81k1 (to—ts) + X%Ezhgkz + Xz(—Cpszkzto + Cpszkzts + Ul))
(Cp(to—ts))

X2 =
(2.3)

y1=2Xo (2.4)

2.5 Reactor TF_sspar.tex

MTT command:

mtt ReactorTF sspar tex

%% Reduce steady-state parameter file (ReactorTF_sspar.r)
%% as siso_sspar ecxept that inputs/states have different meaning
%% Steady state for constant c_a, c_b and t=t_s and f=f_s

%% Unit volume ReactorTF:
v_r = 1;

%% Do the inputs first -- this avoids problems with reduce not
%% recognising that complicated expressions are zero

%% The exponentials.
el := e (-q_ 1/t s);
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e (-q_2/t_s);

e 2
e 3 := e (-q_3/t_s);

%Steady-state Input g needed to achieve steady-state t_s
q_s = -(
+ (t 0-t_s)*c p*f_s
+ e _1*h_1*k 1*x1
+ e _2*h_2*k 2*x2
+ e _3*h_3*k 3*x172
)

%% The Input at steady-state
MTTul := qQ_s;

%States (masses)
X1l = c_a*v_r;
X2 = c_b*v_r;

%Thermal state
X3 I= Cc_p*t_s*v_r;

%Load up the vectors
MTTx1 = x1;
MTTXx2 = X2;

MTTyl = c_b;
WMTTy2 = t_Ss;

%% Finally, solve for the steady-state concentrations
%% Solve for ca - a quadratic.

a := k 3*e 3; %ca 2
b =k 1*¢ 1 + f s; %ca™1
C = -c_0*f_s;

ca := (-b + sgrt(b™2 - 4*a*c))/(2*a);
%% solve for c b

c b :=c a*k 1*e 1/(f_s+k 2*e _2);
END;
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2.6 Reactor TF_ss.tex

MTT command:

mtt ReactorTF ss tex

(\/(4(:083 fsk3+8%k%+281 foki+ fsz) —&1k1— fs>

X — (2e3ks) (2.5)
<81k1<\/ (4co£3fsk3+e§k%+281fsk1+fsz)fslklffs))
(2e3k3(e2ko+1s))
U= ( (74‘81|2008283fsh3k2k374ab3(£1)20083fszhgkgf|81‘28%82h3k%k27|81|2€% fshgk%fZabs(sl)zelsz fsh3k1k272‘€1|281 fszhgk
(2.6)
y— ( (exka (y/(4ooestoka +e3k8 + 281 foko + £2) —eaka s ) ) 2.7
(2e3k3(e2ko+1s))
(—4lea|coes fska—|e1|2e2ke —2|e1 |%eq foka —|€1]|? F2-+ACoeTes feka+E1ke +2€3 foky +£2 £2)
X = (4edesks)
0
(2.8)

2.7 Reactor TF_sm.tex

MTT command:

mtt ReactorTF sm tex

(4|sl\2c053fsh3k3+\sl|Ze§h3k§+2\sl|Zelfsh3k1+\el|2fghg—z\/(4cossfsk3+e§k§+2slfsk1+fsz)cosgeghgkg—z (4co:

A= )
(kl(4\sl|2cosgfsh3k3+|el\zs§h3k§+2|el\ &1 fshaky +abs(ey)

(2.9)
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(¢@Q@k@+ﬁ@+%ﬂ$ﬁ4@42%%@7thg>

2cpeska(to—ts) )

B= (2epesks 2.10

(qh(V@%%E&+ﬁ@+kﬂ$ﬁ497qh7g» (2.10)
(20,)83 k3 (e2koto—Eokots+ fsto— fsts) )

c=(0 1) (2.11)

D= (0) (2.12)

2.8 Reactor TF_simpar.tex

MTT command:

mtt ReactorTF simpar tex

# -*-octave-*- Put Emacs iInto octave-mode

# Simulation parameters for system ReactorTF (ReactorTF_simpar.txt)
# Generated by MTT on Fri Mar 3 12:11:48 GMT 2000.

AU R R R R R T R R R R

## Version control history

HH TR R R R R R T R R R R R

## $1d: ReactorTF_simpar.txt,v 1.1 2000/12/28 17:12:57 peterg Exp $
## $Log: ReactorTF_simpar.txt,v $

## Revision 1.1 2000/12/28 17:12:57 peterg

## To RCS

#

R

LAST = 0.05; # Last time in simulation

DT = 0.0002; # Print interval

STEPFACTOR = 1; # Integration steps per print interval
WMIN = -1; # Minimum frequency = 10"WMIN

WMAX = 2; # Maximum frequency = 10"WMAX

WSTEPS = 100; # Number of frequency steps

INPUT =1; # Index of the input
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2.9 Reactor TF_numpar.tex

MTT command:

mtt ReactorTF numpar tex

#
#
#

HFHEHHFHFFHHFH

-*-octave-*- Put Emacs into octave-mode
Numerical parameter file (ReactorTF_numpar.txt)
Generated by MTT at Fri Mar 3 09:22:56 GMT 2000

%%96%%%%%%%6%%6%%%%%6%%6%% %% %6%%6%% %% 6% % %% %% %% % %% %% % %% %% % %% %6%% %6%%%% % %%
%% Version control history
%%96%%%%%%%6%%6%%%%%6%%6%% %% 6% %% % %% 6% % %% 6% %% % %% %% % %% %% % %6%%6%% %% %% % % %%
%% $1d: ReactorTF_numpar.txt,v 1.1 2000/12/28 17:12:57 peterg Ex
%% $Log: ReactorTF_numpar.txt,v $

%% Revision 1.1 2000/12/28 17:12:57 peterg

%% To RCS

%%
%%9%6%%6%%%%%6%%6%%%%%6%%6%% %% 6% %% % %% 6% % %% %% %% % %% %% % %% %% % %% %% % %% %% % % %%

a = 0; # Dummy
b = 0; # Dummy
c = 0; # Dummy
c_0 = 0; # Dummy
c_a = 0; # Dummy
c b = 0; # Dummy
c_ p = 0; # Dummy
e 1 = 0; # Dummy
e 2 = 0; # Dummy
e_3 = 0; # Dummy
f s = 0; # Dummy
h = 0; # Dummy
h 1 = 0; # Dummy
h 2 = 0; # Dummy
h 3 = 0; # Dummy
k = 0; # Dummy
k 1 = 0; # Dummy
k 2 = 0; # Dummy
k 3 = 0; # Dummy
n = 0; # Dummy
q = 0; # Dummy
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Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy

=

~ ~=000.0
In o n

ST Moo W!MWWNPE
I
cNeoNoNoNoNoNoNe)
HFHRFEHEHFEHEHEH

0;
0;
0

X X X <
WN R
* %

## The bulk liquid
rho = 900; # Density
c p =5.0; # Specific heat

## Substance A

k 1 = 2.5e10; # Reaction rate constant
g_1l = le4; # Exotherm constant
h 1 = 1le4; # Heat of reaction

## Substance B

k 2 = 2.65el12; # Reaction rate constant
g_2 = 1.2e4; # Exotherm constant
h 2 = 1.2e4; # Heat of reaction

## Substance C

k 3 = 6e7; # Reaction rate constant
q_3 = 8e3; # Exotherm constant
h 3 = 3e4; # Heat of reaction

## Inflow parameters
c 0 = 10; # Inflow conc
t 0 = 500; # Inflow temp

## Steady-state values
t s = 530; # Steady-state temp
f s = 100; # Steady-state flow
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2.10 Reactor TF_input.tex

MTT command:

mtt ReactorTF iInput tex

# -*-octave-*- Put Emacs into octave-mode

# Input specification (ReactorTF_input.txt)

# Generated by MTT at Fri Mar 3 11:52:23 GMT 2000

HHHH R R R R R R T R R R R R
## Version control history

HHHH R R
## $1d: ReactorTF_input.txt,v 1.2 2003/06/06 06:38:44 gawthrop EXf
## $Log: ReactorTF_input.txt,v $

## Revision 1.2 2003/06/06 06:38:44 gawthrop

## Made compatible with current MTT.

H#it

## Revision 1.1 2000/12/28 17:12:57 peterg

## To RCS

Hit

HHHH R R R R R T R R T R R R

## Reduce steady-state parameter file (ReactorTF_sspar.r)
## as siso_sspar ecxept that inputs/states have different meaning
## Steady state for constant c_a, c_ b and t=t_s and f=f_s

## Unit volume ReactorTF:
v.r =1;

## The exponentials.
= exp(-q_1/t_s);
= exp(-q_2/t_s);
exp(-q_3/t_s);

WN

® @D D
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## Solve for the steady-state concentrations
## Solve for ca - a quadratic.

a = k 3*e _3; #ca 2
b =k1l1* 1 + f s; #ca'l
c = -c_0*f_s;

ca= (b +sgrt(b”2 - 4*a*c))/(2*a);

## solve for c b
c b =ca*k 1*e 1/(f_s+k 2*e 2);

#States (masses)
X1l = c_a*v_r;
X2 = c_b*v_r;

#Thermal state
#X3 = c_p*t_s*v_r;

#Steady-state Input g needed to achieve steady-state t_s
qgs = - (£ 0-t. s)*c p*f s + e 1*h_1*k 1*x1 + e 2*h_2*k 2*x2 + e_3*h_3*|

# Set the inputs
## Removed by MTT on Thu Jun 5 14:13:24 BST 2003: mttu(l) = gq_s + 0.1%*c
reactortf _t = qg_s + 0.1*q_s*(t>0.01); # q (ReactorTF)

2.11 ReactorTF_state.tex

MTT command:

mtt ReactorTF state tex

# -*-octave-*- Put Emacs into octave-mode

# State specification (ReactorTF_state.txt)

# Generated by MTT at Fri Mar 3 11:52:23 GMT 2000

HHHHHH R R R AR R R R R R AR R

## Version control history

HHHHHH BT H R R R R R R R R

## $1d: ReactorTF _state.txt,v 1.2 2003/06/06 06:39:05 gawthrop Exp $
## $Log: ReactorTF_state.txt,v $
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## Revision 1.2 2003/06/06 06:39:05 gawthrop

## Made compatible with current MTT.

H#it

## Revision 1.1 2000/12/28 17:12:57 peterg

## To RCS

Hit

HHHH R R R R R T R R R R

## Reduce steady-state parameter file (ReactorTF_sspar.r)
## as siso_sspar ecxept that states/states have different meaning
## Steady state for constant c_a, c_b and t=t_s and f=f_s

## Unit volume ReactorTF:
v_r = 1;

## The exponentials.
= exp(-q_1/t_s);
= exp(-q_2/t_s);
exp(-q_3/t_s);

WN -
|

## Solve for the steady-state concentrations
## Solve for ca - a quadratic.

a = k 3*e 3; #ca 2

b =ki1l*e 1 + f s; #ca1l

c = -c_0*f_s;

ca= (b + sgrt(b™2 - 4*a*c))/(2*a);
## solve for c b

c b =ca*k 1*e 1/(f_s+k 2*e _2);

#States (masses)
X1l = c_a*v_r;
X2 = c_b*v_r;

#Thermal state
#X3 = c_p*t_s*v_r;

## Load up the states
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## Removed by MTT on Thu Jun 5 14:14:18 BST 2003: mttx(1l) = x1;
## Removed by MTT on Thu Jun 5 14:14:18 BST 2003: mttx(2) = x2;
## Removed by MTT on Thu Jun 5 14:14:18 BST 2003: mttx(3) = x3;

reactortf_m a = x1;
reactortf_m b = x2;

2.12 Reactor TF_odeso.ps

MTT command:
mtt ReactorTF odeso ps

This representation is given as Figure 27 (on page BS).

MTT simulation on Tue Aug 19 14:42:00 BST 2003
ll T T T T

1.08
1.06
104
102 b
P MRS R
098 [

0.96 i i i i i i i i i
0O 0005 001 0015 0.02 0025 003 0035 004 0045 0.05

Figure 2.7: System ReactorTF, representation odeso (-noargs)
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Chapter 3
Reactor TQ

3.1 ReactorTQ_abg.tex

MTT command:
mtt ReactorTQ abg tex

Figure B2 (on page B9) is the schematic diagram of a chemical reactor.

The acausal bond graph of system ReactorTQ is displayed in Figure B1] (on
page B8) and its label file is listed in Section B.1.7] (on page B7). The subsystems
are listed in Section (on page &3).

This example of a (nonlinear) chemical reactor is due to Trickett and Bogleﬂ is
used in this section. The reactor has two reaction mechanisms: A — B — C and
2A — D. The reactor mass inflow and outflow f, are identical. g represents the
heat inflow to the reactor.

The control loop t/q has been inverted. The resulting SISO system has two
interpretations:

1. the dynamics of the c,/f loop when the t/q loop is under perfect control and

2. the inverse dynamics of the t/q loop.

Figure B3 (on page [&0) shows the poles of the linearised system as the
steady-state flow varies: these are the zeros of the ¢,/ f control-loop when the t/q
loop is open.

3.1.1 Summary information

System ReactorTQ::Simple reactor model - with TQ loop inverted Pseudo
bond graph reactor model (based on ancient version)

1K. J. Tricket, Quantification of Inverse Responses for Controllability Assessment of Nonlinear
Processes, PhD Thesis, University College London, 1994
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S CONCENTRATION MODEL '

5 cm a c:m_b ;:\c_b '
! SSic 0 41 0 1 AF 0 1

REACTION MODEL !

FMRirfa RateAD Rate:AB Rate:BC FMR:rfbf

I 2 e DRAULIC MODEL

ssff— 1 < | '

S FMR oo

; THERMAL MODEL

| SSt0 11 0 k sStt
Chr /

Figure 3.1: System ReactorTQ: acausal bond graph
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O
1o
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:<§ +0O

Figure 3.2: System ReactorTQ, Schematic
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-300

-400

-500

N -600

-700

-800

-900
50 100 150 200 250 300 350 400 450 500

f_s

Figure 3.3: SystemReactorTQ: zeros v flow

Interface information:

Component Rate is in library Chemical/Rate

Variable declarations:

cO
CA
c.B
el
e_2
e-3
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fs

g-S

rho

t0

ts

x1

X2

X3

Units declarations:

This component has no UNITs declarations

The label file: ReactorTQ_Ibl.txt

%% Label file for system ReactorTQ (ReactorTQ HIbl.txt)
%SUMMARY ReactorTQ: Simple reactor model - with TQ loop inverted
%DESCRIPTION Pseudo bond graph reactor model (based on ancient version)

%
%
%
%
%
%
%
%
%

96%%%6%%%6%%%6%%%6%%%%6%% %6%% %6%%%6%%% %% % Y6%6%%6%6% % %% %% %6%% %% % %6%6% % %6%%%6%6%% %% %
%% Version control history
96%%%6%%%6%%%6%%%6%%%%6%% %6%% %6%%%6%% % %% % %6%%%6%6% % %% % %6 %6% % %% % Y6%6% % %% % %6%%% %% %
%% $1d: ReactorTQ Ibl.txt,v 1.2 2003/06/06 06:39:27 gawthrop Exp $
%% $Log: ReactorTQ_ Ibl.txt,v $

%% Revision 1.2 2003/06/06 06:39:27 gawthrop

%% Made compatible with current MTT.

%%

%% Revision 1.1 2000/12/28 17:19:08 peterg
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% %% To RCS
% %%
%  %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% %% %% %% %% %% %% % %% %% %% %% %% %% %% %% %

%WALIAS Rate Chemical/Rate

% Extra variables
%VAR t_s

%VAR f_s

%VAR t_O

%VAR c_O

%VAR rho

%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR
%VAR ¢

<

(leleD
WNEP=S

Ol(')OCTQJ
o >

X X
N

X
w
0p]

%VAR
%VAR
%VAR
%VAR

O S X 5

% Port aliases
% Argument aliases

%% each line should be of one of the following forms:

% a comment (ie starting with %)
% component-name cr_name argl,arg2, ..argn
% blank
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% --—- Component labels ----

% Component type C
m a lin effort,1
m b lin effort,1
h r Llin effort,c p

% Component type FMR
rfa lin effort,1
rfb lin effort,1
rt lin effort,c p

% Component type Rate

AB Rate k 1,9 _1,h_1,1

BC Rate k 2,9 2,h 2,1
AD Rate k 3,9 3,h 3,2

% Component type SS

c 0 SS c O,internal
c_b SS external,O

f SS iInternal,external
t SS t_s,internal

t 0 SS t O,internal

3.1.2 Subsystems

¢ Rate (3) No subsystems.

3.1.3 Rate

SS:[conc]

[1

2]

]| |[
|F2:r|

SS:[thermal]

Figure 3.4: System Rate: acausal bond graph
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The acausal bond graph of system Rate is displayed in Figure B.4] (on page £3)
and its label file is listed in Section (on page&4). The subsystems are listed
in Section (on page [&5).

This component represents rate of reaction equations corresponding to the
chemical reaction:

nA— B (3.2)

The relevant equations are

dCa n _Ga
—= =koCle T
a e (3.2)

Q=hakecle ¥

where % is the rate of change of concentration of species A and Q is the

corresponding heat generated.

Summary information

System Rate:

Interface information:
Parameter $1 represents actual parameter k,q,h,n
Port in represents actual port conc

Port out represents actual port thermal

Variable declarations:

This component has no PAR declarations

Units declarations:
This component has no UNITs declarations
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The label file: Rate_Ibl.txt

%% Label file for system Rate (Rate_ Ibl._txt)
%SUMMARY Rate
%DESCRIPTION

%
%
%
%
%
%
%
%
%

%

96%%%6%%%6%%%6%%%6%%%%6%% %6%% %% % %% %% %% % %6%%%6%6% % %% % %6 %6% % %% % %6%6%% %% % %6%%% %% %
%% Version control history
96%%%6%%%6%%%6%%%6%%%%6%% %% % %6%%%6%% % %% % %6%%%6%6% % %% %% %6% % %% % %6%6% % %6%%%6%%% %% %
%% $1d: Rate Ibl.txt,v 1.1 2000/05/19 19:54:15 peterg Exp $

%% $Log: Rate_ Ibl.txt,v $

%% Revision 1.1 2000/05/19 19:54:15 peterg

%% Initial revision

%%
96%%%6%%%6%%%6%%%6%%%%6%% %6%% %6%%%6%%% %% % %6%6%%6%6%% %% %% %6%% %% % %6%6% % %6%%%6%6%% %% %

Port aliases

%ALIAS in conc
%ALIAS out thermal

%

Argument aliases

%ALIAS $1 k,q,h,n

%% Each Bline should be of one of the following forms:

%

a comment (ie starting with %)
component-name cr_name argl,arg2,..argn
blank

-——- Component labels ----
Rate k,q,h,n

Component type SS

[conc] SS external,external
[thermal] SS external,external

Subsystems

No subsystems.
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3.2 Reactor TQ_cbg.ps

MTT command:

mtt ReactorTQ cbg ps

This representation is given as Figure 3.5 (on page B8).

CONCENTRATION MODEL
Cm a Cmb ;f_b
SSic 0 A 11 0 ] 1| AF| 0 ] 1
REACTION MODEL
V v A v
FMRirfa RateAD RateAB RateBC  FMR:rfb
L DRAULIC MODEL
SSfl— 1\ |
~
FMRurt
~ THERMAL MODEL
SSt 0 A 11 0 k SsSit
C:h_r\/

Figure 3.5: System ReactorTQ, representation cbg (-noargs)

3.3 Reactor TQ_struc.tex

MTT command:

mtt ReactorTQ struc tex
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List of inputs for system ReactorTQ

Component

System

Repetition

f

ReactorTQ__f

1

List of nonstates for system ReactorTQ

Component

System

Repetition

h_r

ReactorTQ__h_r

1

List of outputs for system ReactorTQ

Component

System

Repetition

cb

ReactorTQ__c_b

1

List of states for system ReactorTQ

Component | System Repetition
m_a ReactorTQ__m_.a | 1
m_b ReactorTQ_mb | 1

3.4 ReactorTQ_ode.tex

MTT command:

mtt ReactorTQ ode tex

X1 = —X2e3ka — X1 (€1Kq + Uz) + Couy

Xo = X1€1K1 — X2(82k2 + U]_)

Y1 =Xz

3.5 Reactor TQ_sm.tex

MTT command:

mtt ReactorTQ sm tex
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A <— \/ (dcoesfoks + 312 + 281 foka + 12) 0 ) 35)
g1ky —(&2k2 +- fs)
(—\/(4C083f3k3+85k%+281f5k1+ f32)+2C083k3+81k1+ fs>
B—= (2€3k3) 3.6
(Elkl (— \/(40083 fsk3+s%k%+251 foki+ fsz) +&1k1+ fs> ) ( )
(283k3(82k2+ fs))
c=(0 1) 3.7)
D = (0) (3.8)

3.6 ReactorTQ_simpar.tex

MTT command:
mtt ReactorTQ simpar tex

# -*-octave-*- Put Emacs iInto octave-mode

# Simulation parameters for system ReactorTQ (ReactorTQ_simpar.txt
# Generated by MTT on Fri Mar 3 12:11:48 GMT 2000.

HHHH R R R R R R R R R R R
## Version control history

HHHH R R R R R T T R R R R
## $1d: ReactorTQ_simpar.txt,v 1.1 2000/12/28 17:19:08 peterg Exp
## $Log: ReactorTQ simpar.txt,v $

## Revision 1.1 2000/12/28 17:19:08 peterg

## To RCS

Hit

HHHH I R

LAST = 0.05; # Last time in simulation

DT = 0.0002; # Print interval

STEPFACTOR = 1; # Integration steps per print interval
WMIN = -1; # Minimum frequency = 10"WMIN

WMAX = 2; # Maximum frequency = 10"WMAX

WSTEPS = 100; # Number of frequency steps

INPUT =1; # Index of the iInput
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3.7 Reactor TQ_numpar.tex

MTT command:

mtt ReactorTQ numpar tex

# -*-octave-*- Put Emacs iInto octave-mode
# Numerical parameter file (ReactorTQ_numpar.txt)
# Generated by MTT at Fri Mar 3 09:22:56 GMT 2000

%%96%%%%%%%6%%6%%%%%6%%6%% %% 6% %% % %6%%6%% %% %% % %% 6% % %% %% %6 %% %% % %% %% %% % %% %

%% Version control history
%%96%%%%%%%6%%6%%%%%6%%6%%%% 6% %6%%%6%%6%% %% %6%% %% 6% % %% %% % %% 6% %% % %% %% % %% %

%% $1d: ReactorTQ numpar.txt,v 1.1 2000/12/28 17:19:08 peterg Exp $
%% $Log: ReactorTQ numpar.txt,v $

%% Revision 1.1 2000/12/28 17:19:08 peterg

%% To RCS

%%

%%%6%%6%%%%%6%%6%%%%%6%%6%% %% 6% %% % %6%%6%% %% %6%% %% 6% % %% %% % %% 6% %6 %% %% %% % %% %

OO E R R EH

0O 0T oD

(@]

9]

9]

D

D
I

ICJ(D(DCDC)C)CD(D
TR T g
o
c
3
=
<

ol
:.j:l
O
c
3
3

<

I
[oNoNe
H*
o
c
3
3

<

I 1n ol
:.:tu
O
c
3
3
<

ANXNXN XSS

:T:Tl-hl('D
N WNEFE I WNEITO WNPEPT T O

o ol

; # Dummy
#

Q0 5
I
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; Dummy
; Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy
Dummy

0
0
0
0
0;
0
0
0

'1_Q|_Q_QQ

>

ST Moo WMWWNPEk
I

HFHEHFHFHFHH”H

N

X X

N -
I
H H

X
w

## The bulk liquid
rho = 900; # Density
c p =5.0; # Specific heat

## Substance A

k 1 = 2.5e10; # Reaction rate constant
q 1 le4; # Exotherm constant

h 1 le4; # Heat of reaction

## Substance B

k 2 = 2.65el12; # Reaction rate constant
q_2 = 1.2e4; # Exotherm constant

h 2 1.2e4; # Heat of reaction

## Substance C

k 3 = 6e7; # Reaction rate constant
q_3 = 8e3; # Exotherm constant
h 3 = 3e4; # Heat of reaction

## Inflow parameters
c 0 = 10; # Inflow conc
t 0 = 530; # Inflow temp

## Steady-state values
t s = 530; # Steady-state temp
f s = 100; # Steady-state flow
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3.8 ReactorTQ.input.tex

MTT command:

mtt ReactorTQ input tex

# -*-octave-*- Put Emacs into octave-mode

# Input specification (ReactorTQ_input.txt)

# Generated by MTT at Fri Mar 3 11:52:23 GMT 2000

HH TR R R R R R T T R R R R R
## Version control history
R
## $1d: ReactorTQ input.txt,v 1.2 2003706706 06:39:20 gawthrop Exp $
## $Log: ReactorTQ input.txt,v $

## Revision 1.2 2003/06/06 06:39:20 gawthrop

## Made compatible with current MTT.

#t

## Revision 1.1 2000/12/28 17:19:08 peterg

## To RCS

#

HH TR R T R R R T T R R R R

## Reduce steady-state parameter file (ReactorTQ_sspar.r)
## as siso_sspar ecxept that inputs/states have different meaning
## Steady state for constant c_a, c_b and t=t_s and f=f_s

## Unit volume ReactorTQ:
v_r = 1;

## The exponentials.
= exp(-g_1/t_s);
= exp(-q_2/t_s);
exp(-q_3/t_s);

WN P
|

® D@ D
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## Solve for the steady-state concentrations
## Solve for ca - a quadratic.

a = k 3*e 3; #ca 2

b k 1*e 1 + ¥ s; #ca' 1

C -c_0*f_s;

ca=(-b+ sgrt(b™2 - 4*a*c))/(2*a);

## solve for c b
c b =ca*k 1*e 1/(f_s+k 2*e _2);

#States (masses)
X1l = c_a*v_r;
X2 = c_b*v_r;

#Thermal state
X3 = Cc_p*t_s*v_r;

# Set the inputs
## Removed by MTT on Thu Jun 5 14:27:42 BST 2003: mttu(l) = f s +
reactortqg_f = f_ s + 0.1*f_s*(t>0.01); # T (ReactorTQ)

3.9 Reactor TQ_state.tex

MTT command:

mtt ReactorTQ state tex

# -*-octave-*- Put Emacs into octave-mode

# State specification (ReactorTQ _state.txt)

# Generated by MTT at Fri Mar 3 11:52:23 GMT 2000

HHHH R R R R R T R T R R R R
## Version control history

HHHH R
## $1d: ReactorTQ_state.txt,v 1.2 2003/06/06 06:39:39 gawthrop EXf
## $Log: ReactorTQ _state.txt,v $

## Revision 1.2 2003/06/06 06:39:39 gawthrop

## Made compatible with current MTT.

H#it

## Revision 1.1 2000/12/28 17:19:08 peterg
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## To RCS
1t

B T T T T T T T T A T T T T

## Reduce steady-state parameter file (ReactorTQ_sspar.r)
## as siso_sspar ecxept that states/states have different meaning
## Steady state for constant c_a, c_ b and t=t_s and f=f_s

## Unit volume ReactorTQ:
v_r =1;

## The exponentials.
exp(-q_1/t_s);
exp(-q_2/t_s);
exp(-q_3/t_s);

## Solve for the steady-state concentrations

## Solve for ca - a quadratic.

a = k 3*e _3; #ca 2
b =k l* 1 + f s; #ca'l
c = -c_0*f_s;

ca=(-b+sgrt(b”2 - 4*a*c))/(2*a);
## solve for c b

c b =ca*k 1*e 1/(f_s+k 2*e 2);

#States (masses)
X1l = c_a*v_r;
X2 = c_b*v_r;

## The two Inputs at steady-state
##Hmttu(l) = T_s;

## Load up the states

## Removed by MTT on Thu Jun 5 14:25:48 BST

2003: mttx(1)

## Removed by MTT on Thu Jun 5 14:25:48 BST 2003: mttx(2)

reactortg_m a = x1;
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reactortqg_m b = x2;

3.10 ReactorTQ_odeso.ps

MTT command:
mtt ReactorTQ odeso ps

This representation is given as Figure 3.8l (on page [74).

MTT simulation on Tue Aug 19 14:42:48 BST 2003

1.08
1075
1.07
1.065
1.06
1.055
1.05
1.045 ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘
104 b N
1.035

0O 0005 001 0015 0.02 0025 003 0035 0.04 0045 005

Figure 3.6: System ReactorTQ, representation odeso (-noargs)
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ReactorTF — input, Reactor — sspar,
ReactorTF - Ibl, Reactor - state,
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ReactorTF — ode, Reactor — subsystems,

ReactorTF - odeso,
ReactorTF — simpar,
ReactorTF —sm,
ReactorTF —ss,
ReactorTF — sspar,
ReactorTF - state,
ReactorTF — struc, 44
ReactorTF — subsystems,
ReactorTQ —abg,
ReactorTQ — chg,
ReactorTQ — input, [Z1]
ReactorTQ - Ibl,
ReactorTQ — numpar,
ReactorTQ - ode,
ReactorTQ — simpar,
ReactorTQ —sm,
ReactorTQ - state,
ReactorTQ - struc,
ReactorTQ — subsystems,
Reactor — abg,
Reactor — chg,
Reactor — input,
Reactor — Ibl, T4
Reactor — numpar,
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