
Linearized Stability of a CSTR

1
LinearizedStabilityCSTR.doc

Unsteady Operation
Unsteady mole balance for liquid phase reactions in a CSTR

† 

t
dCA

dt
= CA0 - CA + rA t (1)

  

† 

- -rA( )t
6 7 4 8 4 

At steady state

† 

0 = CA0 - CAS - -rS( )t (2)

adding Equation (1) and (2)

† 

t
dCA

dt
= - CA - CAS( ) - -rA( ) - -rAS( )[ ]t (3)

The unsteady energy balance is

† 

dT
dt

=
FA0 G(T) - R(T)[ ]

ÂNiCPi

(4)

We are going to make the following approximation

† 

ÂNiCPi
= NACPA

+ NBCPB
= NA0CPS

= VCA0CPS
(5)

Eubstituting Equation (5) into Equation (4) and considering the G(T) (Term 1) and R(T)
(Term 2) separately

Term 1:

  

† 

FA0G(T)
VCA0CPS

=
FA0 -rAV FA0( ) -DHRx( )

VCA0CPS

= -rA
DHRx

CA0CPS

Ê 

Ë 
Á Á 

ˆ 

¯ 
˜ ˜ 

J
1 2 4 3 4 

(6)

† 

= -rAJ (7)

Term 2:

† 

FA0R(T)
VCA0CPS

=
v0CA0 CPS

1+ k( ) T- TC( )[ ]
VCA0CPS

=
1+ k( ) T- TC( )

t
(8)

Substituting Equations (7) and (8) into Equation (4) we obtain

† 

t
dT
dt

= -rAJt - 1+ k( ) T- TC( ) (9)

At steady state

† 

0 = -rAJt - 1+ k( ) TS - TC( ) (10)

Adding Equations (9) and (10)

† 

t
dT
dt

= Jt -rA( ) - -rS( )[ ] - 1+ k( ) T- TS( )
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Expanding –rA in a Taylor series about the steady state

† 

-rA = -rAS + CA - CAS( )
∂ -rA( )
∂CA S

+ T- TS( )
∂ -rA( )

∂T
ˆ 

¯ 
˜ 

S

† 

-rA( ) - -rS( )[ ] = kS CA - CAS( ) + T- TS( ) E
RTS

2 -rAS( )

t
dCA

dt
= - CA - CAS( ) - tk CA - CAS( ) -

E
RTS

-rAS( ) T- TS( )

† 

Q = t t

x = CA - CAS

y = T- TS

  

† 

dx
dQ

= - 1+ tkS( )
A

1 2 4 3 4 
X -

JEt -rAS( )
RTS

2

B
1 2 4 3 4 

y
J

† 

A =1+ tkS

B =
tJE -rAS( )

RTS
2

C = 1+ k( )

† 

dx
dQ

= -Ax - B y
J

† 

t
dT
dt

= tJ kS CA - CAS( ) +
E -rAS( )

RTS
2 T- TS( )

È 

Î 
Í 

˘ 

˚ 
˙ - 1+ k( ) T- TS( )

† 

dy
dQ

= JtkSx + By - Cy

† 

dy
dQ

= J A-1( )x + B- C( )y

† 

dx
dQ

= -Ax -
By
J

† 

dy
dQ

= -J A-1( )x + B- C( )y
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† 

x = K1e
l1Q + K 2el2Q

† 

y = K 3el1Q + K 4el2Q

† 

l1,l 2 =
Tr ± TR

2 - 4Det
2

† 

Tr = -A+ B- C = B- A+ C( )

† 

Det = AC - B

Tr < 0 Det > 0 Stable

† 

Tr
2 - 4Det( ) > 0

† 

Tr
2 - 4Det( ) < 0

Tr > 0 Det > 0 Unstable

† 

Tr
2 - 4Det[ ] > 0

† 

Tr
2 - 4Det[ ] < 0

Tr = 0 Det > 0 Pure Oscillation


