Linearized Stability of a CSTR

Unsteady Operation
Unsteady mole balance for liquid phase reactions in a CSTR
dC,
T =Cho—Cp +1,T
dt A0 TA TIA
—
~(-ra)

At steady state

adding Equation (1) and (2)

TSR —(Cy = Cog)-[(-10)- (s

The unsteady energy balance is

dT _ Fao[G(D-R(D)]
dt SNCp

We are going to make the following approximation

ENiCPi =N,Cp, +NgCp =N, (Cp, =VC,,Cp,

(1)

(2)

(3)

(4)

(5)

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

(Term 2) separately

Term 1: FaoG(T) - Fao (_rAV/ Fao )(‘AHRx) __ AHg,
VC40Cp; VC,oCopy C 4oCh,
]
=-T,J
Term 2: FaoR(T) - VoCao [CPS (1 + K)<T -Te )] _ (1 + K)(T -Te )

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

r%=—rAJr—(l+K)(T—TC)

At steady state
0=-ryJt—(1+x)(Ts - T¢.)
Adding Equations (9) and (10)

v = (-1, (-] - (L) T- )
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Expanding -r, in a Taylor series about the steady state

0(-r4)

A

—Ip =-Tps + (CA _CAS) T

+(T—TS)M)

[(—rA>—<—rs>]=ks<cA—cAs>+<T—Ts>RiTSZ<—rAs>

dC E
L R e N L U

O=t/t
x=C, = Cys

y=T-Tg

A=1+1kg

B_ TE(-14g)
RT;

C=(1+x)

X _Ax-BY
de J

dT E(-r
T =Y kg(Cp —Cag)+ (RT;;S)

dy
— =Jtkx+By-C
doe S T

(T-Tg)|-(1+x)(T-Tg)

;‘_Z)=J(A_1)X+(B_c)y

dx Ax By
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x=K1ex1® +Kze7‘2®
»O A0

Y TrtﬁTﬁ —4Det
A2 =

2
Tr=-A+B-C=B-(A+C)

Det=AC-B

Tr<0 Det >0 Stable

(Tr2 - 4Det) >0 N

(T2 -4Det)<0 |
Tr>0 Det >0 Unstable

[Tr2 - 4Det] >0 /

[Tr2 - 4Det] <0 mf\/
Tr=0 Det>0 Pure Oscillation I~ NN
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