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Introduction we

* Chemical Reaction Engineering (CRE) explores
reactor design, including heat effects and stability.

e This lecture focuses on Continuous Stirred Tank
Reactors (CSTRs) with heat effects, multiple steady
states, and the concepts of ignition and extinction
temperatures.
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Topics to be Addressed -

- Fundamentals of CSTR with Heat Effects
* - Unsteady-State and Steady-State Energy Balances

- Multiple Steady States (MSS): Analysis and
Stabllity

* - Ignition and Extinction Temperatures
* - Practical Examples and Case Studies
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Objectives -
By the end of this lecture, students will be able to:

* - Understand heat effects in CSTR operation.

- Analyze unsteady-state and steady-state energy
balances.

e - |dentify and evaluate multiple steady states in
CSTRs.

» - Apply ignition and extinction concepts to reactor
design.
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Introduction

» Understanding the relationship between heat
generation and removal Is crucial for predicting
reactor stability.

* This session delves into steady-state and unsteady-
state energy balances, multiple steady states, and
the associated temperature profiles.
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Unsteady State Energy Balance -%

Q_Ws "'Zn:FioHio _Zn:FiHi - : -
i=1 i=1

Neglect

Using E, =Y NE =Y N,(H,-PV,) ZNiHi—?&
dE,, dZNH —ZN —ZH

dt
% _c. d_T
dt dt
dN,
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YOUR WAY TC SUCCES!

We obtain after some manipulation:

dT _ Q _Ws _Z FiOCPi(T _Ti0)+ [_ AH RX(T)](_ rAV)

dt ) ZNiCPi

Collecting terms with Q=UA(T,-T) and W, =0 high
coolant flow rates, and F, =F,,0,
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YOUR WAY TC SUCCESS

dT I ]
dt > N,C,
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T _ o [6(r)-R(T)]

dt  >N,C,
G(T)=(r.V)AH, ]

R(T)=C, [@+1)T - (T, +«T,)]

T, +xT
1+iaj::c%a+KXT—1)

__UA T, +xT

K= T, = a
FAOCPO 1+«
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YOUR WAY TC SUCCESS

% =G(T)- R(T)

If G(T) > R(T) Temperature Increases

If R(T) > G(T) Temperature Decreases
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At Steady State

dT _dN, _,
dt

—1V =F, X

G(T)-R(T)=0
(_ AH RX)FAOX — FAO Z®iCPi (T _To)_ UA(T _Ta): 0

Solving for X.
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Solving for X:
Z@)iCPi (T_To)"' oA (T_Ta)
X = o =X
~AH, =
Solving for T:

. FaoX(=AHg, )+ UAT, +F,, X 0O,C, T,

UA+F,,20,C,
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YOUR WAY TC SUCCESS

X(-=AHg,)=C, [ T-T,+ UA (T-T,)
i FAOCPO ]
Letk = UA
FAOCPO
X(~AHg, )= Cp (T+ T =T, —T,)=C, (L+ K)(T— T°1+ KTaj
+ K

=C, (L+x)T-T,)

T T, + kT,
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G(T) R(T)
— X AHC%« = C,y L+ x T =T,)

<
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YOUR WAY

Cop L+ )T -T¢)
_AHORX

X —

 Ears )0

Cpo(1+x)
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YOUR WAY TC SUCCESS

R(T) Increasing T,

T
Variation of heat removal line with inlet temperature.
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YOUR WAY TC SUCCESS

K=0o0

k=0
R(T)

Increasing K

T

. 15 T
Variation of heat removal line with kK (k=UA/Cg,Fx)
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\ = FaoX e
—1, (X, T)
A—>B
1) Mole Balances: \ = FaoX
— rA
2) Rate Laws: —r, =kC,
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3) Stoichiometry: C,=C,, (]__ )()

<

4) Combine: vo_ FacX  _ CauX
kC,,(1-X) kC,,(1-X)
1-X
~ k - Ae ERT
1+1k 1+ Ae™™RT
Ae ERT
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G(T)

Increasing T

T

Variation of heat generation curve with space-time.
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YOUR WAY TC SUCCESS

R(T), G(T)

Te1Tst Tea T Ts3

.
Finding Multiple Steady States with T, varied
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YOUR WAY T'C SUCCES

abcde f

R(T), G(T)

Finding Multiple Steady States with T, varied
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YOUR WAY TC SUCCESS
Upper steady states
Tsel~ 7
6  Unstable :
steady
‘Q/Sstotes
2
T
| L L | =4 1
To1 Toz Tos Tosa  Tos Toe
To

Temperature ignition-extinction curve
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Stability of multiple state temperatures
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YOUR WAY TC SUCCESS

dT

=
G(T)=X-(~AHg,)

R=C, -(L+x)(T-T¢)

1

Need to solve for X after combining
rate law, and stoichiometry.
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For a first order irreversible reaction

abul ] iy

~ tau-k o
(1+tau - k)
k=k,exp =ft
R\T, T)

Parameters

Tau, (- AHg, ). k,, E, R, T,, T, kappa, C,

Then plot G and R as a function of T.
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YOUR WAY TC SUCCESS
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Summary -y
* In this lecture, we covered:

* - Heat effects and energy balance fundamentals for
CSTRs.

- Analysis of multiple steady states and their stability.
- Concepts of ignition and extinction temperatures.
* - Practical examples to reinforce theoretical concepts.

» Understanding these principles is critical for designing
stable and efficient reactor systems.

COLLEGE OF ENGINEERING - dsssiml| a4l

Tikrit University - cu)$5 asola ‘



	Slide 1
	Slide 2: Introduction
	Slide 3: Topics to be Addressed
	Slide 4: Objectives
	Slide 5: Introduction
	Slide 6: CSTR with Heat Effects
	Slide 7: Unsteady State Energy Balance 
	Slide 8: Unsteady State Energy Balance 
	Slide 9: Unsteady State Energy Balance 
	Slide 10: Unsteady State Energy Balance 
	Slide 11: Unsteady State Energy Balance 
	Slide 12: Steady State Energy Balance for CSTRs
	Slide 13: Steady State Energy Balance for CSTRs
	Slide 14: Steady State Energy Balance for CSTRs
	Slide 15: Steady State Energy Balance for CSTRs
	Slide 16: Steady State Energy Balance for CSTRs
	Slide 17: Steady State Energy Balance for CSTRs
	Slide 18
	Slide 19
	Slide 20: Multiple Steady States (MSS)
	Slide 21: Multiple Steady States (MSS)
	Slide 22: Multiple Steady States (MSS)
	Slide 23: Multiple Steady States (MSS)
	Slide 24: Multiple Steady States (MSS)
	Slide 25: MSS - Generating G(T) and R(T)
	Slide 26: MSS - Generating G(T) and R(T)
	Slide 27
	Slide 28: Summary

