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Introduction b o

» Chemical Reaction Engineering (CRE) is pivotal in
understanding and designing reactors for chemical
Orocesses.

* This lecture delves into the intricacies of pressure
drop in Packed Bed Reactors (PBRs), analyzing its
effects on reaction rates, flow rates, and
conversion.
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Topics to be Addressed

* - Overview of Pressure Drop in Packed Bed
Reactors

- Mole Balances and Rate Laws
o - Stoichiometry and Pressure Effects

- Example Problems: Analytical and Numerical
Approaches

* - Engineering Analysis of Pressure Drop
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Objectives 2

By the end of this lecture, students will be able to:

* - Understand the role of pressure drop in PBRs for
gas and liguid reactions.

* - Apply mole balances and rate laws to reactor
design.

* - Solve complex reaction problems with analytical
and numerical methods.

* - Conduct engineering analyses of pressure drop
effects.
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. Tudad
Introduction b o

 Packed Bed Reactors are widely used in industry
due to their efficiency and versatility.

* This session covers theoretical concepts, practical
implications, and example problems to enhance
understanding of gas and liquid phase reactions in
PBRs.
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Pressure Drop in PBRs
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Concentration Flow System: ¢ _ Fa
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Pressure Drop in PBRs

abul ] iy

YOUR WAY TC SUCCES!

Note: Pressure Drop does NOT affect liguid phase reactions

Sample Question:

Analyze the following second order gas phase reaction
that occurs isothermally in a PBR:

A->B

Must use the differential form of the mole bgjance to,
separate variables: Fro i

Rate Laws F L2
. . . —r, =kCj;

Second order in A and irreversible:
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Pressure Drop in PBRs

<

Stoichiometry o _Fi_ . 1-X) P T,
o M+eX)P T
sothermal, T=T, ¢, -c, =97
(1+&X) P,
2
Combine: dX _kCi, (1-X) (P
dW  F (1+eX)\ R

Need to find (P/P,) as a function of W (or V if you have a PFR)
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Pressure Drop in PBRs

Erqun Equation: 9P _ -G (1‘4’5} 180L-¢)u | 4 755

dZ pchp ¢3 Dp ) TlRLEIJ\lT
LAMINAR |
Constant mass flow: m= m,
PL = Pl
)
p=p,—
)
B F P0 T
— %0
F. P T P T
10 D= UO (1+ 8X ) F T_
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Pressure Drop in PBRs

<

alaal @lf ezigybs

YOUR WAY T'C SUCCES

PT, F,
PT F

Variable Density  p=p,

dP _ -G [1—3¢) 150(1—¢),u+1.756 PTF
dZ pochp ¢ Dp 0 |:TO

Let g =2 (1—3¢j{150(1—¢),u +1.75c;}
Pochp ¢ Dp
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Pressure Drop in PBRs

<

abal o] esayha

YOUR WAY TC SUCCESS

Catalyst Weight W =zA p, = ZA (1—¢),oC

Where P, =bulk density
p. =solid catalyst density

@ = porosity (a.k.a., void fraction)
(1-¢) = solid fraction

dP = P T K
dw A:(l_¢)pc P T, Fy

Let o= 2P L
A:(l_¢)pc I:)0
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Pressure Drop in PBRs

& __aTlF P

dw  2p 1T, p_Fo

We will use this form for single reactions:

<

alaal @lf ezigybs

YOUR WAY T

d(P/Po):_a 1 T(1+5X)

dw 2(P/Po)-ro
d_p:—iz(l'l'@X)

aw  2pT,

d_p:_i(1+€X)

d w 2]9 |Isothermal case
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Pressure Drop in PBRs
ax _kC%(1-X)"

AW F,(L+ex)

dX dP

dp
- —:f X,P —_—
o = TOXP) and o= T(X.P) or =1 (p.X)

The two expressions are coupled ordinary differential equations.
We can only solve them simultaneously using an ODE solver such

as Polymath. For the special case of isothermal operation and
epsilon = 0, we can obtain an analytical solution.

Polymath will combine the Mole Balances, Rate Laws and
Stoichiometry.
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Packed Bed Reactors

<

For e=0
d—p:£(1+eX)
dw 2p

When W =0 p=1
dp® =-adw
p'=@1-aw)
p=01-aw)"
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! !! Pressure Drop In a PBR @

abal ] iy

YOUR WAY T'C SUCCES

P
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! !! !oncentratlon !rofile In a PBR @

alaal @lf ezigybs

YOUR WAY T

C P
A CA :CAO(I_X)F

0

No AP
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! !! !eactlon !ate INn a PBR @

abal | edggls
1_ it
_rA 2
2 2 P
-1, =kC; =k(1- X) (—]

I:)0

No AP

AP
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! !! !onversmn N a !BR @

bl gl sagla

1_ gl
X

— No AP
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! !! !|ow !ate N a !!R @

AP il s

No AP
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YOUR WAY TC SUCCESS

P, T
L=0,(1+X )2 —
)21
P
T=T, p:?o
_ Uy 1
u (+eX)p
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Example 1.
Gas Phase Reaction in PBR for ‘&

6=0 i o
Gas Phase reaction in PBR with & = 0 (Analytical
Solution)
A+B > 2C

Repeat the previous one with equimolar feed of A
and B and:

k, = 1.5dmé/mol/kg/min  C,, =Cyg,

a = 0.0099 kg?
Find X at 100 kg S
C o ‘/é i 0 5 ©. % X=7?
o >
CBO O (i j
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Gas Phase Reaction in PBR for

<

6=0 e
1) dX _ —r'A
dw F,,
2) Rate Law —-r',=kC,C,

3) Stoichiometry C,=C,(1-X)p
C,=C, (1—X)p
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“Bamplet

<

Gas Phase Reaction in PBR for 6=0 -
a __a 2 pdp = -adw
dw  2p

W:O . p:]. pzzl—aW

D= (1 - aVW)]/2

4) Combine
-1, =kC% (L~ X)" p* =kC? (1- X)* (1- aw)

dX KkCi,(@-X)(@1-awW)
dwW Fao
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Gas Phase Reaction in PBR for 6=0

<

dX__KCy (1—aW Jdw
(1-X) Fy

X  kCi, W aW ?
1-X  F, 2

W=0,X=0W=W, X=X

X = 0.6 (with pressuredrop)

X =0.75(without pressuredrop,i.e.a =0)
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Pressure Change — Molar Flow Rate

<

itz
F P, T
Bo—"
P R, PT,
dw pAc(l_(p) c
E T
bo—— ZB
dap _ Fro 1, o= L
dWw  pPRA, (1— f) r PoAc (1_(P)pc
dy __anT Use for heat effects,
aw  2pF,, T, multiple rxns
i _ (1_|_ gX) Isothermal: T =T, d_X = _i(1+ eX)
COLLEGEOF ENGINEERING - sl 54 aw  2p

Tikrit University - cu)$i aola




Gas Phase Reaction in PBR for 6=0

A+B=>2C

dm® 4
k=15 — , a=0.009%qg , Cgo =C,
mol - kg - min

Casel: W=100kg , X=? , P=?

Case2: D,=2D,, , P,==PF, , X=? , P=7

C a0 é( io
Ceo

COLLEGE OF ENGINE
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YOUR WAY TC SUCCESS

ax _
FAOW__FA
rA=—kCACB
F
C =4
y FTP
CA:CB

d=0and7=T, \ p=(1-aw)”
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Example 2.
Gas Phase Reaction in PBR for 620

The reaction
A+2B->C

IS carried out in a packed bed reactor in which there is
pressure drop. The feed is stoichiometric in A and B.

PO =10 atm O O O

Fao =2 mol/min 0 o OO >_>
C 0 =0.2 mol/dm"? O O

—Z

Plot the conversion and pressure ratioy = P/P, as a
function of catalyst weight up to 100 kg.

Additional Information
k, = 6 dm¥mol?/kg/min
a =0.02 kgt
COLLEGE OF ENGINEERING - dwssiml| 4414
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Gas Phase Reaction in PBR for 620

A+2B->C

1) dX _ = rA
dW F,,

2) Rate Law ~r, =kC,C?

3) Stoichiometry: Gas, Isothermal
F)0
P
(L-%)
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Example 2:
Gas Phase Reaction in PBR for 620 e

“W
(Q _2 X) b
C.=C 5
4) B A0 (1+6’X) P
5) P ——i(1+eX)
dw  2p
u (1+eX
6) f: y = ( )
0 P 1 5
7) €=Ypl1-1-2] zg[_z] :_g

Co=2F, =2k=6a=002

Initial values: W=0, X=0, p=1Combine with Polymath.
Final values: W=100 If 520, polymath must be

used to solve.
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Gas Phase Reaction in PBR for 60

POLYNATH Results
POLYMATH Report 01-30-2006, Rev51.233

d values of iahles
Variable initial value nminimal value naximal wvalue final value
W 0 0 100 100
X 0 0 0.8587763 0.8587763|
p 3 0.1148659 1 0.1148659
eps -0.6666667 -D.6666667 -0.6666667 -0.6666667
Cao 0.2 0.2 0.2 0.2
TheataB 2 2 2 2
Cb 0.4 0.0151789 0.4 0.0151789
Fao 2 2 2 2
X 6 6 & )
Ca 0.2 0.0075895 0.2 0.0075895
alpha 0.02 0.02 0.02 0.02
ra -0.192 -0.182 -1.049E-05 -1.049E-0S
ODE Report (RKF45)

Differential equations as entered by the user
[1] dOOMAW) = -rafFao
(2] d(p)/d(W) = —alpha = (1 + eps = X)/2/p

Explicit equations as entered by the user
(1] eps=(1-2-1¥3
[2] Cao=0.2
[3]) TheataB= 2
[4] Cb = Cao=«(TheataB — 2 «X)/(1 + eps*x) *p
(S] Fao=2
[6] K=6
[.7] Cb = Cao = (1 X)/ (1L +eps=x)=p
[8] alpha=0.02
191 ra=-kK'Ca*Ch"2
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Gas Phase Reaction in PBR for 620
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bl gl sagla

YOUR WAY T'C SUCCES

.

Graph Title

000

10.00

2000

30.00

40 .00

§0.00

COLLEGE OF ENGINEERING - dsssiml| a4l&

Tikrit University - cu$s aeola

6000 70.00 80.00 90 00 100.00



_ T =T,

Gas Phase Reaction in PBR with Pressure Drop
dX

abal ] iy

YOUR WAY TC SUCCESS

Mole Balance (1) i —ra /Fao
Rate Law (2) -rpy =kC,
Stoichiometry Gas T=Tj
CAO (1 — X)
3 =
X CA="1yex P
dp a1+ eX)
(4) =
dw 2p
(5)-(9) Parameters, €, a, ...
Combine: Polymath with combine for you
f
p 1.0
X
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Spot of Light!

Robert the Worrier wonders: What if we
Increase the catalyst size by a factor of 27?

fiey
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Engineering Analysis

<

bl gl sagla

YOUR WAY TC SUCCESS

f lmrr)jnar

0 0 G(1- r150 e " Turbulent
o= By = (1-¢) . (1= 9 % 1756
Ac(1-9)pcPy Ac(1-9)pcPy | pogcDpd Dp

MW x P,

= MW * Cpog =
Po *Lro RT,

2RT, [
ACngCP()ZDP¢3MW

1\2
a~PO
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Engineering Analysis

<

bl elf sl
A. Laminar Flow Dominant (Term 1 >> Term 2)
S
AcD3Pg
Case 1/ Case 2
2 2
G] ACZ DP2 PDZ
Example

How will the pressure drop (e.g., o) change if you decrease the particle diameter by a
factor of 4 and increase entering pressure by a factor of 3

1
Dp, =ZDP1 and Py, = 3P,
2
D Py | 16
T Wt Ol | st

—D
Pl .



Engineering Analysis

B. Turbulent Flow Dominates (Term 2 >> Term 1)
G2
AcDpPg

2 2
G AC? DP2

<

abal @] sapks

YOUR WAY TC SUCCESS

O ~

2
a, =0, Dp; | [ Pos =i‘-’~11
P, ) 9
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YOUR WAY TC SUCCESS
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* Pressure Drop
 Liquid Phase Reactions

* Pressure Drop does not affect concentrations in liquid phase
reactions.

» Gas Phase Reactions
* Epsilon does not equal to zero
d(P)/d(W)=...
Polymath will combine with d(X)/d(W) =... for you
* Epsilon = 0 and isothermal
P=f(W)
Combine then separate variables (X, W) and integrate
* Engineering Analysis of Pressure Drop
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