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Reactor Performance Equations for Variable Volume Reactions ¢

1) Initial Reactant Concentration for Second Order Reaction for Mixed Flow ['_‘4

en acuaor@
1 .k”MFR>- Xurr - (1+ (e Xwrr))” B
(1 — Xyrr)®

COMixedFlow = (

TMFR

0.702 - (1 + (0.21 - 0.702))> )

1
10.32254mol/m* = | ———— - 0.0607m?/(mol*s) | -
ex mol/m (0.06125 m?/(mo s)> ( (1 - 0.702)>2

2) Initial Reactant Concentration for Second Order Reaction for Plug Flow ['_‘J

Open Calculator (&'

1
7) : (2 ~eppR * (1 +eppr) - In(1 — Xaprr) + S%FR - XA-PFR + ((SPFJ

CoplugFlow =
Tpfr -k

1
1016.209mol/m* = (

0.05009s - 0.0608m?/ (mol*s)

) : (2 £0.22- (14 0.22) - In(1 — 0.715) + (0.22)2 - 0.715 4

3) Initial Reactant Concentration for Zero Order Reaction for Mixed Flow C‘;

kO-MFR “TMFR Open Calculator &'
Co-MFR -
XMFR
1021mol/m3*s - 0.0612
) 89.01026mol /m* = 021mo /Om7 0; 0.0612s

4) Initial Reactant Concentration for Zero Order Reaction for Plug Flow @

C ko - Tpfr Open Calculator (%
opfr — &
XA-PFR
1120mol/m>*s - 0.05009s
B 78.46266mol/m® = s
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5) Rate Constant for First Order Reaction for Mixed Flow @

1 X (1 . X Open Calculator (%
Bt - () (L))
TMFR

1 — Xmrr
] 1 0.702 - (1 + (0.21 - 0.702))
@ 44166385 = <0.0612s> ' ( 1-0.702 )

6) Rate Constant for First Order Reaction for Plug Flow @

Open Calculator (&'

1 1
kplug flow = T_ ) ((1 + SPFR) ’ ln(—) - (SPFR : XA-PFR))

pfr 1 — XapFr

1 1
27433115 = (——— ) - (1 +0.22) ‘In[ ———— ) — (0.22-0.71
@ 27.435115 (0.050095) <( +0.22) n<1—0.715> (© 075))

7) Rate Constant for Second Order Reaction for Mixed Flow @

kMixedFlow _ (

Open Calculator (&'

Xurr - (14 (¢ - Xper))?
(1 — Xumrr)®

1

TMFR

. Co-MFR) .

1 702 - (1 + (0.21 - 0.702))?
a 13774.73m*/ (mol*s) = <m . 81mol/m3> . (0 70 ((lt(()0702)? 702)) )

8) Rate Constant for Second Order Reaction for Plug Flow @

Open Calculator @

. 1 X
KkPlugtlow” ( ) : (2-8~(1+8)-1H(1—XA)+82-XA+ ((wl)”ﬁ))
- A

- C,
ex

0.708811m?/(mol*s) = <

1

————— ) (2:0.21- (1+0.21) - In(1 - 0.7) + (0.21)*- 0.7 + ( (0.21 + 1
0.05s-80m01/m3> ( (1+0.21) - In( ) +(0.21) +<( +

9) Rate Constant for Zero Order Reaction for Mixed Flow @
XMrR * Co-MFR Open Calculator &'
kompr = ——————
TMFR

0.702 - 81mol/m?

29.11 1/m**s =
@9 9.1176mol/m>*s 0.061%
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10) Rate Constant for Zero Order Reaction for Plug Flow @

Bk -

XA-PFR : Co pfr

Tofr

0.715 - 82mol/m?

1170.4 1/m*s =
a 70.493mol /m>*s 0.050095

11) Reactant Conversion for Zero Order Reaction for Mixed Flow L‘;

S Ko MFR * TMER
MFR = & —
o-MFR

1021mol/m**s - 0.0612s
81mol/m?

Q 0.771422 =

12) Reactant Conversion for Zero Order Reaction for Plug Flow @

k() + T
pfr
XAPFR = (4
Co pfr
1120mol /m>*s - 0.05009
B 0.684156 = ——— /m*s °

82mol/m’

13) Space Time for First Order Reaction using Rate Constant for Mixed Flow @

B — () - (R X))

k1nrR 1 — XwmFr

1 0.702 - (1 + (0.21 - 0.702))
& 0.068257 = (39.6s*‘> ' < 1-0.702 >

14) Space Time for First Order Reaction using Rate Constant for Plug Flow @

1 1
it =(—| " |(1+¢ ,1n(7)_ € -XA-PFR>
. pf (kplug fow ) (( PFR) 1 — Xaprr ( PFR )

1 1
.034788s = ((1+022) - In[———) —(0.22-0.71
B0 0.034788s (39_5571> <( +0.22) n<1_0.715> (0.22.0.7 5))
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15) Space Time for Second Order Reaction using Rate Constant for Mixed Flow @

Xnrr - (14 (¢ Xnrr))?
(1 — Xyrr)®

1
TMixedFlow = 1 MFR  Comrr | -

1 702 - (1 + (0.21 - 0. 2
a 13888.19s = (— . 81mol/m3> (702 (1 +(0.21-0.702))
0.0607m’/ (mol*s) (1—0.702)*

16) Space Time for Zero Order Reaction using Rate Constant for Mixed Flow @

_ Xwmrr * Comrr
TMFR ko-MFR
0.702 - 81mol/m?

0556025 — ——— ° O/
a 0.055692s 1021mol/m**s

17) Space Time for Zero Order Reaction using Rate Constant for Plug Flow @
N Xa-prR - Co pir
pfr —
ko

0.715 - 82mol/m?

@ 0.052348s = —— >~/
1120mol/m*s

a © calculatoratoz.com. A softusvista inc. venture!

5/8

Open Calculator @

Open Calculator (&'

Open Calculator (&'


https://calculatoratoz.com/
https://calculatoratoz.com/
https://softusvista.com/
https://www.unitsconverters.com/
https://www.calculatoratoz.com/en/space-time-for-second-order-reaction-using-rate-constant-for-mixed-flow-calculator/Calc-35779
https://www.calculatoratoz.com/en/space-time-for-zero-order-reaction-using-rate-constant-for-mixed-flow-calculator/Calc-35593
https://www.calculatoratoz.com/en/space-time-for-zero-order-reaction-using-rate-constant-for-plug-flow-calculator/Calc-35546
https://www.calculatoratoz.com/en/space-time-for-second-order-reaction-using-rate-constant-for-mixed-flow-calculator/Calc-35779
https://www.calculatoratoz.com/en/space-time-for-zero-order-reaction-using-rate-constant-for-mixed-flow-calculator/Calc-35593
https://www.calculatoratoz.com/en/space-time-for-zero-order-reaction-using-rate-constant-for-plug-flow-calculator/Calc-35546

Reactor Performance Equations for Variable Volume Reactions Formulas...

Variables Used

« C, pfr Initial Reactant Concentration in PFR (Mole per Cubic Meter)

. Co Initial Reactant Concentration (Mole per Cubic Meter)

o Co.MFR Initial Reactant Concentration in MFR (Mole per Cubic Meter)

o CopixedFlow Initial Reactant Conc for 2nd Order Mixed Flow (Mole per Cubic Meter)
o C0p|ug|:|°w Initial Reactant Conc for 2nd Order Plug Flow (Mole per Cubic Meter)

« kg Rate Constant for Zero Order Reaction (Mole per Cubic Meter Second)

* Ko.MmFR Rate Constant for Zero Order Reaction in MFR (Mole per Cubic Meter Second)
o kplug flow Rate Constant for First Order in Plug Flow (1 Per Second)

. k" MFR Rate Constant for Second Order Reaction in MFR (Cubic Meter per Mole Second)
. k" Rate Constant for Second Order Reaction (Cubic Meter per Mole Second)
. kMixedFIow" Rate Constant for 2ndOrder Reaction for Mixed Flow (Cubic Meter per Mole Second)

o kPlugFlow" Rate Constant for 2nd Order Reaction for Plug Flow (Cubic Meter per Mole Second)
« k1ppRr Rate Constant for First Order Reaction in MFR (1 Per Second)

o Xp Reactant Conversion

» Xa-PFR Reactant Conversion in PFR

» XmER Reactant Conversion in MFR

¢ & Fractional Volume Change in Reactor
¢ & Fractional Volume Change

¢ EppR Fractional Volume Change in PFR

e T Space Time (Second)
e T\MER Space Time in MFR (Second)

* TmixedFlow Space Time for Mixed Flow (Second)

* Tpfr Space Time in PFR (Second)
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Constants, Functions, Measurements used

e Function: In, In(Number)
Natural logarithm function (base e)

¢ Measurement: Time in Second (s)
Time Unit Conversion @

¢ Measurement: Molar Concentration in Mole per Cubic Meter (mol/m?)
Molar Concentration Unit Conversion (&'

e Measurement: Reaction Rate in Mole per Cubic Meter Second (mol/m3*s)
Reaction Rate Unit Conversion @

e Measurement: First Order Reaction Rate Constant in 1 Per Second (s™)
First Order Reaction Rate Constant Unit Conversion @

¢ Measurement: Second Order Reaction Rate Constant in Cubic Meter per Mole Second (m?®(mol*s))
Second Order Reaction Rate Constant Unit Conversion @
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Check other formula lists

* Basics of Chemical Reaction Engineering ¢ Important Formulas in Constant Volume Batch
Formulas @ Reactor for First, Second & Third Order Reaction @

¢ Basics of Parallel & Single Reactions Formulas @ ¢ Important Formulas in Design of Reactors & Recycle

¢ Basics of Reactor Design and Temperature Reactors for Single Reactions @
Dependency from Arrhenius Law Formulas @ * Important Formulas in Potpourri of Multiple

« Forms of Reaction Rate Formulas (&' Reactions (&'

¢ Important Formulas in Basics of Chemical Reaction * Reactor Performance Equations for Constant Volume
Engineering & Forms of Reaction Rate @ Reactions Formulas (8!

« Important Formulas in Constant and Variable Volume® Reactor Performance Equations for Variable Volume
Batch Reactor @ Reactions Formulas @
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