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[57] ABSTRACT 

A methodology provides for the extraction of local chemical 
kinetic model constants for use in a reacting flow compu­
tational fluid dynamics (CFD) computer code with chemical 
kinetic computations to optimize the operating conditions or 
design of the system, including retrofit design improvements 
to existing systems. The coupled CFD and kinetic computer 
code are used in combination with data obtained from a 
matrix of experimental tests to extract the kinetic constants. 
Local fluid dynamic effects are implicitly included in the 
extracted local kinetic constants for each particular applica­
tion system to which the methodology is applied. The 
extracted local kinetic model constants work well over a 
fairly broad range of operating conditions for specific and 
complex reaction sets in specific and complex reactor sys­
tems. While disclosed in terms of use in a Fluid Catalytic 
Cracking (FCC) riser, the inventive methodology has appli­
cation in virtually any reaction set to extract constants for 
any particular application and reaction set formulation. The 
methodology includes the step of: (1) selecting the test data 
sets for various conditions; (2) establishing the general trend 
of the parametric effect on the measured product yields; (3) 
calculating product yields for the selected test conditions 
using coupled computational fluid dynamics and chemical 
kinetics; ( 4) adjusting the local kinetic constants to match 
calculated product yields with experimental data; and (5) 
validating the determined set of local kinetic constants by 
comparing the calculated results with experimental data 
from additional test runs at different operating conditions. 

8 Claims, 7 Drawing Sheets 
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METHODOLOGY FOR EXTRACTING 
LOCAL CONSTANTS FROM PETROLEUM 

CRACKING FLOWS 

CONTRACTUAL ORIGIN OF THE INVENTION 

The United States Government has rights in this invention 
pursuant to Contract No. W-31-109-ENG-38 between the 
U.S. Department of Energy and The University of Chicago 
representing Argonne National Laboratory. 

FIELD OF THE INVENTION 

5 

2 
the local fluid dynamic effects on the extracted local kinetic 
constants for each particular application system to which the 
methodology is applied. This has limited the capability of 
this approach in modeling and controlling FCC processes. 

The present invention addresses the aforementioned limi­
tations of the prior art by providing a methodology for 
extracting local kinetic constants for computing reaction and 
product yields under a broad range of operating conditions, 
such as for example in non-uniform flow fields in a FCC 

10 reactor system. The inventive approach implicitly includes 
the local fluid dynamic effects in the extracted local kinetic 
constants for each particular application system to which the 
methodology is applied. This invention relates generally to a method for deter­

mining local chemical kinetic model constants (in contrast to 
global model constants which are less accurate) and is 15 

particularly directed to a computational methodology using 
coupled computational fluid dynamics (CFD) and kinetic 
computer codes in combination with data obtained from a 
matrix of experimental tests to determine the kinetic con­
stants of a chemical reaction. 20 

OBJECTS AND SMARY OF INVENTION 

Accordingly, it is an object of the present invention to 
provide a methodology for determining local kinetic model 
constants using local fluid dynamic effects in the analysis of 
chemical flow reactor systems. 

It is another object of the present invention to provide an 

BACKGROUND OF THE INVENTION 

Computational fluid dynamics (CFD) is a common 
approach for improving the understanding of 
hydrodynamics, thermodynamics, and chemical kinetics of a 
flow system. CFD codes have been evolving over the past 20 
years with great advances in both the numerical techniques 
and computer hardware. CFD applications have been 
extended from simple laboratory-type problems to complex 
industrial-type flow systems. Computer simulation has 
gained widespread acceptance as an effective and cost­
saving tool to further improve the performance of flow 
systems. 

One CFD application is in the area of petroleum/catalyst 
flow in a fluidized catalytic cracking (FCC) reactor. Since 
the introduction of commercial-scale FCC systems in the 
early 1940s, the FCC process has been constantly improved 
and has become the primary conversion process in the 
modern refinery industry. In improving the process, cracking 
reaction time in an FCC unit has been substantially short­
ened and the hydrodynamic effects on cracking processes 
have become better understood. It has been suggested that a 
fundamental understanding of the hydrodynamics and heat 
transfer in the injection zone and riser is critical to the 
development of higher performance FCC units which would 
not only increase the competitiveness of the refinery 
industry, but also reduce pollutant emissions into the envi­
ronment. 

analysis approach which couples computational fluid 
dynamics with kinetic computations to provide local kinetic 
constants useful over a broad range of operating conditions 

25 
for specific and complex reaction sets in specific and com­
plex reactor systems. 

A further object of the present invention is to extract local 
chemical kinetic model constants in a reacting flow com­
putational fluid dynamics computer code for a reaction set 

30 and reactor system for optimizing system operating param­
eters and design. 

This invention contemplates a methodology to extract 
local chemical kinetic model constants for use in a reacting 
flow computational fluid dynamics (CFD) computer code 

35 coupled with chemical kinetic computations. obtaining local 
kinetic model constants as opposed to global model con­
stants is necessary for computing reaction and product yields 
in non-uniform flow fields under a broad range of operating 
conditions for a chemical reactor system. A key feature of 

40 the methodology is that it uses the coupled CFD and kinetic 
computer code in combination with data obtained from a 
matrix of experimental tests to extract the kinetic constants. 
This approach implicitly includes the local fluid dynamic 
effects in the extracted local kinetic constants for each 

45 particular application system to which the methodology is 
applied. The application of the methodology does not pro­
duce a universal set of kinetic model constants for a speci­
fied set of chemical reactions that will work well in com-
putations for systems that are greatly different in geometry 

50 or other significant characteristics. No known method for 
producing such a set of constants exists, except for very 
simple reaction sets limited also to relatively simple reactor 
systems. The inventive methodology provides a means to 
extract local kinetic model constants that work well over a 

Various computer-implemented approaches have been 
developed for the purpose of improving FCC performance. 
One such approach has been developed at Argonne National 
Laboratory for simulating a three-phase (gas, liquid and 
solid) flow in FCC riser reactors. This computer code, 
referred to as ICRKFLO, uses a sectional coupling, time 
integral approach to handling cracking flows, including heat 
transfer between solid, liquid and gas; vaporization of the oil 
droplets; oil cracking; and coke formation. The time integral 
approach couples hydrodynamic and kinetic processes in a 
way that prevents the calculation from becoming numeri- 60 

cally unstable. The ICRKFLO approach does not provide 
local kinetic model constants, as opposed to global model 
constants, which are necessary for computing reaction and 
product yields in non-uniform flow fields under a broad 
range of operating conditions for a reactor system. The 65 

inability of the ICRKFLO approach to provide these local 
kinetic model constants has precluded the consideration of 

55 fairly broad range of operating conditions for specific and 
complex reaction sets in specific and complex reactor sys­
tems. Once the kinetic model constants have been extracted 
for a reaction set and reactor system, the model constants 
can be used in the coupled CFD and chemical kinetic code 
to optimize the operating conditions or design of the system, 
including planned retrofit design improvements to existing 
systems. 

The inventive local kinetic model constant extraction 
methodology requires the use of a computational scheme for 
coupling CFD calculations with chemical kinetic calcula­
tions in a novel two stage approach that avoids numerical 
stiffness problems that frequently arise when CFD and 
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chemical kinetic computations are coupled. The computer 
code in Which this two-stage approach was implemented 
and used to test the methodology is ICRKFLO 2.0 devel­
oped at Argonne National Laboratory. 

4 
three dimensional in nature and its long tube usually has 
bends and/or area changes (expansion or reduction). The 
methodology of the present invention takes into consider­
ation the specifics of the fluid catalytic cracking reactor 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 configuration and operating parameters to provide local 

kinetic reaction model constants as described in the follow­
ing paragraphs. The appended claims set forth those novel features which 

characterize the invention. However, the invention itself, as 
well as further objects and advantages thereof, will best be 
understood by reference to the following detailed descrip- 10 

tion of a preferred embodiment taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 is a simplified block and schematic diagram of a 
generalized cracker unit of the fluid catalytic cracking 

15 
reactor type such as used in petroleum processing with 
which the methodology of the present invention may be 
used; 

FIG. 2 is a simplified flow chart illustrating the steps 
involved in determining kinetic rate constants with specified 20 
activation energies from a single experimental test in accor­
dance with one aspect of the present invention; 

FIG. 3 is a simplified flow chart illustrating the steps 
involved in carrying out an iteration routine for calculating 
4-lump kinetic activation energies in accordance with 25 

another aspect of the present invention; 

FIG. 4 is a simplified flow chart illustrating the steps 
involved in the iteration routine for calculating N-lump 
kinetic rate constants in accordance with the present inven-
tion; 

FIG. 5 is a simplified flow chart illustrating the steps 
involved in carrying out an iteration routine for calculating 
N-lump kinetic activation energies taking into consideration 
the effects of temperature in accordance with the present 
invention; 

FIG. 6 is a simplified flow chart illustrating the steps 
involved in carrying out an iteration routine for calculating 
N-lump order of catalyst reaction n; including the effects of 
temperature in accordance with the present invention; 

FIG. 7 is a simplified flow chart illustrating the steps 
involved in carrying out an iteration routine for calculating 
N-lump order of MAT m; including the effects of MAT, or 
the microactivity test for the catalyst in accordance with the 
present invention; and 

FIG. 8 is a graphic comparison of calculated product 
yields determined in accordance with the methodology of 
the present invention with measured experimental data for 
FCC riser product yields. 

30 

35 

40 

45 

The inventive methodology described in the following 
paragraphs is general. It can be applied to virtually any 
reaction set to extract constants for any particular reacting 
flow system application and is not limited to the particular 
embodiment of the invention described in the following 
paragraphs. For purposes of illustration and clarity a par­
ticular application and reaction set formulation are used to 
describe the methodology. The application is the Fluid 
Catalytic Cracking (FCC) riser, and the reaction model is 
kept simple because the methodology is primarily indepen­
dent of the complexity of the reaction model. Consider an 
FCC riser simulation in which the first stage CFD compu­
tation uses a 4-lump kinetic model with two cracking 
reactions including (1) one that converts feed oil to light oil, 
dry gas, and coke; and (2) another that converts light oil to 
dry gas and coke. These reactions are denoted as follows: 

(1) 

(2) 

where P 
0

, P1, Pg' and Ck represent feed oil, light oil, dry gas, 
and coke, respectively, and stoichiometric coefficients a1 , a2 , 

a3 bl and b2 are expressed in mass fractions. Reaction rates 
of these reactions can be expressed respectively in Arrhenius 
formulas as, 

(3) 

(4) 

(5) 

which, k0 1 , b0 1 and r0 are the rate constants. E1 , E2 and E3 

are the activati~n energies. n1 and n2 are the order of catalyst 
reactions. a 1 and a 2 are catalyst deactivation coefficients of 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

50 the cracking reactions (1) and (2), respectively. 8P is the 
catalyst volume fraction and 8P

0
, is the reference catalyst 

volume fraction. b1 is a stoichiometric coefficient, Tr is the 
reference temperature, and fck is the coke concentration. R 
is a gas constant for a particular gas as expressed by the 

Referring to FIG. 1, there is shown a simplified schematic 
and block diagram of a generalized fluid catalytic cracking 
reactor, or thermal cracker unit, 10 which includes three 
major components: a riser reactor 12, a stripper 14, and a 
regenerator 16. Oil is fed into a lower end of the riser reactor 
12, where it is mixed and heated by regenerated catalyst 
particles to induce vaporization and cracking. The cracking 
processes produce various fuel products and coke. The coke 
and some oil products are deposited on particle surfaces. A 
steam stripper 14 separates particles and oil products for 
further processing. The spent particles covered with coke are 
directed to the regenerator 16 to burn off the coke with air. 
The hot regenerated particles are then recycled back to the 65 

riser reactor 12. The riser reactor 12 may have a complex 
geometry. The oil injector arrangement of the riser 12 is 

55 universal gas constant divided by the gas mixture molecular 
weight, while T is the absolute temperature as measured in 
degrees Kelvin. Constants k0 1 , E1 , n1 , and a 1 must be 
determined from a portion of the experimental data matrix 
and validated using another portion of the experimental data 

60 matrix. 

In the second stage of the computation, reaction and flow 
transport are calculated for a large number chemical species 
or lumped chemical species. Each of these species or lumps 
is referred to as a subspecies. In the petroleum application 
used for illustration, subspecies P; cracks into lighter species 
Pj, j=2, i-1, and a by-product coke according to the follow­
ing reaction: 
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(6) 
i=3,N 

The reaction rates are similar m form to the one m the 
4-lump model. 

in which, MAT is the activity of the catalyst, MAT 
0

, is the 
reference activity of the catalyst, and m; is the order of the 
catalyst activity. 

The methodology, applied to this case for modeling the 
effects of temperature, catalyst to oil ratio, and activity of 
catalyst, includes the following steps: (1) selecting test data 
sets for various conditions; (2) establishing the general trend 

6 
lating the 4-lump reacting flow field. The program then 
again compares the calculated and measured exit tempera­
tures and adjusts the inlet catalyst temperature until there is 
a match between the two temperatures. At step 32, a corn-

s parison is made between the calculated and measured exit 
feed oil concentrations, and if there is a match between these 
two parameters as determined at step 34, the program 
proceeds to step 38 for comparing the calculated and mea-
sured exit light oil concentration. If at step 34 it is deter­
mined that the calculated and measured exit feed oil con­
centrations do not match, the rate constant k10 is adjusted at 
step 36, followed again by a calculation of the 4-lump 
reacting flow field at step 24. If the calculated and measured 
exit light oil concentrations match as determined at step 40, 

15 a comparison is then made between the calculated and 
measured dry gas concentrations at step 44. If at step 40 it 
is determined that there is not a match between the calcu­
lated and measured exit light oil concentrations, the rate 

of the parametric effect on the measured product yields; (3) 20 

setting up the ICRKFLO 2.0 code to calculate product yields 
for the selected test conditions; (4) using a multi-step 
iterative process, which includes CFD computation over the 
flow field, to adjust the local kinetic constants to match 
calculated product yields with experimental data; and (5) 25 

when a set of local kinetic constants are determined, vali­
dating them by comparing the calculated results with experi­
mental data from additional test runs at different operating 
conditions. 

constant r2 is adjusted at step 42 followed by another 
calculation of the 4-lump reacting flow field at step 24. If 
there is a match between the calculated and measured exit 
dry gas concentrations as determined at step 46, the program 
exits Task A at step 50. If at step 40 it is determined that there 
is not a match between the calculated and measured exit dry 
gas concentrations, the stoichiometric coefficient b0 1 is 
adjusted at step 48, followed by another calculation of the 
4-lump reacting flow field at step 24. In summary, in 
executing the iterative routine for calculating the 4-lump 
kinetic rate constants as shown in FIG. 2 and described as 

In FCC riser flow simulations of the disclosed embodi- 30 Task A, the calculated and measured values of the exit 
temperature, the exit feed oil concentration, the exit light oil 
concentration and the exit dry gas concentration are com­
pared and the inlet catalyst temperature, rate constant k0 1 

rate constant r2 and the stoichiometric coefficient b10 aie 

ment of the present invention, two sets of kinetic constants 
need be determined. One set is for the 4-lump modeling and 
the other set is for the subspecies modeling. For the 4-lump 
modeling, the iteration process for determining 4-lump 
kinetic constants is shown in FIGS. 2 and 3. Two tasks are 
included. Task A is for determining kinetic constants with 
specified activation energies from a single experimental test. 
As indicated in FIG. 2, Task A starts by using given inlet 
flow conditions and the current estimate of the 4-lump local 
kinetic constants. The 4-lump reacting flow computation is 
then done. Next, calculated and measured exit temperatures 
are compared. If they do not match, inlet catalyst tempera­
ture is adjusted until a match is obtained. Then rate 
constants, k0 1 , r

0
, and b0 1 , are adjusted until calculated and 

measured feid oil, light oil, and dry gas concentrations at the 
exit match each other, respectively. 

In the flow charts described in the following paragraphs, 
a square represents the start or end of an operation, or task; 
a diamond indicates a decision point; and a rectangle indi­
cates the performance of an operation. The sequence of steps 
indicated in the flow charts are stored in a computer and are 
carried out sequentially as the computer executes various 
commands stored in its memory. 

The iteration routine for calculating 4-lump kinetic rate 
constants in accordance with Task A as shown in FIG. 2 is 
initiated at step 20, followed by the specifying of the 4-lump 
kinetic constants and inlet flow conditions at step 22. The 
program stored in the computer then calculates the 4-lump 
reacting flow field at step 24, followed by a comparison of 
the calculated and measured exit temperatures at step 26. If 
there is a match between the calculated and measured exit 
temperatures as determined in step 28, the program proceeds 
to step 32 and compares the calculated and measured exit 
feed oil concentrations. If the calculated and measured exit 
temperatures do not match as determined at step 28, the 
program proceeds to step 30 and adjusts the inlet catalyst 
temperature and then proceeds to step 24 for again calcu-

35 respectively adjusted until there is a match between the 
calculated and measured feed oil, light oil and dry gas 
concentrations at the exit. 

Task B shown in FIG. 3 determines local kinetic constants 
that include both the effects of local and global temperatures. 

40 Task B is initiated by selecting two experimental tests. One 
is at higher temperature TH and the other at lower tempera­
ture TL. Using the current set oflocal activation energies (E1 , 

E2 and E3), kinetic constants k0 1 , r2 and b0 1 are calculated 
using Task A for the two selected cases re~pectively. Then 

45 the two ko i's for the TH and TL cases are compared. If they 
do not match, the activation energy E1 is adjusted, and new 
k0 /s are calculated based on the adjusted activation energy 
by using Task A again. This procedure is repeated until the 
two calculated k0 i's match and the same procedures are 

so used for the calculations of r2 and b10 by adjusting E2 and 
E3 • Task Bends when two cases (TH and TL) give the same 
set of ko 1 , r

0 
and b0 1 . This set of kinetic constants and 

activatio~ energies i; then validated by using them for 
predictions of other cases at different temperatures. The 

ss determination of the order of the catalyst reaction, n1 and n2 , 

also requires an iteration routine, which is very similar to the 
one for subspecies calculation as described below. 

Task B is an iteration routine for calculating the 4-lump 
kinetic activation energies in accordance with another aspect 

60 of the present invention. Task B is initiated at step 52, 
followed by the selection of two experimental tests such as 
one at a higher temperature TH and one at a lower tempera­
ture TL at step 54. At step 56, a set of local activation 
energies E1 , E2 and E3 are specified followed by calculation 

65 of the kinetic constants k0 1 , r2 and b0 1 for the TH case at 
step 58 and for the TL ~ase at step' 60. The procedure 
described above in terms of Task A is used at step 62 in Task 
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B for calculating the aforementioned three kinetic constants. 
A comparison is then made at step 64 between the calculated 
k0 /s for TH and TL and a match between these two 
calculated values is determined at step 66. If the two k0 1 

kinetic constants match as determined at step 66, a con:i- 5 

parison is then made at step 70 between the calculated r2 's 
for TH and TL. If there is not a match between the two 
calculated k0 1 kinetic constants, the activation energy E1 is 
adjusted at step 68 and the three kinetic constants are then 
calculated for the TH and TL cases at steps 58 and 60, 10 

respectively. If the comparison between the calculated r2 

kinetic constants for TH and TL indicates a match as deter­
mined at step 72, a comparison is then made between the 
calculated b0 1 . kinetic constants for TH and TL. If there is 
not a match between the calculated r2 kinetic constants for 15 

TH and T v the activation energy E2 is then adjusted at step 
74, followed then by a recalculation of the three kinetic 
constants at both TH and TL at steps 58 and 60, respectively. 
If at step 78 it is determined that there is a match between 
the calculated blots at TH and Tv Task Bends at step 82. If 20 

the calculated b0 1 kinetic constants do not match, the E3 

activation energy is adjusted at step 80, followed by a 
recalculation of the three kinetic constants for the TH and TL 
cases at steps 58 and 60. This procedure continues until the 
two cases TH and TL provide the same set of ko 1 , r2 and b0 1 25 
values. ' ' 

8 
not match as determined at step 92, rate constant k

0 
n is 

adjusted at step 94, followed by another calculation of the 
species concentrations PN until the two species concentra-
tions match. 

Task D shown in FIG. 5 is an iteration routine for 
calculating N-lump kinetic activation energies. Following 
initiation of Task D at step 100, two experimental tests are 
selected at step 102, one at a higher temperature TH and one 
at a lower temperature TL. The 4-lump kinetic constants are 
then calculated for both temperatures at step 104, followed 
by initialization of the N-lump kinetic constants at step 106. 
Next, i is set equal to N for the N-lump case followed by 
calculation of the rate constants k

0 
;' s for the TH case at step 

110, followed further by the calculation of the constants k
0

; 

for the TL case at step 112. Previously described Task C is 
used at steps 110 and 112 for calculating the rate constants 
K

0
; for the TH and TL cases. At step 114, a comparison is 

made of the calculated ko /s for the TH and TL cases. If there 
is no match of the calculated k

0 
/s at the higher and lower 

temperatures as determined at step 118, the activation energy 
E/R is adjusted at step 116, followed by a recalculation of 
the rate constants k

0
; for the TH and TL cases at steps 110 

and 112. If at step 118 it is determined that there is a match 
between the k

0
; values at the higher and lower temperatures, 

i is set equal t~ i-1 at step 120, followed by a comparison 
of i with the number 2 at step 122. If i is not less than 2 as 
determined at step 122, the rate constants k

0
; are again 

recalculated for the higher and lower temperatu'res at steps 
110 and 112. If at step 122 it is determined that i is less than 
2, the iteration routine for calculating N-lump kinetic acti­
vation energies ends at step 124. 

Referring to FIG. 6, there is shown a simplified flowchart 
of Task E for the iteration routine for calculating N-lump 
order of catalyst reaction n;. Task E for calculating the 
N-lump order of catalyst reaction n; is initiated at step 126, 

Four tasks are included in subspecies calculations. These 
tasks can be used for any number of subspecies. For a single 
experimental test case, the kinetic constant k

0
; for each 

subspecies is determined by comparing calculated and mea- 30 

sured exit species concentration P; in Task C as shown in 
FIG. 4. Task Das shown in FIG. 5 and Task Fas shown in 
FIG. 7 are performed to include the effects of temperature 
and MAT, respectively. Their iteration routines are very 
similar. They start by selecting two experimental tests at two 
different conditions (TH and TL for Task D, or MATH and 
MATL for Task F). After determining 4-lump kinetic 
constants, a set of N-lump kinetic constants is initialized. 
The kinetic constants (k

0 
/s) for the lump N (i=N) are then 

calculated for the two cases by using Task C. These calcu­
lated k

0 
/s are compared and the activation energy, Ei, for 

Task D ~r the order of MAT, m;, is adjusted until two cases 
give the same k

0 
;• Then, the kinetic constants for the lump 

N-1, N-2, ... , 2°are determined respectively using the same 
procedure. To include the effect of catalyst to oil ratio, Task 

35 followed by the selection of two experimental tests at two 
different C/0 (catalyst to oil) ratios, C/OH and C/OL at step 
128. At step 130, the 4-lump kinetic constants are calculated 
followed by initialization of the N-lump kinetic constants at 
step 132. At step 138, i is set equal to N, followed by 

E shown in FIG. 6 is initiated by selecting two experimental 
tests at two different C/0 ratios, i.e., C/OH and C/OL. After 
determining 4-lump kinetic constants, a set of N-lump 
kinetic constants is initialized using Task D. The kinetic 
constants (k

0 
/s) for the lump N (i=N) are calculated for the 

two cases by using Task C. These calculated k
0 
/s are 

compared and the order of catalyst reaction, n;, is adjusted 
until two cases give the same k

0 
;• The activation energy E; 

is then readjusted using Task D. The kinetic constants for the 
lump N-1, N-2, ... 2 are determined respectively using the 
same procedure. 

40 calculation of the rate constants k
0

; for the case C/0 Hat step 
140. The rate constants k

0
; for the other case of C/OH are 

then calculated at step 142. Task D previously described is 
used at step 134 in initializing the N-lump kinetic constants, 
while Task C is used at step 136 in the calculation of the rate 

45 constant k
0

; for the two cases C/OH and C/OL. The calcu­
lated k

0 
/s for C/OH and C/OL are then compared at step 144 

to deteri:nine if there is a match of these two rate constants 
at step 148. If there is not a match of these two rate 
constants, the order of catalyst reaction n; is adjusted at step 

50 146 followed by a recalculation of the rate constants k
0

; for 
the two aforementioned cases at steps 140 and 142 until the 
two cases have the same k

0 
;• If at step 5 148 it is determined 

that the calculated k
0 

;' s m;tch, the activation energy E; 
0 

is 
saved at step 150 foll~wed by a comparison of the activation 

55 energies at step 154. Previously described Task D is used in 
the comparison of the activation energies at step 152. If the 
compared activation energies do not match as determined in 
step 156, the order of catalyst reaction ni is again adjusted 
at step 146 followed by a recalculation of the rate constants 

Task C shown in FIG. 4 is an iteration routine for the 
calculation of N-lump kinetic rate constants in accordance 
with another aspect of the present invention. Task C is 
initiated at step 84, followed by the specifying of the rate 
constant k

0
,N for species P N· A calculation is then made at 

step 88 of the species concentrations PN, followed by a 
comparison of calculated and measured exit species con­
centrations PN at step 90. If there is a match between the 
calculated and measured exit species concentrations PN as 65 

determined at step 92, Task C ends at step 96. If the 
calculated and measured exit species concentrations PN do 

60 for the two cases at steps 140 and 142. If at step 156 it is 
determined there is a match between the two activation 
energies, i is set equal to i-1 at step 158 and i is compared 
to the number 2 at step 160 and the process is repeated until 
the kinetic constants for the lump i-1, i-2, ... 2 are 
determined respectively using the same procedure, with the 
task ending at step 162 following determination of the 
various kinetic constants. 



6,013,172 
9 

Referring to FIG. 7 there is shown a flowchart for the 
iteration routine for calculating N-lump order of MAT m; 
which is initiated at step 170. At step 172, two experimental 
tests at MATH and MATL are selected, followed by calcu­
lation of 4-lump kinetic constants at step 174. N-lump 5 

kinetic constants are initialized at step 176 using Task E 
previously described at step 178. At step 182, i is set equal 

10 
comparing said calculated product yields with said mea­

sured product yields and adjusting said flow conditions 
until said calculated product yields match said mea­
sured product yields; and 

comparing said calculated product yields with said mea­
sured product yields at said adjusted flow conditions 
and adjusting said kinetic constants until said calcu­
lated product yields match said measured product 
yields, wherein said adjusted kinetic constants incor­
porate the effects of coupled computational fluid 
dynamics and chemical kinetics. 

2. The method of claim 1 wherein said chemical flow 
reactor comprises a fluidized catalytic cracking reactor for 

15 the processing of petroleum. 

to N followed by calculation of the rate constants k
0

; for the 
case of MATH at step 184 and for the case of MAT~ at step 
186. Previously described Task C is used at step 180 for 10 

calculating the rate constants k
0

; for the MATH and MAT L 
cases. The calculated k

0 
;' s for the MATH and MAT L cases 

are then compared at st~p 188. If the comparison does not 
indicate a match between the calculated k

0 
/s for the two 

cases in step 192, the order of the MAT m; is ~djusted at step 
190 followed by a recalculation of the rate constants k

0
; at 

steps 184 and 186. If at step 192 the calculated k
0 
/s 'are 

determined to match, i is then set equal to i-1 at step 194 and 
the kinetic constants for the lump N-1, N-2 ... , 2 are 
determined respectively using the same procedure until i<2 20 

as determined at step 196. Once a the kinetic constants for 
the lump N-1, N-2 ... , 2 have been determined, Task F 
ends at step 198. 

After one set of k
0 

/s, E/s, n/s and m/s are determined 
for all the species, they are validated by using them to 25 

predict other cases at different operating conditions. 
This methodology has been tested using the ICRKFLO 

2.0 computer code. The measured product yields of an FCC 
riser reactor for two cases at different exit temperatures were 
selected and used in the iterative processes to determine a set 30 

of local kinetic rate constants and activation energies. Using 
the kinetic constants determined from the methodology, 
ICRKFLO 2.0 was used to calculate product yields at a 
variety of exit temperatures other than the two cases selected 
to incorporate local and global temperature effects into the 35 

kinetic constants. FIG. 8 illustrates a graphic comparison of 
calculated product yields from these computations with the 
experimental data. The comparison shows excellent agree­
ment between calculated and experimental results. 

While particular embodiments of the present invention 40 

have been shown and described, it will be obvious to those 
skilled in the art that changes and modifications may be 
made without departing from the invention in its broader 
aspects. Therefore, the aim in the appended claims is to 
cover all such changes and modifications as fall within the 45 

true spirit and scope of the invention. The matter set forth in 
the foregoing description and accompanying drawing is 
offered by way of illustration only and not as a limitation. 
The actual scope of the invention is intended to be defined 
in the following claims when viewed in their proper per- 50 

spective based on the prior art. 
The embodiments of the invention in which an exclusive 

property or privilege is claimed are defined as follows: 
1. A method for determining optimum local kinetic con­

stants for a chemical flow reactor having a flow field for 55 

producing a product, said method comprising the steps of: 

3. The method of claim 2 wherein said flow conditions 
include an exit temperature and an inlet catalyst temperature 
of the chemical flow reactor. 

4. The method of claim 3 further comprising the step of 
adjusting the inlet catalytic temperature until the calculated 
and measured exit temperatures match. 

5. The method of claim 4 wherein said measured and 
calculated product yields include exit feed oil concentration, 
exit light oil concentration, and exit dry gas concentration, 
and wherein said kinetic constants respectively include rate 
constants ko 1 , r

0 
and b0 1 . 

6. The m~thod of claim 1 wherein the product yield is 
characterized by an operating temperature and an activation 
energy for each of said kinetic constants, said process further 
comprising the step of calculating first and second sets of 
kinetic constants using measured product yields at a first 
higher temperature and at a second lower temperature, 
comparing and again adjusting said first and second sets of 
kinetic constants until the product yields at said first higher 
and second lower temperatures match, wherein said second 
adjusted kinetic constants and activation energies incorpo­
rate the effects of coupled computational fluid dynamics and 
chemical kinetics. 

7. The method of claim 1 wherein the product yield is 
characterized by a catalyst to oil ratio and an activation 
energy for each of said kinetic constants, said process further 
comprising the step of calculating first and second sets of 
kinetic constants using measured product yields at a first 
higher catalyst to oil ratio and at a second lower catalyst to 
oil ratio, comparing and again adjusting said first and second 
sets of kinetic constants until the product yields at said first 
higher and second lower catalyst to oil ratios match, wherein 
said second adjusted kinetic constants and activation ener­
gies incorporate the effects of coupled computational fluid 
dynamics and chemical kinetics. 

selecting experimental test data sets for various conditions 
including measured product yields for a plurality of 
products and flow conditions in the chemical flow 
reactor; 

determining a calculated product yield of the chemical 
flow reactor for each of said products for selected test 
conditions using specified kinetic constants and flow 
conditions using coupled computational fluid dynamics 
and chemical kinetics for calculating product yields; 

8. The method of claim 1 wherein the product yield is 
characterized by a catalyst activity level and an activation 
energy for each of said kinetic constants, said process further 
comprising the step of calculating first and second sets of 
kinetic constants using measured product yields at a first 
higher catalyst activity level and at a second lower catalyst 
activity level, comparing and again adjusting said first and 
second sets of kinetic constants until the product yields at 

60 said first higher and second lower catalyst activity levels 
match, wherein said second adjusted kinetic constants and 
activation energies incorporate the effects of coupled com­
putational fluid dynamics and chemical kinetics. 

* * * * * 
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