ioMosaic”

risk. ®

Technology Updates > News > Coming Soon: Capability to Constrain Multiphase Equilibrium Calculations

Coming Soon: Capability to Constrain Multiphase
Equilibrium Calculations

2021-08-23 - Corporate Communications - Comments (0) - News

The next release of Process Safety Office® SuperChems™ will provide the capability to constrain multiphase
chemical and physical equilibrium calculations. This is an important upgrade for all SuperChems™ models using
Gibbs free energy minimization including streams, and the Gibbs free energy model. The release will also help
users better develop global kinetics (rates and stoichiometries) from calorimetry data where constraints are
measured.

Can Specify User-Defined Constraints

When users create a new mixture or when users edit the number of compounds in a mixture, they can specify
user-defined constraints, including both equality and inequality constraints.
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Can Constrain Based On Actual Measurements

Equilibrium states are usually difficult to achieve in liquid and heterogeneous reactions. In the next release,
users can constrain the equilibrium calculations based on actual measurements, such as the final ratio of non-
condensable gas, to force the equilibrium calculation to match reaction data for rate-limited reactions. Users can
also use constraints when calculating VLLE to restrict a specific chemical species to one or more phases.

A user specifies the constraints by directly editing the mixture after setting the number of constraints. The
figure below shows a mixture that is used to model the combustion of methane. Note that it has three user-
defined constraints: one equality constraint and two inequality constraints.
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The equality constraint constrains the molar ratio of carbon monoxide to carbon dioxide to 10 % or 0.1 for the
vapor phase only.

nCO/MnCO2 = 0.1 ornCO - 0.1 nCO2 = 0.0

1 and -0.1 are shown for the equality constraint and the right hand side is set to 1.0E-9 to prevent nCO from
going to 0.

These types of constraints are preferred to absolute constraints since the total number of moles can change
depending on the initial number of moles/flow rate and chemical conversion.

The second constraint is an inequality constraint. It constrains the final number of carbon to 0.1 mole or greater.
This is an absolute constraint and regardless of the starting number of moles, it will require that the equilibrium
number of moles of carbon cannot be less than 0.1 mole.

nC >=0.1

The third constraint is also an absolute non-equality constraint which constrains the final number of water moles
to 0.5 or greater.

nH20 >=0.5

The figure below shows that when the Gibbs free energy code is run, starting with two moles of fuel and oxidant,
the following solution is returned. Note that the final number of carbon moles is 0.1 and the final number of
water moles is 0.666 where both inequality constraints are satisfied. Also note the ratio of CO/CO2 is 0.1 which
satisfies the equality constraint.

This solution is a constrained equilibrium end state yielding a total energy release of -969.43 cal/g.
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Were the user to run the calculation without the additional constraints, the figure below shows the following
equilibrium estimate for the final state.

e
Bt Faerwy and Velww Chasge
i
X tveall emckalpy changn. B

ERrEgy change. BISC

snthalyy change. Blicg
55wl dnst, B8

I tverall smewegy chasgs. BICie

B ECEL [Fap el 315l Fhares 4837
L

CARRSE BETNIL
| CassiE BIEIEE
1w

§p EITHDC Sving

£ NITROEN BIOIRE

M OTHEF. + © woles

bl

&8 ToTiLs

Ll

6F tesunctaen EEficaemey
&3 © =» G50 ENTLELEneT

meARNIST Change 80 verred Betel, &

+* Felken Dnbex

2 AT
%
ST
=018
A EHHE 0
=8, 603
=3, JFFLE-H5
L
[ Y
<
1
o
a
L
5
=
=
L
A
m—
=

marard Ratumg
o

LT3 calip

INETLAG MRLLD

Hewi wi weaciien Efective CRET

A%N.E K
Rt TikAL BiGER P Y
AEEFTICI

8,500 oo 10050
-8, 3330 a0 (X1
0D [T .00
(X o [
(X e fRIT
0. 535% 300 bl
LR T B s
.00 ) 1.0008
(X a0 X
Lo ] Ry
(X 2. oo (X
0.5500 o 1.0008
(X L E

(X7 2000

1060 CEH erpamn
00, CES ertens

FOMLIETT. Bare  JEARD
TRRET

(K-

o0
CR--
8. 8871
@
AT
9, 1902

o0
&
.00
R

1083
22000

Note the total energy release is -1167.59 cal/g and the stoichiometry is different, as the number of C moles and

CO moles is zero.
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SuperChems™ provides a simple additional utility that can populate the constraints from some typical

situations.
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These new features in SuperChems™ should prove very useful when dealing with multiphase reactions or VLLE
systems. Please note that absolute constraints should be avoided unless the user is clearly aware of the starting
number of moles and how that compares to the absolute constraint value(s). It is preferred to create constraints
that are relative to either the total number of moles in one or more phases, or a specific component, etc.

Questions?

To ask questions or get help from our highly trained technical support experts, please contact us at
1.844.ioMosaic or submit a ticket to our online support center. We'll be glad to assist.

ioMosaic is committed to leveraging the latest technology to maximize tool performance. Check back often to
see the latest information about ioMosaic software and technology solutions.



