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This Presentation:

Provides an example of the application of Rate-Based 

Simulation of an industrial scale column. 

while avoiding, as much as possible, 

theoretical treatments [that] often make formidable reading for 

the process engineer and it is not easy to pick out a design 

procedure from the information provided. M.J. Lockett, 

“Distillation Tray Fundamentals”



Equilibrium Models: simultaneous solution of MESH equations

Material Balance, Equilibrium Ratios, Summation of mole fractions, Heat Balance

Both,  Gas and Liquid Phases are at the same temperature

Ideal to Actual Stages via “Efficiencies”: Point => Tray => Section => Column

Rate Base Models: simultaneous heat / mass transfer rates based on Driving Forces

(Transfer Rate /Unit Area) = Flux = (Transfer Coefficient) X (Driving Force)

Individual Temperatures for Gas and Liquid Phases

Individual Separation Efficiencies:  Component by Component & Stage by Stage

“Stage Efficiencies” can be back-calculated and applied to Equilibrium Models

Distillation Column Modeling:  Equilibrium ���� Rate Based

 Some Highlights



Both Models:

- Results agree within 4% when Rate Base back-calculated efficiencies are 

          incorporated in Equilibrium Models.

- Accuracy depends on selection of proper

- VLE model (EOS and corresponding BiPs) => Liquid and Vapor Composition

- Mass Transfer  / Flow Pattern model selection

- Physical Properties estimation (component and mixture)

- Can match field results

Distillation Column Modeling:  Equilibrium ���� Rate Based

 Some Highlights



Different Vapor and Liquid Temperatures  (RB) vs Equal Temperatures (EQM)

Apparent Small Differences in the Temperature Profiles, BUT..
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Distillation Column Modeling:  Equilibrium ���� Rate Based 

 Some Highlights => Temperature Profiles



And despite Individual stage efficiency can be back-calculated and used in Equilibrium Models…. 

Murphree Efficiency Tray-by-Tray Component-by-Component
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Murphree Efficiency Component by Component  & Stage by Stage
… In Multicomponent Mixtures,

Separation Efficiencies are different for every component at each stage

Distillation Column Modeling:  Equilibrium ���� Rate Base, 

 Some Highlights => Separation Efficiencies



The compositional differences effect the estimation of the physical properties

related to Tower Capacity :

- Approach to flood (ρ,σ)

- System Limit  (ρ,σ)

Stage

Distillation Column Modeling:  Equilibrium ���� Rate Base, 

 Some Highlights => Physical Props Estimation and Hydraulics Performance
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Surface Tension  =  f (liquid density – gas density) 4



FRI Test Column Arrangement for the Nutter Ring #2



ChemSep Set Up: Selection of Input Data and Checking Points 

14 feet of bed

Simulated as 42 segments

of 4 inches each segment

-> Input to Simulation

<- Checking Parameter



ChemSep - Set Up: Filling in the Data  (1/2)



ChemSep - Set Up: Filling in the Data  (2/2)



ChemSep - Results: Simulation Results compared to Field Data

Concentration and Temperature Profiles  +  Heat Duty Required

Heat Duties Comparison (MMBTU/hr)

Measured Simulated ∠∠∠∠

Condenser 5.87 5.76 1.87%

Reboiler 5.84 5.76 1.37%



Liquid Res / Vapor / Liquid
Ignored     /  Mixed / Mixed

Liquid Res / Vapor  / Liquid

Included    /  Plug    / Plug

ChemSep - Results: Simulation Results compared to Field Data

Flow Pattern Sensitivity



Liquid Res / Vapor / Liquid
Ignored     /  Plug   /  Plug

Liquid Res / Vapor  / Liquid

Included    / Mixed  / Mixed

ChemSep - Results: Simulation Results compared to Field Data

Flow Pattern Sensitivity



AUTOMATIC ISOCHORIC APPARATUS FOR PVT AND PHASE EQUILIBRIUM STUDIES OF NATURAL GAS MIXTURES - JINGJUN ZHOU - Texas A&M University - May 2005   

The Effect of Properties Estimation: EoS and BIP Effects



ChemSep Set Up: EOS and BIP verification with VLE data



Method        Flooding     Weeping

                    (tray #)         (tray #)

Hankinson        4              12 to 14

PR                     -              12 & 13

Rackett          3 to 10        12 & 13

Yen-Woods    3 to  9         12 & 13

The Effect of Properties Estimation: Liquid Density Estimation

Capacity Loss due to unexpected flooding



The Effect of Properties Estimation: Liquid Density Estimation

Capacity Loss due to unexpected flooding

Mixture C2 (10%) -  C10 Mixture C2 (90%) -  C10



Method             Flooding     Weeping

                           (tray #)         (tray #)

MA + T                   4              12 to 14

Weinaug-Katz      2 to 10       12 to 14

Lee-Chien            2 to 11       12 to 14

Digulio - Teja       3 to   8       12 to 14

MA+Brock-Bird    3 to   5       12 to 14 

The Effect of Properties Estimation: Surface Tension Estimation

Capacity Loss due to possible flooding



Data from : High Pressure Demethanizer Physical Properties, 

S. Horstmann, A. Grybat, C. Ihmels, K. Fischer, GPA Research Report RR-203, 2010

Surface Tension Prediction

Effects on Distillation Towers => Capacity Loss

GPA 2 GPA 6 GPA 8



3. Care should still be taken when predicting column performance, even 

when extrapolating experiences from “similar systems” to “different  
conditions”. Since, “It is not about techniques or technology, it is 

about how to use them”, there is no substitute for caution, knowledge 

and experience.

1. Rate Base Simulations, based on simultaneous heat and mass 
transfer, are a tool that can enhance the reliability of new designs 
and troubleshooting operations.

4. Efficiency prediction still remains the area where the biggest gains that 

can be made from further research in distillation. M.J. Lockett, “Distillation Tray 

Fundamentals”

Concluding Remarks and Proposed Next Steps

2. Three “Key Ingredients” are the appropriate selection and 

validation of:
-  Equation of State and corresponding BIPs
-  Flow Patterns
-  Physical Properties Estimation



Final Thoughts

Tuning a model requires time and effort.

“Research is the Key to Better Design”  FRI 


