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Outline

• Motivation
• Stochastic vs. Deterministic
• Three approaches
• Conclusion

MotivationMotivation--PreviousPrevious––R&N InterfacesR&N Interfaces––Real onlyReal only--ConclusionConclusion
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In Focus:
High Pressure Gas Liquid Separation

HiP
GLS

HiPGLS
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Bouncing / Coalescence 
425 (60%) Bounced                    273 (40%) Coalesced
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Droplet-Droplet

Qian, J. & Law, C.K. (1997). Regimes of coalescence and separation in droplet collision. Journal
of Fluid Mechanics, Vol. 331, 59-80.
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Droplet-Droplet

Qian, J. & Law, C.K. (1997). Regimes of coalescence and separation in droplet collision. Journal
of Fluid Mechanics, Vol. 331, 59-80.
Dupuy et al. Modeling of high–pressure binary droplet collisions. Submitted to Computers and
Mathematics with Applications.
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Time for disturbances to take place

Dupuy et al. Modeling of high–pressure binary droplet collisions. Submitted to Computers and
Mathematics with Applications.
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Three approaches for scrubber 
modeling
• Using directly experimental results.
• Population Balance Estimation – Sharp boundaries
• Population Balance Estimation – Probability Description
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Using directly experimental results

60% Bounced 
40% Coalesced

Limitations…
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Experiment Distribution
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Distribution in the Scrubber

Size

Velocity

Angle
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Population Balance Estimation –
Sharp boundaries

• Lim(Re, We, Ang, FilmProp, ….→ Outcome)

0 1

Heaviside step function
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Droplet-Wall Results

Nils. Kleinohl (2009). Experimental analysis of droplet-surface 
interactions at low impact velocities. Master Thesis. ITLR
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Internal Coordinate Integration

• Population Balance
– (Droplet relative velocities)

• Experiments
– Surfactants distribution
– Turbulence in the gas phase
– Non-equilibrium effects
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Population Balance Estimation –
Probability Description

• Pr(Re, We, Ang, FilmProp, ….→ Outcome)

0 1…………….

Binomial Cumulative
Function
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Results. Probability with Reynolds

Probability with Reynolds

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

-46.4683 180.80668 408.08166 635.35664 862.63162 1089.90659 1317.18157 1544.45655

Re

Coalesce

Bouncing
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Results. Probability with Angle
Probability with Angle

0 %

20 %

40 %

60 %

80 %

100 %

-4.58744 5.84872 16.28488 26.72104 37.1572 47.59336 58.02952 68.46568

Angle

Coalesce

Bouncing



18

Dupuy – GTS 2009

Conclusion

• Using a cumulative distribution function when defining 
population balance kernels is a general approach to 
Heaviside functions.

• This approach is more suitable when more variables are 
already integrated in the experiments.
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