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Motivation: Polyurethane Foams
• Polyurethane foams posses a variety of advantageous qualities including, 

durability, low thermal conductivity, a high strength-to-weight ratio, and are 
highly customizable

•  Can be used to create almost any combination of shape and firmness

• Applications include:  Insulation (buildings, electronics, appliances, etc.) and 
cushioning (vehicles, furniture, etc.)
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Goal: a computational model to optimize parts manufacturing and predict material properties 



Previous Work Modeling Polyurethane Foam3

We build on Ortiz et al’s and Rao et al’s  
work to include both nucleation and 
breakage in the  population balance 
equation

• Rao et al developed a kinetics based model which 
tracked the curing reaction through extent of 
reaction

• Ortiz et al added a population 
balance equation to Rao et al’s 
model, which included 
coalescence and growth, but not 
nucleation



Modeling Polyurethane Foams4

System of Equations:

symbol meaning
density 

u mass-average fluid velocity

stress tensor

surface tension

extent of reaction

k rate constant

diffusion coefficient for variable i

b, m, n, p fitting parameters

thermal conductivity

T temperature

Y liquid mass fraction

heat of reaction

concentration of variable i

P pressure

R universal gas constant

growth of moment 1(conservation chemical species)



Population Balance Equation (PBE)5

• Considered as a function of time t, physical space x, and phase space ᵰ�

• Phase space — a vector of intrinsic properties (e.g. mass, volume, velocity, etc.)

• Processes that impact n(t, x, ᵰ� ): growth,  shrinkage, coalescence (aggregation), breakage,  
nucleation, evaporation



PMDI-10 included phenomena
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Consider the following PBE:



PMDI-10 continued7

Source terms:

Population Balance Equation:

• Coalescence term:

• Breakage term: 



Kernels for PBE terms8

Nucleation term:

symbol meaning

growth rate constant

pressure

atmospheric pressure

reference pressure

η viscosity

reference viscosity

coalescence rate constant 

breakage rate constant

breakage exponent

nucleation rate constant



Quadrature Method of Moments (QMOM)9

Apply moment transform to PBE:

Idea: transform PBE to a discrete set of moment equations, and reconstruct the BSD from the moments

Physical meaning of key moments:



Summary of Numerical Methods10



Results11

Left: Ortiz 2022 40C
Right: PBE 40C Left: Ortiz 2022 40C

Right: PBE 40C



Results Continued12

• Capturing early density well and producing similar  shape to Ortiz 2022

• Different shape for mean bubble volume over time



Results Continued13

Bottom: 2.5cm from base of mold
Middle: 10cm from base of mold
DWS: Diffusion Wave Spectroscopy

PBE bottom closer to shape of  DWS data



Summary and Future Work

Summary:

• Added nucleation and breakage kernels to kinetics model with population balance 
modeling 

• Obtaining a better picture of the underlying microstructure

Future work:

• Continue to modify and improve kernels

• Apply population balance model to coarsening data

• Working to implement this framework for polymer upcycling
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