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@ The foaming process can be blown: PBA or CBA

o Physical blowing agents (PBA)

o Volatile liquid with low boiling poiont

@ Gas introduced under pressure
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Objectives of the research

The present study achieved the following objectives:
@ reviewed existing models of physical blown PU foam

o formulated a physical blown PU foam model for FOAM solver (ITWM)

@ Validated the model with experimental data in literature
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Practical behaviour of the physical blowing agent
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Fig. 1: lllustration of Exp. T. and Fitted curve of xg;(Tesser et al., 2003).

The behaviour of the BA mole fraction (xg.) is discribed by

xpL = f(Tg) = a -exp <b/<_,]_'35,>) (1)
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Mathematical modelling

Firstly, we consider the following equations for the:

PU Polymerization Reaction (Rao et al.,2018)

d¢ m ’

< iore) (1)’ .

k:[(05—B><#+tmh(Du—t%>)+2B]1;(ap<&) (3)
’ s (1 + wear)? 0 RT )’

Q(T-Tp)
G+T—T, )

log,p T =

TgO(l _ 5) + AS Tgoo

Tg = , 5
g 1-¢&4+ A (%)
Energy evolved by the polymerization reaction heats up the Temperature Equation:
dT d¢
Co— = ppHr—
PpLp dt Pp Rdt’ (6)
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Mathematical modelling

As the temperature of the reacting system increases, the PBA
XBL(mol/molnq_ mix.) = f( TB)7 (7)

xg  Ms )
(1 - XBL) Mno ’
gains heat and evaporate to gas, and it rate of evaporation is
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Fig 1: Display of T. in BA evaporation
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Mathematical modelling

Effect of the evaporation leads to a drop in the temperature

dT d
oG 2L = poH L

Ai
Pdt *

dt dr’ (6+)

Fig. 2: Plot of Drop in the BA Conc.(L)

G(amount of gas generated) = Lo — L. (10)

The polymer density resulting from gas creation is

1+ Ly
(GL000RT/Pis) 1 (L/ow) ¥ (1/7)

pF =
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Method of solution

The collection of all considered equations

@ Polymerization equation % = k(b + €m> (1 - E) ; (1)
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Method of solution

The collection of all considered equations

@ Polymerization equation % = k(b + €m> (1 - E) ; (1)
o Temperature equation ppCp% = ppHR% + X%, (6%)
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Method of solution

The collection of all considered equations
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Method of solution

The collection of all considered equations

@ Polymerization equation % = k(b + €m> (1 - E) ; (1)
o Temperature equation ppCp% = ppHR% + X%, (6%)
dL MB 1 dXBL dT
— = — — for T>T.
_ 2 =
@ Evaporation equation Zz Mno (1= xg)* dT dt (8)
— =0 for T < T..
dt

o Initial conditions: T=26.62°C, £ = 0,L = 0.0503,0.0751
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Method of solution

The collection of all considered equations

@ Polymerization equation % = k(b + €m> (1 - E) ; (1)
o Temperature equation ppCp% = ppHR% + X%, (6%)
dL MB 1 dXBL dT
— = — — for T>T.
_ 2 =
@ Evaporation equation Zz Mno (1= xg)* dT dt (8)
— =0 for T < T..
dt

o Initial conditions: T=26.62°C, £ = 0,L = 0.0503,0.0751

o Euler method: For the set of ODEs
o kinetic eqn: &K+l = £ (&K, Tk)
o Temp. eqn: TKHL = fr(gktl ¢k Tk LK)
o Evap. eqn: LK1 = f,(Lk, Tk, Tk-1)
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Results & discussion: Adiabatic

In obtaining the polymerization parameters an adiabatic condition was first considered
and the temperature increase
dT d¢

pPCPE = ppHr dt’
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Fig. 3: Temperature of polymerization react. (Adiabatic) Tesser et al. (2003)
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Results & discussion: Non-adiabatic

For the non-adiabatic case with effect of diffusion,we introduced term in (12) to calibrate
U

dT d¢
ppCo— = ppHr—> — U(T — To). (12)
dt dt
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Fig. 4: Temperature drop due to diffusion (non-adiabatic)
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Results & discussion: Characteristics of PU Foam with [y = 0.0503
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Fig. 5: Plots of (a) Tempterature (b) density (c) L (d) G for Lo = 0.0503.
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Results & discussion : Attributes of

PU Foam with Ly = 0.0
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Fig. 6: Plots of (a) Temperature (b) density (c)
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Results & discussion : 3D PU foam growth

The considered system of ODEs was transfered to the existing foam solver in the
instistitute, FOAM, and this allowed us to perform full 3D simulation.

Video 1: Growth of the PU foam in the cylinder cup (300secs)
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Results & discussion : 3D results of the PU foam T, L and density
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Fig. 7: Plots of (a) Temperature (b) Density (c) Blowing agent conc. (L)
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Results & discussion : 3D and ODE density compared

density (kg/m3)
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Conclusion

@ A model to simulate physical blown polyurethane foam has been formulated.
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Conclusion

@ A model to simulate physical blown polyurethane foam has been formulated.

@ The temperature profiles and densities of the the growing foam for two different Lo
has been investigated.

@ Results of the developed model show good agreement with experimental data in
literature.

@ The effect of the external heat transfer was introduced in the overall model for a
better description of the experimental data.

o Transfer of the ODE system to full 3D system implemented in the foam simulation
software, FOAM, was achieved.

@ From our observation the model is satisfactory for a rough description of the main
occuring foam phenomena.
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