The result found on the page 1407 - the "major result of this paper” - has the following form

for the "pressure part” for the mixture pressure
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where p° 18 the surface-average of the continuous-phage pressure over the particle surface
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The methodology and mathematical expressions are based on a perturbation expansion of the
stress tensor and the sign 2 should be used instead of = . It 18 not clear that there will ever be a
way to evaluate the level of approximation.

It will be extremely difficult for the authors to properly treat terms like V - (8, (o)) and
' (E:) , the averaged stresses, in their averaged equations. These terms are the most cormplicated
part of the right hand side of the momentum equation. They present this most complicated part

in the averaged right hand side of the momentum equation by
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where the traceless symmetric component S 1s
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and "the isotropic part of the viscous stress is"
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On page 1417 they give the final momentum equation for the continuous phase,
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where the kinematic fluctuations induced stress tensor M¢ is given by

Mc = (uc) (uc) — (ucuc), (125),

and where the continuous phase viscous contribution to the mixture stress X¢ is

o
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where gm is the isotropic part of the viscous stress (which in turn is the another increbibly

>
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complicated expression (see 79)), (equ 78) and K)p — (equ 77) are even more complicated

expressions for the symmetric and antisymmetric components of the stress tensor; and f is
1
f=—A-V-(—pmI+2c), (123).
v

If one substitutes these and other expressions into the final momentum equation, the following

results:
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where all the tensors present as an another challenge to overcome.

It(should[belnoted that[theseltomplicated [éxpressions[still([dohot havelalterm[reflecting[the
velocity of the interface surface to reflect the movement and change of the relative position of the
interface surface. Nor do they have a term with interface velocity-production, ﬁ / UcjUci - (ZS

dS.,

Further, the right hand side does not have terms reflecting processes "on” and ”along” the

interfacedurface. Theseferms/drelabsent (althotgh présent/inthe VAT hodels)bBecause thelauthor,
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and many other in the two-phase flow field, do not perform the double averaging of the right
hand/side(tensorial(opetators/IThis(meanslthat these testults(inlc¢lirrent(™......"" ) [andlothers(by

Prosperetti and co-authors are the consequences of the perturbation expansion of the stress tensor
and will remain so unless the double averaging of it is somehow (maybe not possible) incorporated
into the ensemble averaging methodology. It is not surprising that the only method of closure
they turn to - is the Direct Numerical Simulation of the initial lower level (scale) homogeneous

equations.

Somel[SpecificlComments

On("......"[stated 2 Ourworkl starts[fromthelpremiselthat [today, for the

first time, the detailed information necessary for the development of better models is available
from direct numerical simulation." This statement is incorrect - there are other methods in closely
related fields that have produced exact numerical results and information to improve heterogeneous
modeling. Further, the governing equations developed by Prosperetti are incomplete and have
deficiencies.

On™...." -['It[should[belnhotedthat, priortolthiswork, holtechniqueléxisted for
the rigorous calculation of ensemble averages of spatially non-uniform systems," This is incorrect,
several [dther [tesearchers (Whitaker) Quintar, Travkin(and(others) haveldéyeloped and used"rig-
orous calculations" of heterogeneous systems. It is further stated that - "closure laws are derived
in the form of functional relations that are, at least formally, problem - independent,".

The general approach to closure proposed by Prosperetti is to declare up-front a model for
closure and then to follow the results of numerical simulation to obtain the coeffcients in the
closurélmodel.[Onlpagel™..." [it[is[stated [J[1 Thelsimultaneous[¢onsideration[of[thel¢ldsureltelations
as well as to validate the closure itself ...". For example, on page 6 the relationship given for the

—>
closure of the stress tensor S is
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where the three effective viscosities are just "postulated". This method might supress the physical
and mathematical basics of the underlaying phenomena in favor of model convenience.
Onlpagel™...." [therelis[thelstatement 2V Inlaveraged-equationslmodelslof the M two-fluid" [typel

)

the particles are described in terms of the local volume fraction 8p...”  This supposition is a
simplification of a known situation and leads naturally to the conclusion that - "the very foundation
of the two-fluid modeling carried out in the last several decades fails."

Onlthelpagel™...." [2[Mit[is[ineaningful,[for[éxample, [tol simulatelsituationsin[which[theimposed
forces, torques, velocities, and angular velocities are not equal but are selected from assigned
probability distributions." It appears as if Prosperetti wants to assign the major properties of a
particulate flow to each particle. This will eliminate the connection between physically justified
parameters (meaning those found or simulated with accepted modeling equations) and calculated
responses of the particular problem studied. The result could be very different from a solution
based on calculated parameters.

It[AsworthMoting[that, (At [present,[the  VAT[linl¢onttasttolénsemblelaveraging, [is[developedto
a level where allmost all the restrictions cited earlier and enumerated by Buyevich, Drew and
Lahey,[Prospéefettiland(in otherworks[¢an[belttéatedinEhe VAT [fhroughfhepropériathematical
procedures. VAT has been applied to transport phenomena in heterogeneous media with the
following features:

1) multi-scaled media;

2) media with non-linear physical characteristics - including high Reynolds numbers and even
turbulence;

3) polydisperse morphologies;

4) materials with phase anisotropy;

5) media with non-constant or field dependent phase properties;
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6) transient problems;

7) presence of imperfect interface surfaces;

8) presence of the internal (mostly at the interface) physico-chemical phenomena;

It is too bad that many of the efforts in the two-phase flow area have given the method a
poor image. Two phase flow is a complicated arena to work in and results were needed and often
obtained at the expense of rigor or even good physics. This is an area that needs the close attention
of someone like Prof Prosperetti who is a brilliant mathematician. What he has done heretofore
isfmuchbéetterthanany lofChislpredecessorsinthisCarea. ] His[thoice[of énsémbleaveraging methodlis
unfortunate because, as noted by Buyevich, there too many hurdles that require simplification to

overcome.
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