the flow, and separation may even occur. The referee noted thal@jscussion: “Alternative Models of

a consequence, turbulence production is enhanced and Ievelstl.of | .
turbulent kinetic energy are increased, as found experimentally )Urbu ence in a Porous

Spencer et al.21]. Medium, and Related Matters” (D. A.
However, it is not clear to the present author to what exte

t. .
results for high Re aerodynamics carry over to flow in porou.@“el(i 20011 ASME J. Fluids

media, and further investigation is desirable. Eng_’ 123, pp. 928.931)
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The paper which | authored is mentioned first by Prof. Nield [1].
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1 basics for turbulent fields decomposition and treatment in T
VAT averaging[3]; _ _ (M)(pCp)—— +(S2)(pCp)

2 fundamentals of averaging of nonlinear operators of class at
V- (vrV{U}).

Since those two papers with experimental closure of VAT tur-
bulent equations, | have published a number of papers with exact, '<_-A|- G+ (K —kp) V-
rigorous closuregin a general interest morphologies-as capillary AR

S
or globulay [5-12), as well as with approximate closures usin%v . ~ ~ 12_
experimental datd6,10,13-17. In addition, we recently per- hich has two averaged temperatufgsandT,, interface surface

formed experimental studies on micro-heat exchangers, doing {Bfegrated temperaturg(dS,,), and two fields of fluctuations
the first time a data reduction methodology based completely dn(X) andd;(x), assuming that the velocity field is also computed
VAT [18]. All this is done by using the closure methods. anq .known. One will write further the effective conductmty co-
Over many years I've been watching the situation where peogéficients for Eq.(3) and for the one-temperature equation when
from different countries have proposed developing some “newfe temperature equilibrium is assumed.
theoretical construction for modeling of turbulent transport in pdD the first case for the weighted temperature
rou media. Their papers are published because there is a lack of ~ =~
advancement andp Irfck of exBerts in this area. The mathematics (T")=(m)(pcp)iT+(s2)(pCp)2T2)/Wr, (4)
and equations of VAT have yet to become part of a convenient — —
university knowledge base and are too unfamiliar to understand or wr=(m)(pCp);+(S2)(pCp)2=const, (5)
to make a close consideration. It seems one needs to blame @qgation can be written as
lack of university education plus not enough volume of solved AT
problems. 7 UvT.=V. T T
These thoughts were behind the reason and idea of the secgﬁd ot M pep) UVT=V- (VM) To) +keV (52 T2))
of our presentations at the 3rd ASME/JSME Fluids Engineering
conference, “A Critique of Theoretical Models of Transport in
Heterogeneous Media[19]. This specifically addressed those is- 1
sues mostly by criticizing various developments in heterogeneous —k,)V- {— f Tf&s1
and multiphase transport theories and modeling. Returning to the AQ S12
paper by Prof. Nield, | have no choice but to talk about thos

Shere 3 temperatures are unknoWf"), T, T,, plus interf
papers and studies that already were addressed in the presental gr?.e emperaltures are u OWR™), Ty, T2, plus intértace
One of them is the previous work by F. Kuwahara and ASurface temperature.lntegr'ﬁ,l(.alslz), and fluctu.at.lon field3'¢(x)

Nakayamd20]. and(;(x). The effective coefficient of conductivity can be looked

In this work, the Detailed Micro-Modeling Direct Numerical ©OF 1S
Modeling(DMM-DNM )-solution of 2D problem of uniformly lo- o
cated quadratic rods with equal spacing in both directions is de- ¢
livered and analyzed. There the Forchheimer and post- 1 R
Forchheimer flow regimes were studied. This work is a good +(kf—k2)[mf T¢ds;
example of how DMM-DNM goals cannot be accomplished even 9512

if the solution on a microlevel is obtained completely, when thg, order to avoid the complicated problem with effective conduc-
proper volume averaging theofyAT) scaling procedures basicsyjyity coefficient definition in a multi-temperature environment
are not known and applied. The one structural unit periodic cell | wahara and Nakayanja0], while performing the DMM-DNM
the medium was taken for DMM-DNM. Equations were takefor problem of laminar regime transport in porous medium, de-
with constant coefficients and in phase one the VAT equation Wagjeq to justify the local thermal equilibrium condition

written for the laminar regime as

aT, o
e +{m)(pcp)U;VT;

=V (ke V((mM)T1) +kV((S5)T2)) + (pCy)V

1 -
m J; deSl (3)

+(pCp)V- (=Tl e+ (ke

., (6)

(VT = (K V(M) T )+ KV () T2)) + (py) i{ — Trli)s

. @)

- (M=(M)Ti+(s)To=T*=T=T, (8)

JTs -~ . . .
(M)(pCp)— +(m)(pcy) U VT wh_lch gree_ltly changes the one (_affectlve temperature equation.

at This equation becomes simpler with only one unknown tempera-

A ~ ture T* and variable field; and writes as
=(pCp)iV-(~Tili)s + K VV(M)T) '

aT* ~
1 - k - =+ JEE— R *
KV T,ds|+ = VT, ds. ) ((m)(pc)s+(s2)(pCp)2) ot (m)(pcy){UiVT
AQ ], AQ ),
. . . , =V (kK VM)T*) +kaV(($2) T*)) + (pCp) ¢ V(= Tl )
Adding this equation to the VAT solid phagsecond phagewo
temperature equation gives +(kf—k2)V-[Alﬂ f Tfasl ' )
~ ~ 9512
aTy aT, o _ . oz
<m>(pcp)f7 +(sz)(pcp)27 +{m)(pcp)U;VT; as the variable temperature and velocity fluctuation fidlgsnd

0; should be known, although this is a problem. As long as the

:(pcp)fV~<—?f0i>f+V~(ka(<m>7Ff)+k2V(<szﬁ'2)) definition of effective conductivity coefficient is

v u J Teds;+ kz J T.d KE(VT* )= ke V(M) T*) + KoV () T*) + (pey) { = Tl
e Sit —— s
AQ . fyo1 AQ ; 2492

Sy 1 -
+(ki—ky)| —= Tds, |, (10)
f - 2 - Al %12
) f 75,V TedSy AQ LSleTZ' ds, ) then the effective conductivity can be calculated subject to known
T*, Ty, T, and@;. One important issue here also is how is the
which reduces due to interface fluxes equality to temperature fluctuatiom; being calculated? By using the correct
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phase temperatuf& of calculating the difference witlhi* ? Atthe cannot do the correct averaging of the right-hand side of the equa-
same time, an important issue is that in DMM-DNM, the assumjons. Those equations are highly nonlinear, on both sides. The
tion of thermal equilibrium has no sense at all, as long as tiieeory of half-linear conservative equations averaging is well de-
problem has been already calculated as a two temperature pré@loped in the studies by Prof. S. Whitaker, yet these authors do
lem. In this situation it is not clear what kind of temperature wagot refer to his work, in spite of the fact that most of their equa-
used in the calculations of VAT terms and assessments of chartiens were developed by Whitaker many years ago and are known
teristics. If one temperature was used it was used instead of {Re2 reading public. _ _ _
already calculated two temperatures, which would be preferred Nakayama and Kuwaharg22] do averaging which we find
To further perform the correct estimation or calculation of effecduestionable even in the brackets of laminar equations averaging
tive characteristics, one needs to know what are those charact@ghnique. For example, they apply intrinsic averaging to vectorial
istics, in terms of definition and mathematical description of théinctions equations. Further, in the averaged momentum equation

model? (11) on p. 428 they incorrectly define the second
This is one more place where the DMM-DNM as it is per- P AT olu)

formed now is in trouble if it does not comply with the hierarchi- — (vt ,,t)( LA f) ,

cal theory derivations and conclusions as the VAT. As shown IX; IX; IX;

above, only the requirement of thermal equilibrium warrants thaend the third terms in r.h.s

equality of steady-state and transient effective conductivities in AN the averaged equéti.oﬁ of fluid temperat(s) they incor-
two-phase medium. Consequently, if taken correctly the tW?éctIy derived the first

temperature model will cause more trouble in treatment and even

interpretation of the needed bulk, averaged temperadasdong P c v a{?}
as this problem is already known and treated in nonlinear and = (kf+ M)(_f) ’
temperature dependent situatipnand corresponding effective IX; oT IX;

conductivity coefficier(s). the second and third r.h.s. terms; in the equation of solid tempera-

7Thu3,Ec0n:1L%aring the two effec‘;ir\]/e ((j:_c;fnductivit_y (t:rc])efficient(sj ItEQUre(le) the second r.h.s. term is incorrect; in the averaged kinetic
(7) and Eq.(10), one can assess the difference in the second te ergy{k}; equation(20) incorrect are-the first, second, fourth

form and consequently, the value of the computed coefficien d fifth r.h.s. terms and in the dissipation rdte; equation

Comparing the expressions for one equilibrium temperature g )-the first, second, third, fourth and fifth r.h.s. terms are incor-
one effective weighted temperature, as well as for their effecti ' ' '

conductivity coefficients, one can also observe the great imbal-, ey further development, these authors used those equations

ance and inequality in their definitions and computations. ¢ nymerical solution through the DMM-DNM to assess the
Summarizing the application of DMM-DNM laminar regime, 5,6 of turbulent viscosity of the 2D square rod medium in a

approach by Kuwahara and Nakayaf28l], it can be said that itis ¢rogg flow, Also, they applied a thermal equilibrium condition.
a questionable procedure to make an assumption of equmbrlurr_mprof_ Nield is right when he speaks out about the frivolous
temperatures when the problem was stated and computed asyjgnge of a few additional terms in the right-hand side for the
DNM for two temperatures. In the calculation of the eﬁeCt'V%arcy-Forchheimer like terms. This action is so often undertaken
coefficients of conductivity, stagnant thermal conductikty tor- many papers, and is one which is incorrect.
tuosity molecular diffusiorki,, ; and thermal dispersiokyis , Ku- When Nield is writing about the interaction between fluctuating
wahara and Nakayama used the questionable procedure for calgintities and the solid matrix of the porous medium, he should
lation of the latter two coefficients. They used a one (REV) e referring only to models by Masuoka-Takat§3] and
computation for surface and fluctuation temperatures for the pﬁ"\iakayama-Kuwahara[ZZ], because this aspect is naturally
odic morphology of the medium, and at the same time they usgghpped from their models. That is not relevant to the theory
the infinite REV definition for the effective temperature gradient,plished by Travkin and co-authors. It is necessary to note that
for their calculation. That results in the mixture of two differenthe statement about “global eddies are ruled out a priori” is inac-
scale variables in one expression for effective characteristics. Thigate with respect to the theory published by Travkin and co-
is an inconsistency and if used consciously it should be statgdthors. There is no limitation by periodicity in this theory, but
explicitly, because it alters the results. vice versa. Both scale fluctuations are allowed to exist: fluctua-
Returning to the question of the correct approach to turbulefigns for turbulence within the pore which is controlled by the
transport modeling in a heterogeneous environment, | would poisére and fluctuations of the upper scale which are controlled by
out that the first to really address the problem were not workers e whole morphology of the medium. That means that the models
fluid mechanicsthose primarily diagnosed the problgnbut in  of Nakayama and Kuwahara, Masuoka and Takatsu and those by
meteorology and particularly in agro-meteorolof,4,8. One Travkin and co-authors are not of the same type, as Prof. Nield
who is interested in the field should also read first the book kyrites.
Monin and Yaglorm{21] who are primarily meteorologists. In that  |n Section 4 we read about closure of the averaged equations.
book, substantial discussion is provided on the subject of equarof. Nield seems to have knowledge that this closure happened to
tions of kinetic energy and dissipation rate when a group of obe provided only on the basis of substitution by experimental data
stacles are encountered in a flow. (which is still highly reliable method as long as the data reduction
Nield states, “It is the view of the present author that Nakaymig done correctly This statement is not credible. When the clo-
and Kuwahard22] have presented clearly and forcefully theirsure is provided on a rigorous basis, which is actually done in
case that their model is superior to that of Antohe and LU&je some of our workg[5,7,15,24, etc], there is no question at all
and in many respects their paper is admirable.” | just want tabout the correct form of the final governing equations. It is not to
agree with this remark by Nield about the paper of Antohe arghy that the closure problem for the VAT equations is solved com-
Lage, and at the same time | am not surprised by the commentpdétely. Of course, it is not even close to a final determination, but
Prof. Nield on the paper by Nakayma and Kuwahf2d]. The the ways and means already have substantial progress.
reason is still the same. There is no understanding of the correct question the statement “It is inevitable that physical informa-
averaging theory and the correct VAT equations for nonlinegion is lost at the closure stage.” | would say that, on the contrary,
problems to which those averaging operators have been applieery detail of the microscale process can be preserved and serve
Furthermore, | need to make some shorter remarks on this p&- an input to the upper scale model if the closure is provided
per[22]. One of the biggest problems with this kind of model andorrectly, which we addressed in a few papers. In VAT closure
a similar one by Masuoka and Takatg2B], is that the authors modeling, there exists the situation when there are few method-
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ologies to close the additional integral, integro-differential and  ceedings of the Tenth International Heat Transfer ConfereBaghton, UK.,
. h h . ; 5, pp. 399-404.

dlﬁere.mlal terms in VAT .equatlons' The m.OSt Wldely anWﬂ an(_j [9] Travkin, V. S., and Catton, I., 1998, “Porous Media Transport Descriptions-

used is the method of linear approximation of fluctuation vari- " Non-Local, Linear and Nonlinear Against Effective Thermal/Fluid Properties,”

ables, introduced first and developed by S. Whitaker. The methods Adv. Colloid Interface Sci.76-77, pp. 389-443.

used in studies by Travkin and co-authf8s4,7,10,13,24—2J@are  [10] Travkin, V. S. and 1. Catton, 1999, “Compact Heat Exchanger Optimization

those one can use with either the two-scale modeling or experi- L‘;?T'S'Cg'ag"’_‘zig AOS”MI\E/O'“?V‘; hﬁ;’fircig'”g TheoryProc. 33rd ASME NHTC,

mentally obtained coefficients, f(_)r _example, Qf reS|_s§ance and hegl Travkin, V. S. and Catton, I., Hu, K., Ponomarenko, A. T., and Shevchenko, V.

transfer. | would not say that it is a “semi-empirical matter.” G., 1999, “Transport Phenomena in Heterogeneous Media: Experimental Data

Some of the considerations and analysis by Prof. Nield on closureJ Eedl}ictl_?n a;_d /-:;wslyslsverC-tt/-\Sl\/llEzAg{l)li-Zia 223 ?D-HZl—31h-_ | Network
: u, K., Travkin, V. S., and Catton, I., , “Two Scale Hierarchical Networ|

problems seem o .be from guessing, bec{.iuse the process of Model of Heat and Momentum Transport in Porous Medidc. 35th Na-

sure of VAT equations, and even the existence of some terms onal Heat Transfer Conferend@001 NHTQ, ASME.

which should be closed in nonlinear and turbulent transport equat3] Travkin, V. S. and Catton, 1., 1992, “Models of Turbulent Thermal Diffusivity

tions, is unknown to most of authors whose papers we are discuss- and Transfer Coefficients for a Regular Packed Bed of SpheFesmytlamen-
ing here tals of Heat Transfer in Porous MedidASME HTD, Vol. 193 pp. 15-23.

14] Gratton, L., Travkin, V. S., and Catton, 1., 1996, “The Influence of Morphol-
As to the developments by Pedras, de Lemos and co-authors™ gy upon Two-Temperature Statements for Convective Transport in Porous

mentioned by D. Nield, | would like to make a few comments on  Media,” Journal of Enhanced Heat Transf8f,pp. 129-145.

the question of the transpositidcommutativenegsof Volume-  [15] Catton, 1., and Travkin, V. S., 1996, “Turbulent Flow and Heat Transfer in

Time averaging or Time-Volume averaging It appears from the High Permeability Porous MediaProc. of the Intern. Conf. on Porous Media
. ) . . and Their Applications in Science, Engineering and IndystryVafai and P.

papers co-authored by de Lemos that this question is settled in & N spivakumar, eds., Engin. Foundation and Inst. Industr. Math. Sciences, pp.

favor of the transposability of the components of two sequences. 333-391.

Many factors Wou|d Contradict this‘ for examp|e: [16] Travkin, V. S., Gratton, L., and Catton, I., 1994, “A MorphologicaI—Approach
for Two-Phase Porous Medium-Transport and Optimum Design Applications

1 REV (volume averaging of Navier-Stokes equations with in Energy Engineering, Proceedings tl)f the Twelfth Syfmposium on Energy
the Iarge Re5.1¢ in porous media makes no ser(i;erbulence Eggmeerlng Scienceérgonne National Laboratory, Conf.-9404137, pp. 48—
already appeared ) [17] Travkin, V. S., Catton, 1., and Hu, K., 1998, “Channel Flow In Porous Media

2 The closure, the solution of those lower scale turbulent equa- In The Limit As Porosity Approaches UnityProc. ASME HTD Vol. 361-1,
tions in basic much more simple geometries is a huge area Iﬁfg] g'i)z.zzi7l\7/1_2g:r.1ino M. Hu. K.. Jones, S., Travkin, V. S.. and Cattor2003
r_esearCh at the present time in the field of turbulence ,theory'_ Te Js “Expv’arim’ental In\}esti’gatibn 6f Pin F’in Il|eat Sinlv< Effe(’:tiveness," accept‘ed to
(if not hundreds of people throughout the world are dying to find the 35th ASME National Heat Transfer Conference, 2001.
some meaningful clues. And this would be only a fraction of the19] Travkin, V. S., and Catton, 1., 1999, “Critique of Theoretical Models of Trans-

problem in scaled VAT description. Erd ASMEIISNIE Fluids Enginbering Conf-FEDSMEb- 7682 Franeco.
3 The time averaging in turbulence mOde“ng is connected tfbo] Kuwahara, F. and Nakayama, A., 1998, “Numerical Mddeling of Non-Darcy

do_main averaging. When the consequence of timelume aver-- Convective Flow in a Porous MediumProc. 11th Int. Heat Transfer Conf.
aging changed for volumetime averaging, then to what domain 1998 Vol. 4, pp. 411-416. o _
and to what field should Reynolds averaging be applied? It is like2ll Monin, A. S. and Yaglom, A. M., 196Statistical Hydromechanics. Mechan-

L. . « . ” ics of TurbulenceMoscow, Nauka(in Russian.
mixing the heat and mass transport in one “physical process[zz] Nakayama, A., and Kuwahara, F., 1999, “A Macroscopic Turbulence Model

saying “W_e ha\_/e_ the h_eat-mass transport averaging-QJ.” _ for Flow in a Porous Medium,” ASME J. Fluids Endl21, pp. 427-433.
Mathematically it is possible, but what is the sense of that physidg3] Masuoka, T., and Takatsu, Y., 1996, “Turbulence Model for Flow through
averaging? It means also that the enormous amount of knowleds%eé] Porous Media,” Int. J. Heat Mass Trans39, pp. 2803-2809.

. . Travkin, V. S., and Catton, 1., 1999, “Nonlinear Effects in Multiple Regime
and advancements obtained in turbulence theory could not be u Transport of Momentum in Longitudinal Capillary Porous Medium Morphol-

because they would not be applicable to problems formulated with  ogy,” 3. Porous Media2, pp. 277-294.

(volume—time) averaging in porous medium. [25] Travkin, V. S., and Catton, I., 1995, “A Two-Temperature Model for Turbulent
Flow and Heat Transfer in a Porous Layer,” ASME J. Fluids EAg.7, pp.
181-188.
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