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l.e. about coexistence of 2 temperatures in mixing...
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Abstract :
Testimony #1 was produced to “la Cour administeativAppel” in Paris; so the following correspondenc
iS no more private but open to anybody and carskd by anybody refereeing to it.

Pacs # :5.40 ; 45.70 ; 62.20 ; 83.70.Fn

Paper [1] was sent for peer reviewing and pubbecatin Phys. Rev. Lett.. It was
rejected after the process. As the peer revievantansferred from private to public
correspondence through the action to the CAZA ¢dhrs allows its publication.
Here are the discussions obtained through the m@ew. This may help other
scientist to get further information.

Of course, | am ready to answer other questionsd Amlid not consider the
objections as important scientifically. So the papas published in Poudres &
Grains, and | am still confident on what it con&ad

| consider Phys Rev Lett as partly using/(subjertdbbying
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Article PRI, LSKSI13 refusé en Aoiit 2002 par Phys Rev Lett : "Comment on
"Coexistence of two granular temperatures in binary vibrofluidized beds" by
Pierre Evesque

Je n'ai pas accepté considérer les reproches de Phys Eev Lett. Il a été publié sans réel
amendemant dans Poudres & Grains en Avril 2002 (P. Evesque, Poudres & Grains 13 (2), 20-26
(2002}, " Ave Temperature and other Thermedynamics Variables efficient Concepts for deseribing Gramular Gases
and’er Flows ")
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Comment on:
“Coexistence of Two Granular Temperatures in Binary

Vibrofluidized Beds” by R.D. Widman & D.J, Parker [1] [Fhys.
Rev. Lerr. B8, 64301 (2002)]

P. Evesque

Lub MSSMat, UMR 8579 CNES, Ecole Cenirale Pars
§2295 CHATENAY-MALABRY, France, e-mail: evesuue @ mssmat.cop.ft

Abstract:

Using two parncle species differing only by their mass, we demonsirate that a vibrator acts rather as
4 "velostar™ instead of @ thermostat, which megns that il Imposes a typical speed distribution with 5
tymeal width W toan ensemble of grains msiead of imposing a temperature TemV32. This allows 1o
undersiand the results described in the paper quoted in the title and to predict the coexistence of two
temperatures Ty and Tz, one for each species. Be my>my, this approach finds also that Ty>Ts, and the
srmaller the concentration ¢y the smaller T, and dhe larger T>. This cest a serious doobt on the interest
of applying the temperature ¢oncepl to granular dissipahve gases. We further describe some other

consequences,

Pacs # : 05.40.-a ; 05.70,-a | d5a8=n | B9.75.-k
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This paper is similar to the one published by Pesd Grains P&G 13.2, 20-26
(2002)
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Faper | 1] describes a very nice experimental work, which leads 10 puzaling physics; for instance, it
demonstrates unambiguously that the dynamics of # granular mediam made of two kinds of grains
and submitted 10 & vertcal vibration Is characterised by two different iemperatures in general, one for
each kind of grain; and that these temperatures depend on the proportion of each particle, This may

surprise @l first sight because it scoms to be in contradiction with clussic thermodynamics. However,

this comment suggests the basis for some possible stmple und ling of this ph The
main concept underlying this approsch is the fact that a vibrator acts as a “velostal” and not a
thermostut, which means that it imposes mainly the mean particle velocity so that the kinetic encrgy
it imposes depends on the particle mass. In opder to prove this point | we sti and congider the case
of a gas made of a single kind of particles; we find its iypical-temperature as a function of the
particle mass, keeping constant all the other parsmeters; then we investigate the mixing of two
species differing only by their masses; &t 1ast we turn ko the case of particles having different masses
and different diamerers, in the granuler gas regime. This will allow o conclude that thermodynamies
quantities and concepts, sich as temperatures, ..., might be more difficulr o ranspose to the physics
of granular gas and granular fow than it was thought enginally [21; this difficulty would come from

and ather thermod, twols, and (i) from the local

both (i} the difficulty of building th

dissipation which makes the granular gas non homogencous snd granular gas quantities non

conservative ,

S, let us start demonstrating that o vibrator acts a5 a “veloszat”, We consider first the case
of a granular gas made of a single Kind of particles of diameter d and mass m submitted to a vertigul
sinusoidal vibration (frequency f=ov(2r). amplitude a) imposed by a piston (mass M. horizontal size
L}, Be also nd the thickness of the & uniform layer when a=(l 5o, n stands for the mean coverage
tatio, 7.e n is the mean number of bead layers covering the piston af rest; and the wtal number of
particles N is: given by N=on(LAP, where o=1 is a coefficient of normalisation which sakes into
account the density of arrangement of the regular latlice used for normalisation. We assume ¢1) that

Lszd and Le=d/n, so thet lateral wall effects become negligible and (i) that MAL? s>mid? and M2

sque. Testimany #1, CL MSSMaton 23 June 201¢
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> Tyod & (Vi = Va), and as mixing shall smoothen the temperaiure difference. one expects then

that mixing (i) lets Ti=Ta, but that (i) Tj-Ts< Ty 0Ty, 50 that it heats up the lighter particies from

Tay 10 To=Tz+AT1 and cools down the heavier ones from Ty o T/=T) AT, in such a way (i) that

Ty -Ty < [Tia-Tagl and (it} that the larger ez the larger AT, while the smaller ¢; the larger ATy . In

particular, this analysis dees not conclude to the necessity of a thermodynamics equilibriom between

the two species so that one shall accept that T)=T; in general. Furthermore as the twe mean speeds

e now different V=¥, one expects that B and H; be different 100, leading probably 1w predict the

existence of some spatio-temporit] segregation.

Let us now compare the characteristics of two granular gases of ideatical particles under the

same excitation (a,m); as we want (0 investigate the gaseous case, we limit 1o small value of n and

rather large vulue of the acceleration ao>>g. We consider two granular gases with the same number

of layers at rest, so that m=n; =1, Be (my h} & (mg.dy) the particle- (mass , size) of each gas
respectivety. Bq, (1) prediets that their speed V) and ¥y can be different, duc to the difference
tietween dy and da. However, let us sssume that we are imvesugating the case of a pranular gas for
which the cloud height H shall be large, ie. Hesd, Ha>a, Indeed in this limit, one expects that
confinement is due 1o g, so that H seales as V% und that V scales as am, for 4 fixed set (n, d, m),
This imposes that dfa and gdi(a*e® do not play some important part. In fwm this assumes that
aldsg,

Ar this stage, it i worth noeting by passing rthat the mean free path ). is given by
le=(LAHV/[Nmd?] 50 that it scales as Hin and is independent of d. Furthermore, when =1, one pxpects
the gas to be not homageneous along the vertical so that | increases with the height in the clond; this
is due to both the action of local collision dissipation and 10 the mean confining presserg which

decreases when the upper layer (s approached.
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=20 mfd? so that the piston mass can be considered s infinite for collision rules, We assume alse

d by the same restituti jent & and

that head-bead and bead-piston collisions are both g
that we can neglect the air effect, Let us alse neglect particle rotation, stating for instance that the
rotation kenetic energy behaves e thee mean translution kinetic energy.

The equality between inertial muss and gravity mass imposes that the mass m of the
particles does aot play any part in determining the particle -trajectories and -speeds because it
intervenes neiher in the free-flight dynamics nor in the collision charactenstics, as far s the
reatitution coefficient € remains mdependenm of the speed V. This leads to predict thar two sets of
identical particles having the same diameter and the spme coverage ratio n and submitted 1o the came
vihration excitation will vibrate similarly even if the two particles have different masses my and mg.
the resritution coefficient being assumed the same, Lo €=6,, It means that these particles will get the
same typical spesd V | independently of m. So, V=V=¥; . Of course, V depends on the other
experimental parameters which are u, o, £ n, g. d. in particular. one expects that the Jarger a and/or

w the lurger the grain speed so thai dimensional analysis leads writing:
V= an Fle, n, dfa, pd/amp?| {1y

where [ is @ function of 4 dimensioniess parameters. Tndeed, as mim=1 and m/M=0 are both
independent of m, dintension analysis confirme also that Eq. (1) is independent of m. Furthermore,
#s the “granulur temperatare” T a8 defined s T=<mV¥T>= mV¥2, this demonsirates that a
vibrater fs a “velostat” instead of a thermostat, which means that it imposes a speed and not a
temperature (or  mean kinetic energy). Indeed if we consider two granular guses differing only by
the mass m) & my of their grains, so that my>mz, bl di=ds , n=na , 1= , 8128 and ay=o , Bg. (1)
mmpases V=Yg so that their temperatures Ty & Ty are different, their ratio being T/ To=m ;. Bui
the heights ) and Ha of their cloud are equal, fe, Fi=Ha, since ¥i=V5.

Let us now investigase the mixing of these two gases in proportion o & e, crteas] |

keeping n=nic)+Hne: constant: relabelling Tyq & Tza their temperatures when they are separated (T, ,

F Evesgier ¢ spburied i PRI

Accerding to the previows approximution, as far as n remains constant, ene shall expect that
mixing of two granulir gases made of particles of different sizes shall behave approximately as the
mixing of two granular gases of identical particles huving different masses. S0, one can compare this
prediction 1o the experimental results of paper [1]; indeed, in this paper the ratio of the two particle
masses myfmy is given by my/mgs(dyfdy} =(504) = 1.95, and the 3 proportions (c;.cx) studied preserve
the constancy of o, since the bead number [N Nz} satisfy (Nidi e Nxd2)=(700d %=( 1080d: )= L2 =
constant. o the above approach predicts thut T shall increase continuously from To, and T shall
decrease contmuonsly from 195 Ty to some limit when increasing ¢; from O to 15 it predicts also

that T/Ts<T) 5T, =195 Indeed, Fig, 3 of ref. [1] displaye these behaviours: the larger ¢y the cooler

T and the hotter T; (even if Tz does not vary so much, ie. Ty=2.6- 100 J}; this ie in agreement with
the previous approach. Furthermore as T remains constant abour, rather indeperdent of e, one can
wssume that Ty.= 25 « 1071 =Ty, and predict Ty ,=1.95 Tau= 49 « 101 . This is compatible with the
ohserved data of Fig. 3.

S0 our approsch seems o be i better agreement than the values reported in Table | of ref,
[1] and cast & serious doubt on the validity of the theories which have allowed o establish this Table,

On the other hand, our approsch is not able (o predict the constancy of Ta when oz increases.
This demenstrates that much work hus to be performed in this stimulating domain of the granular
gases. Our approach predicts the value for Ty, & Ta it 15 @ pity the expernimental results are not
reported in [1].

I thas upproach is valid, the seafing shall be valid inthe small ¢ lmit. So it shall be valid for
g=lt toa, which means for weightlessness condition, Taking To=25 - 107 =Ty, and density p=8 . (¥
kafm?, one finds the typical speed Vo=V, =317 167pd")) P=02 16m/is=0413 s This value
0.413 for Fis not far from the value .25 which has been found approximately experimentally for
granular gas of bronze beads with n=l in weightlessness. condition [3, 4] in u vibrating cubic

conainer. The difference can be explained by the difference of rectitution coefficient and = slight

change in 1he valie of n
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AL last, the main conclusion of this work: will be broeght by the following remark: this
simple approach demeonsiraies that granular gases violate the classic laws of the kinetic theory of gas:
this 18 because It is not easy to build o good *granular-mediim™ thermaostat so that the temperature of
a mixture is not @ well defined quanticy, A “velostar™ seams o be an easier wol when partcles ane
identical, but the concept fails at once when the granofor ges s mude of different particles of
different masses. So the real guestion is; {1} Are classic thermodynamics concepts and varinhles
efficient 1o describe granular gages? Or do these quantittes so inhomogeneously distributed that they

become meaningless® (2) How strongly local dissipaticn does perturb the problem make it

imhomegenaous?
Acknowfedpemenss. CWES ts thanked for partial fonding
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From: Physical Review Latters <prl @ridge.aps.orgs
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To: evesque@mssmat.cep.ir
Subject: Your_manuscript LSKE13 Evesque
X-UIDL: (LLNS K ESTMS@d ™!

Re: LSK813
Comment on **Coexistence of two granular températures in
binary=vibrofluidized beds™
by Pierre Evesqgue

D, Pierre Evesque

Lab MSShat

Eéole centrale Paris
52295 Chatenay-Malabry
FRANCE

Diesir Dr. Evesque:;

We received your Comment on the Letter by Wildman ¢t al. Although we make
no judgement of its scientific value, it does not appear to satisly our

crtena for Comments; consequently we are not able to consider it for
publication. A description 1% enclosed.

Basically the burden of a Comment should be 1o correct or criticize ina
collegial way points which are central (o the Letter, Extensions and
clarifications do not qualify, by definiten, for & Comment. In general
such work could appear as a regular Letter [if crileria are met) or a3 &n
article elsewhere.

Physical Review might publizh u suitable "Comment” on a PRL a& a Brief
Report. T cannot speak for those Editors but 1o be considered one probably
aeed only provide 3 manusenipt styled as a Brief Report rather than as a
formal Comment on a Letier in PRL.

Il you feel we have misjudged vour Comment, further considerntion can be

vesque, Teslimany #1, CL MS5Mat on 23 June 2011 pia5t3a
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given to a Comment which you feel meets our eriléna, Please eaplam.
Consider whether the text ol your Commment esds modification to make s
hasic pomnt €lear in the opening paragraphs.

Yours sincenely,

Robert Garisto

Sentor Assistanl Editor
Phyzical Review Latters
Email; pri@aps.org
Fax: 631-591-4141

LTRSS ST
lengthest-prl
revised 2000
PHYSICAL REVIEW LETTERS
Manuscript No. LSKEI3

Date 31 May 2002 First Author Evesque

We estimate the length of the LINE COUNT (PRL one-column linas)--
manuscript as shown to the right.
Guidelimes for estimating the length

are given at the énd, [Minoscrpts Title o
that we estimate to be within our

page limits according o o guick Bylines K
count formula are marked "0UK." and

are not given a ling count. | Recept date etk

If the designation "OK." s
given, of the line count is 460 or
less, there should be no problem PACS numbers i
with the manuscript’s length, Now
that any subsedquént mncrgase i the  Text (88 chers./favg. author ling|

length may cause the manuscopt (o (117 auhor lines 5= 187
exceed the page limit and, if the

manuscnpl 15 accepted, result g Egustions —
request for culs t the paper kta

luter stage. References 1D

Warmning: If the count 1% betwiten  Tables and Captions et
466 and 500 (or would be with relet-
tered fgures) there 15 o greater Frgure Captions -
uneertainty that the length limin of
four journal pages will be met, Figures (6 lineshnch) =

__ Your manusenp s being sent to

the seferees but & shortened vession
(less than or equal o 4607 will be

Evesque. Teslimany #1, CL ME5Maton 23 June 2011 p.126235
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Physweal Review B, 10:24 | 1082002 -0400, To_author LSKSIIE) EVESQUE Page | sur2

[elivered-Toe evesque @ mssmil.cop fr

Drate: Mon, 13 Mg B2 10k24:20 0400 [EDT)
From: Fhysical Review E «peeiridoe. aps.oar>
To pvesque@ nssmat.ecp.iv

Subjoct: To_author LSES IAET EVESQUE

He: LRKS13ET
Why the granalar iempersiice of banary vibrofluidzed beds =
dependent on grabnnd coneenirtion
by Pierre Evesque

Dr. Pierre Evesipuo

Lih MSSMaz

Ecole centrzle Pars
422495 Chatenay-Malabry
FRANCE

Dzar Dr Bvesgue: e I3 Sgg.rr.-n_x

The above mumscript bas been reviewed by ane of ur refiprees.
Comments from the repan are enckosead.

Thie Physival Review gdilors wish i accepl only papers that, in
addition to bamng sewentifically ewnd, sre imporient to the

field and significantly advance physics, The enclesed comments
atigrest that (hese Sceefdance ofiera are not med.

Yours sonecrely,

Iomnna Papadiuk
Assistanf BEdilor
Physical Review E
Emil: prelaps.arg
Fax: 631-591-414]
b dpre ups.ory

H,l:pnrl! of the Referee -. L.EKHJ.HE:’EUEQM

Thes ertlcle discusses the issue of energy equipartition in valwamd
granulor gases, Wargues that In goneral, one should so capect cqual
ternperatures for different tvpes of particles, While this conclusion is
correct, | found this ariche © be confusing. The article is poocly
writicn, Motations are nol property. defined, and the arpuments arc not
explained in & clear fashion. Many felevimt warks sre not refered to,

The issue of energy cquipariition discussed deserves & comment, Bevasss
granular gases are highly dissipeinve, there s no reason o expect that
velocity Muctuations (vpleally called “granolar empesare™) of two
diiTerent components of o iy meiores see the same. However, this i
releroed bo as “puzzimg Physics”, or, "contradicton of

thermodynamics”. | am nod awire of published works soppesting (hat
“pennalar tesiperilizes” of components of o mixtire should be the same
The skim reference list does not mclode referenses 1o such claims

I ti4 current form, the omicle 5 & cross berween o comiment on the

ahove inpsconee puon, a commeni op the ledier of 'Widman and Parker, and
pew resemieh Algugh the discoson may be wilsable, the presentiton
mavkes it of little wse for researchers in this field, A much more
comnehensive preseatation. whene the weas decussed ane filly
developed, including to generic mew prodictions, ther can be jested
agninsl theory, eaperiment, or simulations, is recommended. [nils
currenl foem, the ankcle docs nol comtain suffeent new ey, anil

P. Evesque, Teslimany #1, CL MS5kat on 23 June 2011 B1271233
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Physical Review B, 1024 | Z08/2002 0400, To_auther LSKS13E] EVESQUE

therelime, B5 mol suimbde for publecatin
FORM: B WS TNDR - AL PR B i rmina

avwstncdpds. i-pne
Meviged 305
PHYSICAL REVIEW E

Ter our Awthors:

In weder i improve the goathty of papers published in PRE. we are
seading the following note o referees. Béconse ihe message offects authors
equully, we enclose this copy for your infiamation,

The Editors

Chesge: 10 Referees

Phiysical Review E is cammitted (0 the dissemination of work of high qualary
andd hng grovwn Seadily in siee pnd stature. We wich o maintain and lmpsrove
the prarnnd’s appeal and ot the same time conirol its burgeoning growth,
Yeur role as a referee is crifical to-our success in achioving sricler
aceepianca criferin. We da not wam) e publich papers thut are merely new or
free from emor but rother these that contalbe sabsimnta] advancement of
previcarsly esgablished knowledge o report significan tew developments i
the Tiedd

Whan eviewing this paper we appeal 20 you to write an incigive, well jushfied
reporl thal evaiuiies the followimg entena:

* Dogs the paper contuin new resulls that signilicamby
ahance the fizld?

* s the paper interesting and of high queling?

= Tl paper |:||=ur|y willen in i shybe conssteng with
accepted stondords of scientile weiting?

* T4 the purpaese of the work clearly stated, i relevancs
Ievather racenl research explicitly demonsitated?

* Dioes the contenl of e paper jestify its keagth?
W appreciate your cfforts and thank you Tar your belp. Your comtribution as

2 epresicnihos releree o mainain gh standirds will benelil not only the
joumal but the scentifie communily as & whole.

The Editors
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