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Jim Baggot, Quantum Reality: The Quest for the Real Meaning of Quantum Mechanics - A Game of Theories, Oxford

University Press (2020). p. 72-73.
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[Les dieux avaient condamné Sisyphe a rouler sans cesse un rocher jusqu'au sommet d'une montagne d'ou
la pierre retombait par son propre poids. Ils avaient pensé avec quelque raison qu'il n'est pas de punition

plus terrible que le travail inutile et sans espoir.

Sil'on en croit Homere, Sisyphe était le plus sage et le plus prudent des mortels. Selon une autre tradition
cependant, il inclinait au métier de brigand. Je n'y vois pas de contradiction. Les opinions différent sur les
motifs qui lui valurent d'étre le travailleur inutile des enfers. On lui reproche d'abord quelque légereté
avec les dieux. Il livra leurs secrets. Egine, fille d'Asope, fut enlevée par Jupiter. Le pére s'étonna de cette
disparition et s'en plaignit a Sisyphe. Lui, qui avait connaissance de l'enlévement, offrit a Asope de l'en
instruire, 4 la condition qu'il donnerait de 1'eau 4 la citadelle de Corinthe. Aux foudres célestes, il préféra
la bénédiction de 1'eau. Il en fut puni dans les enfers. Homeére nous raconte aussi que Sisyphe avait
enchainé la Mort. Pluton ne put supporter le spectacle de son empire désert et silencieux. 11 dépécha le

dieu de la guerre qui délivra la Mort des mains de son vainqueur]. Le Mythe de Sisyphe — Albert Camus.
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(2018) g3 5dly 2l A o 1k g 233NN (01 1) Al bl fegengo 58 b (1)
(2) Lucretius. On the Nature of Things: De rerum natura. Anthony M. Esolen, transl. Baltimore: The
Johns Hopkins Univ. Pr., (1995).
(3) Albert Camus, Le Mythe de Sisyphe, « cycle de I'absurde » Gallimard, coll. « Folio Essais » (1942).
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“In almost all textbooks, even the best, this principle is presented so that it is impossible to understand.”
(K. Jacobi, Lectures on Dynamics, 1842-1843). I do not choose to break with tradition. A very interesting
“proof” of Maupertuis' principle ® is in Section 44 of the mechanics textbook of Landau and Lifshitz
(Mechanics, Oxford, Pergamon, 1960).V. I. Arnold, Mathematical Methods of Classical Mechanics, (1980),
footnote on p. 246.
V.I Arnold, Mathematical Methods of Classical Mechanics, Springer Verlag, 1980 15, .3 u\.{é 5 gk lin
“In almost all textbooks, even in the best, [those of Poisson, Lagrange and Laplace], U‘L‘Bw u\.,aﬁ)\ ua'J\
the principle has been so presented that, in my view, it is impossible to understand” .
oS & Carolus Gustavus lacobus Tacobi bl acsl oS g\ «Carl Gustav Jakob Jacobi (1804-1851) u\.f@
() Karl gle 3 jan 3 o0 acel 5, 187 LasMl &l
C. W, lasel olla>d s, 1843-1842 (gl ol Ll (3 @“*"‘5{ faslg Cdll ileladl Ji o5l o2
C. G. J. Jacobi, Vorlesungeniiber Dynamik. Ed. by A. Clebsch, Georg Reimer, Berlin (1866) - Brockardt
Jacobi's lectures on dynamics, edited by A. Clebsch; translated from the original German version (1866),
by K. Balagangadharan; translation edited by Biswarup Banerjee. 2™ revised edition. Texts and Readings
in Mathematics, vol. 51. New Delhi: Hindustan Book Agency, (2009).
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*Pierre-Louis Moreau de Maupertuis (1698-1759)— (s 5 s oo 6 4l ) Tl acd Joo j\fvﬁ)\, t\j Sery £y
P. L. M. De Maupertuis, Accord des Différents Lois de la Nature qui Avaient _]usqu’ici Paru Incompatibles,
Memoires de I’Academie des Sciences de Paris, (1744).
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:George Sarton (1956-1884) sl 7o [DLJ\ éJ\S b calll Isis 42 (,2) colo] A~§\.c \aj,\; 8)153}\ Lopd & o
(Sarton, 1950) « 35 me 7 e 3 se 2o [LS1] 1209 ple [ ST o 1 (3 [ gl ol 2] sy LT
A A ) O A 3 Ay IS e o ot s e W0 2l 5 A e 1
((Rashed, 1986) sl L3 o5 G (1213-1135) goslall alal)

ey gl A o B ) G ) gl i e 1 e STy i)y bt o Tl i o
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sl 15 Y g Vslall e (RS Vslall Yo oy el (¢ gl ol Ui U 35 S oy Y1 0 o
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besd Oy Ve (saglly o SU il C‘L\“ 4:\:{3 Cornelius Lanczos (1974-1893) s 5 50Y usds ,§ o553 WL i, (8)
uK‘“) Je}“ el \,w i) )Lj u\ (Lanczos, 1970) "The Variational Principles of Mechanics o\ A:J, A sl

(’dyij‘v}x d,d éj;),\.ﬁo.\u)kij u\ L?-Y) 1744Mru GJ““’WQ\ %wccdyjyu&w

Lalelell (f\"'“"’m) Sleg) Ja rU'a.ﬂ S5 Jaall Tl Al &l “Mécanique Analytique” 4:\:53 tfay P ¢ r}.u \S'(9)
550 5Y BloYl 1Y daall) gl bl Abal Slads 36 la alls 4a (S ((Lagrange, 1788, 1811, 1815) s
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Joseph-Louis Lagrange (1736—1813) é\fy Sohci e 3By ke el g2 ! Sl o Lo xS Vi ﬂ
[Giuseppe Luigi Lagrangia u‘:" 28 (W Wlay)) — N5 Liys gt e s daag Yy welel ¢ )b S &yl
" 1oy 8 o sleln e oF

<[Christianus Hugenius (1629-1695)] «Huygens — jous» 52 35! ] izﬂ\ de 83 t\fy dualy BT 1312
Ky Hsde A 553 L T o “598” H=THV il o Kids (vis-viva &d) 553) )l Lo o pus dauall Y
(%05 3 dasuo) 358 gﬂ (~U'a.~J\ oo Y bas &) 550 Huygens — jous Lais T gl sé\j's«Y Jé e Er0s o
U 8715} 8 ad S0 H DAk &asl) £18Y ) o (e 00 Sl o b i 18] dogains) s U o) Ll
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s (1744) Joly s5ixse Jst o sl ([(1834) ;y5laln ssmy ey (1811 (1788) @9\)3 a5 3V ) Tl Lolall sl
1 (984) s x 58 W 5aley ((1637-1621) &8 i 58 S5 (1 (1657) Led il usS™((1707) aY (b
(1221) g o JJM J\S&sw A Jlet5 (1209) (oo sl et S 52 U ¢ 38 IS0 L1l (1021-1011) Adl o iy
3.) 43 o B30 oSy (5.3 500) o5l oSl Wyl oz 1 (870) 53 1 b sl &w il oeiie C’J]

(1939) .S o b o (1837) Y Frd (5l dgae o) adl je Bl Jo %oox L 5\) (10)
el Gl G 82)l5) J"’J las

P. L. M. De Maupertuis, Accord des Différents Lois de la Nature qui Avaient Jusqu’ici Paru Incompatibles, Mem01res de

I’Academie des Sciences de Paris, (1744).

R. Dugas, Histoire de la mécanique, Neuchétel, Editions du Griffon (1950). A History of Mechanics. London: Routledge &

Kegan Paul (1955). Reprinted New York: Dover Publications, Inc. (1988).

L. Euler, Methodus inveniendi lineas curvas maximi minimive proprietate gaudentes, sive solutio problematis isoperimetrici
lattissimo sensu accepti, Lausanne & Geneva: Marcum-Michaelem Bousquet, (1744). [Trad: «A method for finding curved lines
enjoying properties of maximum or minimum, or solution of isoperimetric problems in the broadest accepted sense»]. In 1913,

Swedish Mathematician Gustav Enestrém completed a comprehensive survey of Euler's works: Euler Archive - Enestrom Index (maa.org)
M. Plank, A Survey of Physical Theory. New York: Dover Publication, Inc (1922). Reprinted (1993).

C. Truesdell, Tragicomical history of thermodynamics, Springer (1980). C. Truesdell, Fundamentals of Maxwell's kinetic

theory of a simple monatomic gas: treated as a branch of rational mechanics, Academic Press (1980).


http://eulerarchive.maa.org/resources/enestrom/
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John Freely, Aladdin's Lamp: How Greek Science Came to Europe Through the Islamic World, Vintage (2010).

M. Gueroult, Leibniz, Dynamique et Métaphysique, Aubier Editions Montaigne Paris (1967).

Rob. Iliffe, (1993) Aplatisseur du Monde et de Cassini: Maupertuis, Precision Measurement, and the Shape of the Earth in
the 1730s, History of Science, Vol. 31, (4), p.335-375.

Mary Terrall, The Man Who Flattened the Earth: Maupertuis and the Sciences in the Enlightenment, The University of
Chicago Press (2002).

Pierre-Louis Moreau de Maupertuis, Essay de cosmologie, [Editeur indefinit] (1750).

John Casti, (1998) Easy does it, NewScientist, issue 2133. pp: 1-2.

R. Rashed, A pioneer in anaclastics: Ibn Sahl on burning mirrors and lenses, Isis 81, p. 464—491, 1990.
Kwan, A., Dudley, J., & Lantz, E. (2002). Who really discovered Snell’s law? Physics World, 15(4), 64—64.
@johnmdudley : https://twitter.com/johnmdudley/status/1216398920408018948 (retrived: 12/01/2020).

George Sarton, Introduction to the history of science: I. From Homer to Omar Khayyam (1927), II. From Rabbi Ben Ezra
to Roger Bacon, pt. 1-2 (1931), III. Science and learning in the fourteenth-century, pt. 1-2, (1947—48). 3 Vol. Baltimore
Williams and Wilkins (1950). [“George Sarton, a pioneer in establishing the history of science as a discipline in its own
right. Founder and editor for forty years of Isis, the field’s primary journal, Sarton also wrote what many consider to be one
of the most definitive works of this infant field, the mammoth Introduction to the History of Science.” The three-volume,
4,236-page work consists of five tomes, in which Sarton reviews and catalogs the scientific and cultural contributions of
every civilization from antiquity through the fourteenth century”. E. Garfield, (1985). The life and career of George Sarton:
The father of the history of science. Journal of the History of the Behavioral Sciences, 21(2), 107—117.]

R. Rashed (ed.), Sharaf al-Din al-Tast: (Euvres mathématiques. Algebre et géométrie au XII° siecle 2 Vols. Les belles lettres.
Paris, (1986).

R. Rashed, Sharaf al-Din al-Ttsi: (Euvres mathématiques. Algebre et géométrie au XII° siécle . T. 1 et 2. Paris, Les belles
lettres, (1986). Traduit en arabe par N. Farés: éd. "Centre of Arab Unity Studies" Beyrouth (1998).

R Rashed, Entre arithmétique et algébre: Recherches sur 1'histoire des mathématiques arabes Les belles lettres. Paris, (1984).

R. Rashed, The development of Arabic mathematics: between arithmetic and algebra, translated by Angela Armstrong,
Boston Studies in the Philosophy of Sciences — BSPS, Vol. 156, Kluwer Academic Publishers (1994).

Sharaf al-Din al-Tusi (1135 - 1213) - Biography - MacTutor History of Mathematics (st-andrews.ac.uk)
https://mathshistory.st-andrews.ac.uk/Biographies/Al-Tusi_ Sharaf/ (retrived: 22/12/2022).

C. Lanczos, The Variational Principles of Mechanics, University of Toronto Press (1949). [dedicated to Albert Einstein],
followed by 1962, 1966 and 1970 editions. All page numbers will refer to the fourth edition, Dover Publications, Inc. New
York (1970). (He cited: A. Mayer, Geschichte des Princips der kleinsten Aktion (Leipzig, 1877)).

J. L. Lagrange, Mécanique Analytique, Imp. Mallet-Bachelier (1788). N*!* ¢d revue et augmentée par I'Auteur (1811). Avec
J. P. M. Binet 2¢ éd. Imp. MME VE Courcier (1815). Editions Jacques Gabay Paris (1989)

Jérdme Perez, Théorie des champs, Les équations de la physique : mécanique analytique, relativité restreinte et générale,

mécanique quantique. 3¢ édition. Les Presses de 'ENSTA, Palaiseau (2022).


https://twitter.com/johnmdudley/status/1216398920408018948
https://mathshistory.st-andrews.ac.uk/Biographies/Al-Tusi_Sharaf/
https://mathshistory.st-andrews.ac.uk/Biographies/Al-Tusi_Sharaf/
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alt Loty Kby ) 06153 eshod Aol Bglas 8 Tl Ui Ly 1 J3 dens 50 Dl
ol 2% ] Daddls 5 (1783 — 1717) s g o sm S 1777 5l 3409

DS 3 (1814 = 1730) yuup Lt 5 (1794 — 1743) go ;555 5 Y5 S [(@’)ucs@l\
. CU. 4o j\.o.o J& Byl o )\aj | L) )30 N “Nouvelles Experlences sur la Résistance des Fluides”

ol ol ) s o) Kooy pad) “Dands” s 3 de sdas sy ST L
B Slower i o bl o gl doslis o 52004

u“w\ el 520 ()
156 ety Ol i 3l plaal ol 1 Yy o7 A 8l s L sy e A oy LYl 2
2 bl sl Sl Sl & o o ol 1Ol e il il o Sy e ol (0
il o Gl oYl i o) &Y Llug ¥ 3 ade o cslally sl O e lased o)l 1 LU e L)
The Mathematics Genealogy Project ) — ool Jl il ¢ 5 e iad ey e saall a3 0 36T (©I0L)
of S ol Jo old¥) le 3 bl ol 351 45 S (The Academic Family Tree ® — &es63 26l 5,44,
— Q2204 & 3 A KT L wmzuu.mrwwusyuwy—Jui\‘fdwc,@_s(»\j) Jee 3
SN Dl ae o Aot o s s T ol #30) Disuidl) Slie 22y i) ol 5 ¥y 5531 “laglly 310
Ry Bl dy\)u & ) sy Jl ) s 3 oS (3 sl S0 (34 (8764 ) BB cpsall) a5
O 3 38 IS smy Bola Lo sl “Aedlall 5531 T il 5530 14l s b 2t y gl g gl
S sl s ade Jloy e Yy Guslld) Al ) ) loey s 3 gl lal s, (sl
764 K 15 lby o o g e CSIE (gl W A 3 e e e sy oDl U8 s s 3) (ploy st
GG Dlorlws 21 i (o 5T pame 38 ¥ o i) iy A e Al A iy Al 36y 2w (2
Wb 55 () o Blly Bl ) b s 5 o) A B S ey ol il ) 20 sl o sy
Gl 1 Y LB Sl (3 W o 108 L L 12 (8] .2 874 B (53, (5,5 ) ol 5T )2 650 & oo ¢ 3150
e I o Caame B M 85 ) e oS 5 LY gt wb G geaE ST 38 (sl (1270 - 1203)
025 s Lol 60 1942 sl LY Sl 3 Yl 5l LIS <->A;L‘m e (i946 - 1876) Ly g 22 i e ey
Lo ool el B30l o4l 23 (5201 (@.1882 ol August Miiller (1892 - 1848) Jse sl SUY 5 22l 3 oo

T3 32 (2013-1962 « ol ol 315 Jls o olaigd (@) 0 dos?y (1) oy gl sl el (31 (el O
(BI c&zodasdl o il (3l Sl W U sgal)y Deutsche Morgenlindische Gesellschaft (DMG) WY1 ¢y adul) daz)
(1942) 3,206k Jy3 1 dasle (LY Sab 3 oW g5 b3) 13m Liag ] 2 650 dew e 2o LLY (.»,a e 21 ()
(1882) dop gl daall ¢ pllall oy il 500 i N Db (3 Y 50 1270-1200 (ol oy ae T el T ) @
Ibn Ab Uaybia, Amad ibn al-Qsim Muwaffaq al-Dn Abu al-Abbs (1200-1270). Auteur du texte. / Ibn Abi
Useibia, herausgegeben von August Miiller. (Konigsberg i. Pr. 1884).

(a) https://www.mathgenealogy.org

(b)  https://www.academictree.org

#) D'Alembert, Jean le Rond (1717-1783); Bossut, Charles (1730-1814); Condorcet, Nicolas (1794-1743).


https://www.mathgenealogy.org/
https://www.academictree.org)/
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:[Mathemagicians (ERF)] 8 ed) el b ) 3308 o —dom g Y (s 02— ol 2407
(1988 - 1918) ol 3,laddyy Sy Ll (1783 - 1717) il 5,65 Jo¥1 Sl Joaill 3
15 ) slal sy (51 (1920 - 1887) olorsls lady oo 88 53 o 35 (Y anls Jailo
20,4l S ol dj}— r’*fs &.L.J\ Three Musketeers— i\l ol ) Cany u'a;.:“
(OIS > L1 (1955 - 1879) b &l 5 5T (5 b (1943 - 1862) & dd ain>

s o S il sl ) 2 S e ALY Ak gleslely (Sllis) o ol pepae) SIsLaST 8 ()
@ﬁ\ é\:ﬂ\ o J\S\‘e fZ}S‘, 26 [y ] leany dns® a4ls o yaall ol olsY s sae J;Y\ Sl il gé;\ RYSR RS
4 f,\foﬁ “ J6ll” SN drwglid “ir J@Xm Jaso 3 4 wja.p;\ L;\ u\’f\‘b EJ caYolas L2238t ;J.{J;.L loocs \}J i Y
i b lrslely oy LEtav! am Lipss L o 511 0L ) ol
v& Y] Q’\,\.\ ;L; 2 Va\j gﬂ-{u“ L{uﬂo chj\ OBM MK-.M) 9\)? s dla MKQJ\G J«b :\s)zw S e ‘O’j’ ;«Lj »
codaii j 3eg (oB3 L} \j»_lal\ :\Aﬁh}\ L) o Bac sl s u»{d\‘«h\ JAK(}\& (o] RSy W Laalad) J.p
D, gl i s — . BEST[ petd) Sllas MU 0] o
«While asleep, I had an unusual experience. There was a red screen formed by flowing blood, as it were. I was observing it.
Suddenly a hand began to write on the screen. I became all attention. That hand wrote a number of elliptic integrals. They
stuck to my mind. As soon as I woke up, I committed them to writing ..» — Srinivasa Ramanujan®
(‘*‘\: Q\cré\ oda o)\..u}\ o4.1914 f\" & A£) ) )slae L3 { B ébj‘})\ o u\pjé Cj L} adls (,LM Q\pyb\) Je
do 3oy bt Ao Slbsladl o8 e Bl g 33 52 1 Sl (Lo BN bl s ¢ ol s
gyl T Je .Slwss (Tata Institute of Fundamental Research (TIFR) el W) Sl “BE agas L5 o0 1957
(4’2)&3 gyl 2 jls U5 0 1987 pouad 22 3 0,85 €. Sy i a)ly el 1976 ol wd sqall Sl 7o e

- ©9(1915) plesiely Saos oy LUl £ (1905) Gpal) ) s dad e tal) A Al 3 e Ll (R)
e S bl avasny 3L oo 5 480 (1905) g spld s £ ey ladl sbyally L esi 5l sl 5 (1920)
@ il )b sl Jor I iy

oMl 33,01 Shlas Wy SluldW! gy 2l e jolias
Euler-Ramanujan-Feynman (ERF): Leonhard Euler (1717-1783), Srinivasa Aiyangar Ramanujan (1887-1920) and Richard
Phillips Feynman (1918-1988).) Hilbert-Einstein (HE): David Hilbert (1862-1943) and Albert Einstein (1879-1955).5)
(DA): abreviation for Jean le Rond «dit» D'Alembert, (1717-1783) not for David & Albert!, see the similarity between Euler-
D'Alembert (EDA) and there relationships with Joseph-Louis Lagrange (1736—1813) (L). Einstein-Hilbert (EH) [E, first!]
relationships with Philipp Lenard (1862-1947) (L).” [The Musketeers more than threes!]
The Three Musketeers by Alexandre Dumas (illustration of the Calmann-Lévy edition, Paris, 1894).
1. Belal, Baaquie, E.Willeboordse and Frederick H. Exploring Integrated Science. CRC Press (2009).
2. Srinivasa Ramanujan (http://ramanujan sirinudi.org)
3. K. Srinivasa Swayambhu Rao, Srinivasa Ramanujan: Life and Work of a Natural Mathematical Genius, Swayambhu/self-
born genius, Springer (2021).
4. Robert Kanigel, The Man Who Knew Infinity: A Life of the Genius Ramanujan, Charles Scribner’s Sons, New York
(1991).
5. Einstein and Hilbert’s Race to Generalize Relativity. Who got there first? | by Jorgen Veisdal | Medium: published in
Cantor’s Paradise (CP), retrived Jun 23, 2019.
Jorgen Veisdal, Einstein and Hilbert's Race to Generalize Relativity Kindle Edition (2020)
6. Leo Corry, Jiirgen Renn and John Stachel, (1997), Belated Decision in the Hilbert-Einstein Priority Dispute. Science 278
(5341), 1270-1273.
7. Bruce J. Hillman, Birgit Ertl-Wagner, Bernd C. Wagner, The Man Who Stalked Einstein: How Nazi Scientist Philipp
Lenard Changed the Course of History, Lyons Press [Guilford, Connecticut] (2015).


https://books.google.com/books?id=WSf1FFOTIYEC&pg=PA38
http://ramanujan.sirinudi.org/
https://jorgenveisdal.medium.com/einstein-and-hilberts-race-to-generalize-relativity-6885f44e3cbe
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“Ugoadl” danall ) (ool (s ol slad 3 [Ga>- Y] cplezi] o 01(1912-1854) 4K, S
sl oS b wpa ) gpal) (Ll 5 [5], »}ﬁoﬁwﬂcﬁ o S

@) S35 ool g all 2] Jgr (1 o) dasill oggie

3y [Ale] ole ol aab angn (S ol 100 [ o J5T] 1" laall Jol” i (sl o €20 0 3 el f,;\ ij; Sl en)

(2006) 535508 o 2y Oy pnie cAgaid) Wswfuu@ ey Sy LT G Al e S,
«The alchemist Fulcanelli was the most famous adept of the 20th century, the man who achieved the Great Work [less]
than 100 years ago, but his true identity has always been shrouded in myth and the uninformed speculation ... until now»
From: Patrick Riviere, Fulcanelli: His True Identity Revealed, Red Pill Press, Ltd (2006).

Original Book: Patrick Riviére, Fulcanelli, Sa veritable idenité enfin révélée, la lumiére sur son ceuvre, Vecchi, Paris (2000).

:(wordpress.com) .J) . T 6\ A \.)L.uj — saldl uys gy ujd\) R ubmjs oy oly @
Johan Dreue, Fulcanelli, Newton et Albert Einstein : la legon du Maitre — Les cahiers de 1'Arl (wordpress.com):
https://cahiersdelarl.wordpress.com/2014/01/09/fulcanelli-newton-et-albert-einstein-la-lecon-du-maitre/
WL e Olidaie Ls 5 )5
Fulcanelli, Newton et Albert Einstein : la legon du Maitre
Publié le 09 janvier 2014

Le feu Mercuriel. On a souvent opposé Henri Poincaré a Albert Einstein dans la genése de son systéme ayant aboutit 4 la

formule graalique que tout le monde connait, mais il serait plus juste et plus stir de citer son prestigieux prédécesseur sans

lequel il n’aurait pas élaboré son concept de relativité restreinte, & savoir Jules Violle alias Fulcanelli. (..)

Cette hypothese est née d’'une remarque de J. Stachel : en 1895 Einstein, 4 I'age de 16 ans, s’était préparé pour I'examen
d’admission & 'ETH (Ecole Polytechnique de Zurich) en étudiant la mécanique sur I'édition allemande (1892) du livre du
frangais J. Violle.

Stachel également a remarqué I'importance de ce livre : « Violle fonde son traité de mécanique sur le principe des
mouvements relatifs en méme temps que sur le principe d’inertie » (p.259). Pour cette raison selon Stachel « le principe de
la relativité en mécanique classique était trés probablement familier a Einstein » (p.258). Einstein lui-méme précisément I'a
noté en marge de la page 90 qui correspond aux pp. 99-100 de I'édition francaise (définition de la masse et énoncé du
principe F = ma). Cependant ni Stachel, ni aucun autre ne semblent avoir prété plus d’attention 4 ces faits.

Selon la plupart des gens le travail d’Einstein en 1905 est considéré comme celui qui a marqué la naissance des symétries
en physique théorique. C’est seulement aprés Einstein, quand les principes d’invariance se sont imposés au premier plan de
la scéne, quon s'est intéressé au role du principe de la relativité en mécanique classique, en faisant les prémisses de la
premiére loi de Newton. Ce prétendu primat d’Einstein vient confirmer la grande importance que le texte de Violle a eu

sur lui, en ce sens que celui-ci semble avoir aidé Einstein a concevoir la théorie de la relativité restreinte. (..).
-l oo =
(JE S e L) 550 sz LTy olbled &ys ((wordpress.com) . J) . V. sT.J) oy’

Les cahiers de I'Arl (wordpress.com), c’est un blog rassemblé les activités et les ceuvres de Johan Dreue (par ex.):

Johan Dreue, En Héliopolis, Portrait d'un adepte du XXéme si¢cle. (Premiére partie) Le Lys Rouge édition (2015).

Johan Dreue, & 'ombre des chénes, Portrait d'un adepte du XXeéme siécle. (Premiére partie) Lux in Arcana édition (2015).
Johan Dreue, & "'ombre des chénes, Jules Violle alias Fulcanilli:

Vol. 1: Les données biographiques & récite scientifiques,

Vol. 2: Le canevas & les références croisées,

Vol. 3: Les piéces du Finis Gloriae Mundi le testament,

La trilogie d’un mystére annoncé (Le Lys Rouge édition & Lux in Arcana édition).

Johan Dreue, Fulcanelli, I'alchimiste de la République. Le lys rouge édition (2016).

Johan Dreue, Fulcanelli, I'alchimiste de la République. Lux in Arcana édition (2019).


https://cahiersdelarl.wordpress.com/2014/01/09/fulcanelli-newton-et-albert-einstein-la-lecon-du-maitre/
https://cahiersdelarl.wordpress.com/2014/01/09/fulcanelli-newton-et-albert-einstein-la-lecon-du-maitre/
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J. Violle o8\ LS e (1892) LY dadall Jo KK

1 (259 o) « Uyl s o B a3 Radll ST e o KOG oy T g g 1S Mo 8T ) i Jsiles L
G o) sy o b ais leadl oY (258 0) «uleadd 3 e byfle ASw SN GEC (3 Rl s 5 Jaslend oy
oo Yy Jsdlens ol s Y S gy o(F = ma L) loy 2SI i) e Aadall 0 10099 il e 33155 31 90 il ol

L o3 plaavt e gl 518 5T

G AW goolin Sl Loe bl i Lo g Lol gl 3 LB 83, o Ledle & 1905 5l (3 sl L mm W) (Ll 3,
LAY lsheY Dogeil) &9 el 035 [auis] o) a8 096 el Jag A SV EGICL (8 dadd) T 0 (88 Lol el et
() Aol il &l |y o ol el Ll s oo cade [adlis] Jp ad 67 313,800

{3 W 5)le o po 3l am e (2) Grald) o yglaadl o 5n ((2) 3l Ll el o (3 el ol LsY) — byl )
(e aladl oy el T 5,31 Sl o elgun SN s 55

(1) mald) 2y (2000) S o dd ) oY) dadal) o] iy Syl ST (2006) AW Andall dosie 3555 e J) 0 5laM) jud
€T oy o8 sl bgraiall o iy Sl o asdse Jo C.a\jl\ 2 g5 (33 s 5p plyr il QJ u'af{oujhi\ 03B ol

Olr 1999 Pl & (1982-1899) adensd rer s Zun SI LY 850l (Jasd . Juidly 2000 & LSI 25 43 (1. 1990°s) o8 a o 220 e
O] o sl Jgr bogriae jo 3 o [80] ol 3 15,2 AT o sl )0

oM 52 g\gﬁjb = o s S 2l oy Aus J ¥ sl (bl sl o\.u)ﬂ\ L;Lc;\ J8 e r,\p'a....l\ Y o (fl. 1920%s) Qg\ﬁ;
{Aas S} 2l U slas JWly U 38 e g2y e ol ) Lo gl Loy M U ) ¢ 03 1l ST

SIS0 Iy Y Sl gl s o oY1 Vs (Bugene Canseliet (1982-1899) 4oy ks Patrick Riviere (2021-1952) iy eyl
Julien Champagne (1932-1877) ;)lsss s fL"JM - 0345 Ee [ Louis Jules Gabriel Violle (1923-1841) Js Ji & Jyz 55l s2l)]
1926 "Le Mystére des Cathédrales—ol3l,ust) " —coudl ol 3 A:JL::;'\ dpe )l e bl el ea®h sl S sy
2l slaeY) 43 8 "Finis Gloriae Mundi—{l a2 HL" 1yl B bLS” 1 1871929 "Les Demeures Philosophales—&u. Y\ (s,l"
O 5 9 35 b iy e ] S 5 o 0 3 b g s e 391 nd ST 35 5

e 4l 8 Sy (1960) Y 23y B oS LTS 0o Yo ol o ot

ot [y 322 o ST (1998) gy dnole Sy pie ol il iy g 31l o ol il B (Sl 5 olag OIS0 550
Jo okl St 31 e 51 ohaas a0 ST 3 830 )y A0 Ol ) etk 348 pole o oyl e

(1258 Goall Cod] 19 o «lal3 4l LT Gy all o My ¢ 06 4 lly U3 pusds DS Ly byl (3 el 50
«It is well known that important elements of Einstein’s distinction between principle and constructive theories are found

in Poincaré’s writings. Two lesser-known sources that may have influenced Einstein’s emphasis on the role of principles in

physics are the writings of Julius Violle and Alfred Kleiner, which he is also known to have read. » p. 19

(1895 ple 3 ETH (3 Jpsdl) lote¥ peiamll oLl 2SS BGECL (3 il T &1y o ol [ 55C oF o) cpe] o [l i Syl
02 QU ) e 4] BLoYl "Rl S " o Sluaiadl) asblas 3 Uy 2251 (Bl 3 ol g S n AU Bl ey

[1259 dmiall Cv] (108
«[By this time] Einstein [presumably] was familiar with the principle of relativity in classical mechanics. While preparing
for the ETH entrance examination in 1895, he had studied the German edition of Violle’s textbook. Violle actually based
his treatment of dynamics on the "principle of relative motions" together with the principle of inertia.» p.108, From:

John J. Stachel, Einstein's miraculous year: five papers that changed the face of physics, Princeton University Press (1998).
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Jean-Paul Auffray (2022-1926) d}j‘ Jg ol J ¢ L:; | laslyl pgs ub{g 359 s J»;Y éL:;\ weges
Jaadt 5\,&\ oo Ble 20 (o3t 531 i \on) Aol SIS Lol el — oWy usld) Laill -0 (030 )QM\@J 1]
b s 3 lab ks aall edlo dale Sl 3 S F askl ey il do Y b Sl g;,.mf
colall Al ‘ﬁ KKe) bl (s cpils VKM aalin) Jo L) g <fwa.U 3 ale ul,u(fﬁ,ﬂ) f,uJ 3o day cdyly

san A9 o3 Oliars 3 ued) SOl o 58 b o ((LPA Il Tag et cpgla ) o aemgll sl

O3 gudl Cogaedl)s ) Loy 2 Lolall dgead) ib Louis Marcel Brillouin (1948-1854)y5 5 Jrwye 55 daey 2)
Jors® 39> sy ke R ) sl e 35 Léon Nicolas Brillouin (1969-1889) 55 VS oysd anl . (1923) Lo
Paul Langevin (1946-1872) Q\é 95 o) Jo» r%\,...:\ O{gLouis Victor Pierre Raymond, duc de Broglie (1892-1987)
Jged - Hidg o p Jenyll vu{ﬁ ildl] Eleuthére Elie Nicolas Mascart (1908-1837) ,Kuls Y;JJ\‘S}L R
Marcel Emile Verdet (1866-1824) (53,6 Jus) Jos)lo 58 o S0 Jiwo 5T i 552y pm u“g b &
il e Ve lay O by seall Kl 3kl 7 ol el alby e due ) dnd e oS [Lnols égw il 3,2

Sl 5y, (1867-1934) Marie Sktodowska-Curie ‘é)gK-.nﬁijK.a sl & Pierre Curie (1906-1859) é)g)
Jacques Bergier (1978—1912) 4z n 2l Cf TN oY (g J&l e O (@S9 Jleaiv L u\,_‘})\
& o8 André [Samson Seby] Helbronner (1944-1877) ;, J.a [Ls‘*“'“ Ogemolis] 4,00 oAl B, el e ot
(1980-1902) plsliw dlebs 2935 Otto Hahn (1968-1879) ala 55,0 ol Wuﬂ\ odel Jed (1) 1937 olsz
saclane — iy Dby gl pod Dygal) Caad sy (ﬁUU\ as \jg....{ ("f;\’ 1938 pewss 3 Friedrich Wilhelm Strassmann
Otto Robert Frisch (1979-1904) LR y)\ \1;-\ - Elise «Lise» Meitner (1968 1878) Jale jJ —dalldl f\.ns
i ol 5l Glyall b2 185 (ol Zloa) ATy el [pll] 15 Ll (g5 Jlatil Ll o s Ky 2l ol
Richard Phillips Feynman (1988-1918) Q\‘;g_\é JW 3ylady ) ST il ;;Y\ Hans Albrecht Bethe (2005-1906)
5320l \{sua L,Ms [alls] s o LT 9) faly Jy o "action — Jas" Laly Jie) 50 « 135 a3 T,
= d‘” i) obly sy (Ul 3 o \..u{ O30 Jse Jdw) Michel Le Ray ($-1943) (5, 5 Jliwe ) )0 jsd
() ésj‘ﬁ\ ol e Al dldy ‘@LA\ Sl 3 o b b e Shoy g‘“ e ysPlad e saall dalddl

:aﬁ:j 33)55 ubu\/\j uoyaj\ jnj )3\440
@ Jean-Paul Auffray, Newton ou le triomphe de I'alchimie, Le Pommier (2012).
@ Fulcanelli, A 20th-Century Missing Alchemist Who Accomplished Great Work
Fulcanelli warned of the devastating nuclear weapon eight years before the first atomic bomb was tested
by Irena Curik | Nov 4, 2022 | Science | History of Yesterday: Uncovering the Events That Shaped Our World
https://historyofyesterday.com/fulcanelli-a-20th-century-missing-alchemist-who-accomplished-great-work/ (Retrieved: 22/12/2022)

® Olympe Jouet, Axelle Amon and Dominique Bernard (2012) Jules Violle’s Actionometer: Asimple instrument to
deduce the temperature at the surface of the sun, Bulletin of the Scientific Instrument Siciety, N° 112, 28-31.
) Marcel Brillouin. Les points singuliers de I'univers d’Einstein. J. Phys. Radium, 1923, 4 (1), pp.43-48.
®) Eleuthere Elie Nicolas MASCART (1837-1908) (annales.org)
https://www.annales.org/archives/x/mascart.html (Retrieved: 22/12/2022).
®) R. P. Feynman’s Phd Thesis — The principle of least action in quantum mechanics, (IAS) — Princeton (1942).
™ Jules Violle (1878) Mesures actinométriques relevées en Algérie pendant I'été de 1877, CR Acad Sc, .86, p. 818.


https://historyofyesterday.com/
https://historyofyesterday.com/fulcanelli-a-20th-century-missing-alchemist-who-accomplished-great-work/
https://www.annales.org/archives/x/mascart.html
https://www.annales.org/archives/x/mascart.html
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(*) MASI: Mathematicians, Astronomers & other Scholars of Islamic civilization and their works, 1983—2003, in 5 volumes.
(422) Rosenfeld and Thsanoglu, MASI, p. 56.

(423) Rosenfeld and Thsanoglu, MASI, p. 55.

(424) Thousand Night and One Night, vol. 3, p. 382.

(425) Plato, Republic X, 617c.
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(“Mathematicians, Astronomers and other Scholars of Islamic civilization and their works (7t"—19*C)”
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(*) MASI: Mathematicians, Astronomers & other Scholars of Islamic civilization and their works, 1983—2003, in 5 volumes.
Boris Abramovi¢ Rosenfeld and Ekmeleddin Thsanoglu, Mathematicians, Astronomers and other Scholars of Islamic
civilization and their works (7—-19"C). Istanbul Research Centre for Islamic history, Art & Culture IRCICA, 5 vols., (2003)
Olds Version of Encyclopedea:
- Galiana Pavlovna Matvievskaya and Boris Abramovi¢ Rosenfeld, Matematiki i astronomy musulmanskogo srednevekovya
i ikh trudy (VIII-XVII vv.). Moscow, Nauka, 3 vols., (1983).
- Heinrich Suter, Die Mathematiker und Astronomen der Araber und ihre Werke (Abhandlungen zur Geschichte der
mathematische Wis senschaften mit Einschluss ihrer Anwendungen. X Heft.), Leipzig B. G. Teubner (1900).

(#) Michael N. Fried, Edmond Halley’s Reconstruction of the Lost Book of Apollonius’s Conics, Springer (2012).
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32)]e secrétaire général de I'Europe savante — iwlall by, ﬂ r\aﬁ\ o3 :Cornelis de Waard (1963-1879)s 9
St 4 polany o) YUSD) sl (1623 ol Al ol o i) ¢ M Pl IS e it (228 S
(43)«Queestiones celeberrima in Genesim (Questions sur la Geneése) — o )ﬁ\ S 3 alad) el r-\;\.fa oxedll

«(Institut de France—lul p sgas Coomuol dJ ) College des Quatre-Nations® sl )5l Jlys 81, | caioy ot (7

¢ “JUL. MAZARIN SR E CARD BASILICAM ET GYMNAS F.CA MD.CLXI” 5Ll 48y Jo 2525l) 1l oo prany 5
faaz 18011661 ol (3 4801 odny LS o oliy (Aunil) AT L3y ) S s e lile dom ol g5 5l
aopd) 3anlasy 1648 2l (3 Wiy Olanlas oy &SI ollall o 50l A ol e Sl e (A1 gl
[I'Artois, I'Alsace, Pignerol et le Roussillon (avec Cerdagne)] (13l g 52) (5303 )5 J s 16 oY i 2y 1659 5l

:JJ 33)55 u\‘»u\/\j 00)’4‘” /.aj )3\440

(2016) (g5ld Lo « a5 a2 Dard oy Sgas pladl e 0 Loy Ll 308 B i L2l %6 ¢ Ju:m oG (1)
(1) Jacqueline Stedall, The History of Mathematics: A Very Short Introduction, OUP Oxford (2012).
(2) Cornelis de Waard (avec la collab. de Mme Tannery et René Pintard) Correspondance du P. Marin Mersenne, religieux
minime, Presses universitaires de France, XVII volumes (1932-1988).
(3) Robert Lenoble (1948), Quelques aspects d'une révolution scientifique - A propos du troisiéme centenaire du P.
Mersenne, Revue d'histoire des sciences, vol. 2, n° 1, pp. 53-79.
(4) Pierre Sergescu (1948), Mersenne I'animateur (8 septembre 1588 - 1 septembre 1648), Revue d'histoire des sciences et
de leurs applications, vol. 2, n° 1, pp. 5-12.
(5) C. Dulong (1992), Les origines du College des Quatre-Nations, Revue des Sciences morales & politiques, n° 2,p.247-256
Cinq Académies, dont les réunions solennelles ont lieu en habit vert sous la coupole de I'ancien college des Quatre-Nations:
1'Académie frangaise (40 membres) ; fondée en 1635 par Richelieu
1'Académie des inscriptions et belles-lettres (55 membres) ; fondée en 1663 par Colbert.
1'Académie des sciences (263 membres) ; fondée en 1666 par Colbert.
I'Académie des beaux-arts (63 membres) ; fondée en 1816 par Louis XVIIL
1'Académie des sciences morales et politiques (50 membres). fondée en 1795 par la Convention.

(6) «Notre histoire», sur institut-de-france.fr (consulté le 14 février 2022).


http://www.institut-de-france.fr/fr/une-institution/son-histoire
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lonp ma b 2y bop b L — U 3 — D S (N e P (o 5150 A3 f e
G o Ll 1704) crp 210 psb o ety Y o ply U2 — (08 s = (S ) JolSElly Sl ol
il ool b A gl e o — 41 s — L33 S Wil AL g o ) G
U Ao T 38w Wl (F1 (sl 5 Ol o edon 358
L4043 L) 02 LPA Js1 Jadl) T Lol slan st e (7) ielel) 3 ad) )l i ] g glal) jalal) o ST o)
S AU b b e 1l e K ol e 3 alie of e L (1209) AL 55 C\Jﬁh Sl o
(1694) 5523 snfit 3y Je (1) 335 Ly B3l ol AL B el 136 0
5V ) Sl Y s as 6\5\ Lols UuKY D dl) 5 pitd danl g dw)la.\! 21\ uu{}?\ Jobadl oo Y agd 3
)5 Biot ad Pasteur Jules Viole o ¢lau) a) 3,ladl Ciw () A @d\) Marcel Brillouin - liylasst (ore 2 )
axk Jy bs Csgs Vs mall jpde Leibniz 3 all) Ll Malebranche &4c 1) Laplace, d’Alembert & Varignon .,
ool el g ad Gl e 5 Alatland) L«'*;ﬁ"E”w;fﬁu*v‘“o‘%&f”ﬁ‘u‘i‘u‘o)ﬁwww
6‘)3‘“ ARl Gz (g L gl el g0 ) Jé““y o 90 sl s o ol JS Jé“‘y gl

(a) « Jay si peu de commodité d'escrire mes démonstrations ..., que je me contente d'avoir découvert la
vérité et de scavoir le moyen de la prouver, lorsque j'auray le loisir de le faire. »

(b) « Je ne doute pas que la chose n'efit pu se polir davantage, mais je suis le plus paresseux de tous les
hommes. »

Voir :

Fermat (Pierre de), géometre, membre du parlement de Toulouse. Par L. Taupiac, Avocat. (pp : 468-516),
Dans Emerand Forestié¢ Neveu, Biographie de Tarn-et-Garonne : études historiques et bibliographiques,
Montauban, Forestié neveu, Premiére Série p- 519, (1860), pp : 483-484.

(c) Ibid, dans la page 492 :

“On trouve dans les lettres de Descartes, dans celle qu'il adressa alors & Fermat, une expression touchante de ses

nouveaux sentiments a I'égard du grand géometre, exprimée fort originalement et dans le gott de I'époque :

« Je n'ai pas eu moins de joie de recevoir la lettre par laquelle vous me faites la faveur de me promettre
votre amitié, que si elle me venait d'une maitresse dont j'aurais passionnément désiré les bonnes graces. »
Je n'ai pas eu moins de joie, disait-il 4 Fermat, de recevoir la lettre par laquelle vous me faites la faveur de
me promettre votre amitié, que si elle me venait d'une maitresse dont j'aurais passionnérnent désiré les
bonnes gréces. Et vos autres écrits qui ont précédé me font souvenir de la Bradamante de nos poetes,
laqueﬂe ne voulait recevoir personne pour serviteur, qu'on ne se fat auparavant éprouvé contre elle au

combat, etc.l »

M On trouve cette lettre en téte de I'édition de Diophante et des Faria Opera, publiés par Samuel de Fermat.”
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Dizyiy i o (S JS U3 oo JSH Al o 30 ¢ ) “SLd JolSlly Joolid) Sl ol 2 Lol e
[« .. gave birth to the calculus of the infinite conceived & brought to perfection by Kepler, Cavalieri, Fermat, Leibniz & Newton» |
«Bonaventura Cavalieri (1647-1598) ‘éﬂu{\)fﬁ\syj]ohannes Kepler (1630—1571))‘.§u~3\.¢ﬁ f‘”/’j ba Bl 0%
Creope B 80 e 1638 1 18 (3 & sl Al $5 s e Galldl il B 4 sl Cdlegy (1) Gusi ¥ &,
0 Jle Jlotl e« 08w a0 1Y) ey (sl y o o 5185 ) it Sy —Lagh o 4y e B —
Gl Bl skl Jo Jadl) 3 ([§0ay Aol 2 LPA J8U1 Jadll T (ol slanad o (5) ) gy«
14 3 BL By Ll by Bljc) g ) 25 S ol ol tnssinl 3l 1) W7 g e 35
sl s o (1) R 58 (9) M U5 S A 3 e il peanl — 17 o dlae 3 — SV5e Nl
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OuA) Chatia Jio I Dbl gy 13 oA Bl o shall L) e (S5 Yolis) L Aas ) alill eliely A1) 3 S
—d 7Y Ay Vs e el it iyl s S el i sl o e 155l 55 1 S o
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The Academic Family Tree *) — 46563 d6lal) 3,2%5 The Mathematics Genealogy Project ®) — =lool J) ludl ¢ 5 20 3
(gl 8 )y o 0 ool g 39 o R 5 2 B o) 35Tl (.5 212 1.3 287) o
©.3 52l s 35 Sy (1ol )l Adls 5 o L 3 Gl £ ) Zuga¥) il 5,28 (3 (Caledl) DT Y g Y
(7330 — £.3323) (bl o Sy Chadl am Loguas il W7 2le 5,6 o 5l 0l 5 1 g SGlo 2]
(p-3 480 oo )l 533l)) puoldly bl 0 Al g sl aald 2oV 55 (. 3 323 — .5 490) e DSl iy sl (5
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(1) D. Castelvecchi (2016), Majority of mathematicians hail from just 24 scientific ‘families’ Nature 537, 20—21.
(2) Jean-Marie Duhmel, Mémoire sur la méthode des maxima et minima de Fermat et sur les méthodes des tangentes de

Fermat et Descartes, Gauthier-Villars (1864).

(3) «Analytical Society» renamed «Cambridge Philosophical Society» in 1819: "Our History". Cambridge Philosophical
Society archive, 2 July 2018 (Retrieved January 5th 2023).

(4) Carl Benjamin Boyer, The History of the Calculus and Its Conceptual Development, Dover, (1949).

(5) Histoire du calcul infinitésimal — Wikipédia (wikipedia.org): (Consulté le 5 Janvier 2023).

(6) The item, Archimedes of Syracuse in Mathematics Genealogy Project (MPG) & The Academic Family Tree (AFT):
(a) MPG: The Mathematics Genealogy Project (mathgenealogy.org) : Your search has found 0 records in our database !
(b) AFT: Neurotree - Archimedes of Syracuse Family Tree (https://neurotree.org/neurotree/tree.php?pid=169808)

(7) Pierre Rossi, La cité d’Isis : histoire vraie des Arabes. Nouvelles éditions latines, (1976).


https://fr.wikipedia.org/wiki/Histoire_du_calcul_infinit%C3%A9simal
https://www.mathgenealogy.org/quickSearch.php
https://neurotree.org/neurotree/tree.php?pid=169808
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sy — & e @t + b7 = € o 18T Lo Molas (345 Jlte Lol oyl iV Jolbl ede G ez 4y 5 x
2 o S 62 e 1 E13] ) ool 3icY 3 sl ) el 0
(9) G2l 1] (984) g (e 058 W) Gagd) 3 aley (1637-1621) &)8Co — Jdow 56 J5b sl (1657) Leye e Ll
sday e (1788) t\f—}ﬂ 242 6‘” Least Action Principle (LAP) — L5 el Tad dal) Gl §04) o> 02
[(1657) Loyd 1ol s (£ .. <(1707) 7Y kB (10 (1744 Jiams (T4 Lo ) sl (s5550 Jlot o b «(1834) oy ol
() Plall JolSlly ool lad Ll L)« 3o¥ly ooVl ol 2y o) Lo Gl o JUHT g Uie (335 (8000 Jas b
38— Gy sl [(1209) (s#shally (1021-1011) Adl ( «(984) Jaw oy o conm e el (870) 53 oy cat Jlsh
ol — Tl DLl 3 SIS — ) ey Y Yoy — Nins 183 0 (SE o b 1 — el Cioamis e

Ol &ads 3o fly oy oy usdsal” — Jo¥sb idd) pudidl SR 3 a1y 5 5l 2,8yl Ao e (251 e (1)

(2015) a8l 48 — Slbladt] S
(1) Hussain Azhari, The Late school of Alexandria and its Influence on Islamic Philosophical Heritage: Part I — “Ammonius
son of Hermias and his influence on the philosophy of Al-Farabi”, Manuscripts Center — BIBLIOTHECA ALEXANDRINA, (2015).

(2) Eurytus (EbpuTog; fl. 400 BC) was a disciple of Philolaus, Diogenes Laértius mentions him among the teachers of Plato:

“Diogenes Laértius (Atoyévng Aagptiog; fl. 3¢ century AD): The work by which he is known, Lives and Opinions of
Eminent Philosophers (Greek: Biot kai yvdpat tédv &v @rocopig ebSokiunodvtwy; Latin: Vitae Philosophorum), was
written in Greek and professes to give an account of the lives and sayings of the Greek philosophers”. The last translation,
published by Cambridge University Press in 2020:

(-) Diogenes Laértius, Lives of Eminent Philosophers. Translated by Stephen White, Cambridge University Press (2020).

(3) Neurotree - Plato of Greece Family Tree: (Retrieved January 5t 2023).
https://neurotree.org/neurotree/tree.php?pid=5575&fontsize=1&pnodecount=10&cnodecount=2

(4) Neurotree - Archimedes of Syracuse Family Tree : (Retrieved January 5%, 2023).
https://neurotree.org/neurotree/tree.php?pid=169808&pnodecount=10&cnodecount=2&fontsize=1


https://neurotree.org/neurotree/tree.php?pid=5575&fontsize=1&pnodecount=10&cnodecount=2
https://neurotree.org/neurotree/tree.php?pid=5575&fontsize=1&pnodecount=10&cnodecount=2
https://neurotree.org/neurotree/tree.php?pid=169808&pnodecount=10&cnodecount=2&fontsize=1
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(1) Michel Le Ray, Contribution a I'étude des tourbillons dans I'hélium liquide II, These Doctorat, Faculté des Sciences,
Université de Paris (1970) — E-Tree - Michel Le Ray Family Tree (academictree.org): [Le Ray -> Moummi -> Zellouf]
(2) https://academictree.org/etree/tree.php?pid=906610&fontsize=18pnodecount=4&cnodecount=2 (Retrieved May 5%, 2023).
(3) M. Leray, M.J. Deroyon, M., Francois and F, Vidal, New results on the vortex lattice, Proceedings of the
13" international Conference on Low Temperature, Physics LT 13 Boulder, Colorado - USA 20-25 August (1972).
(4) David Bohm (1952), A Suggested Interpretation of the Quantum Theory in Terms of “Hidden Variables”, Physical
Review. 85 (2): 166—179.
(5) Louis Victor de Broglie, "Recherches Sur la Theorie des Quanta", Thése Doctorat, Faculté des Sciences, Université de
Paris (1924). Appeared in (Ann. de Phys., 10° serie, t. III (Janvier-Février 1925). Translated to “On the Theory of Quanta”
[English translation by A.F. Kracklauer], Foundation of Louis de Broglie (2004.).
(6) Alberto Rojo & Anthony Bloch, The principle of least action: History and physics, Cambridge University Press (2018).
(7) Dora Musielak, Dido's Problem: when a myth of ancient literature became a problem of variational calculus. arXiv: 2301.02917.


https://academictree.org/etree/tree.php?pid=906610&fontsize=1&pnodecount=4&cnodecount=2
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[ Chasin 3 Lonsl§ Bdr 1) 0yt Bl g 081 2351923 e (3 Sl ool BT 2B e (i 70 S 51
(el LY Bl llas 5Ll g Bge .S 5 ilans 1922 ple 3 ade 76 4.3 1900 (Jls) b sl 55 5m
G pased) ! LV s o ol LS o 0 Syl odn Sl L Zae i ade cad 5,

Bl o )3 o JgT 18— 30y — el o 2 — ool sl (gl (ool sl s — VT Y
(1) Daniel. F. Mansfield (2021), Plimpton 322: A Study of Rectangles. Foundations of Science, 26 (4), 977—1005.

(2) Daniel. F. Mansfield & Norman J. Wildberger (2017), Plimpton 322 is Babylonian exact sexagesimal trigonometry.
Historia Mathematica, 44 (4), 395—419.
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Sl — BB e bole so Je — s Mé (Enternal, closed & confined flows — 53,04, &lall (sl bl 4
(a0 l) i U At gl )i By — s 0¥y s oY — il S e — S e — i
) [Zellouf et al. (2011, 2016) ] — pllly CI i) 3 liam 20 7 M1y — e ot G Zlell g J S0
et ) Slelyll LY (984.°13) cplilly ol o) e Joll (945) & Ll Bl &1 ol e [Jpidk1] 23 U5 04
50 (°30 5 °35.26 °45) 1 U5 1 S D5l Gl B8 () gl o o bl 2 &N\ ool 25,
@4 @A Jatb Al sl (Jdaead)) (ool b 4 (Ra= 2000, 5000 & 10000 o), slaet Jorl o 21 Gyl 45

il 2 AV A bl iy S aias — Jo31 o) iy suld) ’}\KA;.A&'&JLB PO JIRCAVIN wu\psofﬁww\ (5
Bl Glgdl by Lyl DBl o janasly Sl saas — UV sl C’L |Gl el 280 by el e Lile SO—C) |3l
1(0) ally (1) ol b 2l cpeass I gl ) cpy sl Cﬁ‘- EITN oK lapge S wJJAﬁj e Ay bl Wl oW ey o
Multiple Solutions and stability of confined convective and Swilrling flows — &elsdlly dlald) 3300t b, AV Ly Jod) soms
Solutions multiples et stabilité des écoulements confinés convectifs & tourbillonnaires :(CERIST) &bl sacls 02 2z Oyl

(Ol o Jts (L 2) ol ol (5500 St S @ g0 ) 55 () 3.5 nalt Ul e Sl Lo 320 51 Pl 1Y

Ly [ il @ Ll Wal) 31(1973) plo st Glb s anpesss 01923 i (50! bl o 03500 (R 1) 2zl b3l s
Aol bl ol enua LG e Euadl 1S (2023) — (g5 ol i s — Y ((1983) 53501 sy dogiill o1 UL A Je
() o) Uy ol gt 9 ) as” gy i — e i el T g s g i,
sgialnoy (5)yo) clads el S ulall o agisl (1973-1972 J¥s .(..) ¢1930-1925 Sus (5 el bl Lo dlaill L) pogie B>
( ) «3\& s Dbl el d:b L) ol oo s &l 5281 (1973 <)y oy 393 1972 Jlady s <03 <8, 55)
CU Aoy ANl o AW Ol Al dacdadl KT am (3 5l W) i 352y Jla o 0glany sl o ol
.ms Wyl S o) (3 535k S Vo KL e I STl 3y a1 a5 5l Gibanel At Lo ) & e 2
Violle -> Camichel -> Foch -> Fortier -> Le Ray C\J” Ao 4l dols (1877 o) o 3 U3 ©® el dalall Jod 4, i \35,\.‘
(6~ 3)[ Aa;-}U.\ o2 (%) el = L; (7) 6)“ f) eyl L ols uc;@\ i) e 62 -> Moummi -> Zellouf |
D Caladl 3l Al Loy 2 e nlall SN sk oS e s i) YT 23S (19771976 55 DI
« Cette notion d’angles privilégiés est connue a I'échelle microscopique depuis 1925-1930, (..). En 1972-1973, généralisant
a beaucoup plus grande échelle ce fait capital, Le Ray et ses collaborateurs (Le Ray, Deroyon, Frangois et Vidal, 1972 ; Deroyon
et Le Ray, 1973) démontrent |'existence dans 1'hélium liquide superfluide de tourbillons obéissant 4 une échelle macroscopique
(..). Le Ray et ses collaborateurs se sont interrogés sur I'éventuelle présence des mémes angles privilégiés dans certaines
structures naturelles soumises 4 un contournement par des courants d'eau ou d'air, en particulier par le vent naturel. Les

lignes droites ou inflexives voisines dans les branches d'arbres et dans des dunes de sable tres fin telles que celles du Sahara,

ont été confrontées avec les angles privilégiés. Des milliers de vérifications ont fourni dés 1976-1977, la preuve de

l'adaptation de ces formes naturelles aux conditions angulaires d'équilibre des tourbillons. »(7

(1) M. Zellouf, N. Moummi, A. Labed, K. Aoues (2011), Multiple solutions and stability of multi-sided lid-driven cavity
flows, Revue ANDRU, 1 (3), pp. 156-165.

(2) Zellouf M., Moummi N., Labed A. and Aoues K., (2016), Multiple solutions for flow mode-transition in an inclined
cavity generated by natural convection, Journal of Applied Eng. Sci. & Tech. 2 (2), pp. 75-85.

(3) Physics Tree - Miloud Zellouf Family Tree (academictree.org): (Retrieved January 5th 2023)
https://academictree.org/physics/tree. php?pid=906603&fontsize=1&pnodecount=4&cnodecount=2

(4) E-Tree - Noureddine Moummi Family Tree (academictree.org): (Retrieved May 5t 2023)
https://academictree.org/etree/tree. php?pid=906609&fontsize=1&pnodecount=4&cnodecount=2

(5) E-Tree - Michel Le Ray Family Tree (academictree.org): (Retrieved January 5th 2023)
https://academictree.org/etree/tree. php?pid=906610&fontsize=1&pnodecount=4&cnodecount=2

(6) Jules Violle (1878) Mesures actinométriques relevées en Algérie pendant I'été de 1877, CR Acad Sc, t.86, p. 818.

(7) Michel Le Ray & Jean-Pierre Mathieu (2015), Le design de la grande pyramide de Chéops : un modele de proportions
et d’angles d’or (ou privilégiés). RHPM — Revue d’histoire & de prospective du Management, Vol. 1, n° 1, p. 77-89.


https://academictree.org/physics/tree.php?pid=906603&fontsize=1&pnodecount=4&cnodecount=2
https://academictree.org/etree/tree.php?pid=906609&fontsize=1&pnodecount=4&cnodecount=2
https://academictree.org/etree/tree.php?pid=906610&fontsize=1&pnodecount=4&cnodecount=2
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« En 1980 Le Ray publie un premier article de synthése & partir de l'analyse de milliers de traits sur des centaines de
documents (ceuvres d'art, photos d'information, publicité, ...), qui montre I'existence du couplage entre lignes physiquement

ou psychologiquement importantes selon des angles privilégiés encore appelés angles d’or. »

[Engineering—gﬂ,\;d\] t.}\’j“‘j\ SR (ﬂj 5) dgoss jxfﬁ?\ f[Geometrics—‘éw.,\;@\] dhjul\ sl b daidl oda e
[42(1983) r\c oo Rl B350 16 do gl A 1 OBl A o — Lo 1as— Gl d,l; Loo] oldslis Lo &l bl 5300 D@.&l
L5l s G e =(145)/2 1,618 14| Aol g1 psgl b olixly 2ol bbb el caludldl 2, A3 ey

ettt

TN S T A ™
i \ > i p )

&~
’é,

S

1 > B—>

< -9
Gl Byl - Y1 Aed) A8l ) Yl AT (1= m) o3 48lal) o Jo 30 e sl Ll 1 — 4073 el
(3).”4_:';.1\ Lﬁ‘“'\“ u\.\a...«»l\ 6)‘3 on (m =2, 152) a3l slall RS )

(1) Le Ray M. (1980), Dialogue du physicien et de l'esthete, Communication et langages, Paris, 45, p. 49-69.

(2) Minair C., Thése de 3¢ Cycle, Contribution 2 la définition des formes optimisées en mécanique des fluides par

Iapplication des structures d’angles privilégiés, notamment & finalité énergétique, Université de Valenciennes (1983).

(3) Le Ray M., Deroyon ].P., Deroyon M.]. et Minair C. (1985), Critéres angulaires et stabilité d’un tourbillon hélicoidal ou

d’un couple de tourbillons rectilignes, roles des angles privilégiés dans I'optimisation des ailes, voiles, coques des avions et

navires, Bulletin de I'Association technique maritime et aéronautique, Paris, p. 511-529.

(4) Michel Le Ray & Jean-Pierre Mathieu (2015), Le design de la grande pyramide de Chéops : un modele de proportions
et d’angles d’or (ou privilégiés). RHPM — Revue d’histoire & de prospective du Management, Vol. 1, n° 1, p. 77-89.
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Fig. 7. Streamlines (left column) and isotherms (right column) for Ra = 10000 and & increasing.
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Fig. 6. Streamlines (left column) and isotherms (right column) for Ra = 5000 and ¢ increasing.
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(1) M. Zellouf, N. Moummi, A. Labed, K. Aoues (2011), Multiple solutions and stability of multi-sided lid-driven cavity
flows, Revue ANDRU, 3 (1), pp. 156-165.

(2) Zellouf M., Moummi N., Labed A. and Aoues K., (2016), Multiple solutions for flow mode-transition in an inclined
cavity generated by natural convection, Journal of Applied Eng. Sci. & Tech. 2 (2), pp. 75-85.
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(Four1er—Nav1er—Stokes Equation) (@)w{fﬂ — 4l — 4y 9 Wolag —sald Cjaw
A Y e o — 0 1 L i — sl b IS 0 5501,

) Isabelle Gallagher, «Autour des équations de Navier-Stokes» sur images.math.cnrs.fr, 28 janvier 2010 (consulté le 14 février 2014).
) Olivier Darrigol, «Worlds of Flow: A History of Hydrodynamics from the Bernoullis to Prandtl», Oxford University Press (2005).
*98. R. Bistafa, «On the development of the Navier-Stokes equation by Navier» Revista Brasileira De Ensino De Fisica, vol. 40, n° 2,
€2603 (2018).
de 0555 5 055 ol Gl b 5l M a o] il S — 486 Jo dolal) G iy Lo 53k (4)
142 Lol ol
Califano, F., Rashad, R., & Stramigioli, S. (2022). A differential geometric description of thermodynamics in continuum
mechanics with application to Fourier—Navier—Stokes fluids. Physics of Fluids, 34(10), 107113.

Zeytounian, Radyadour Kh. Navier-Stokes-Fourier equations: a rational asymptotic modelling point of view. Springer

Science & Business Media, (2012).

Orum, John Christopher. "Stochastic cascades and 2D Fourier Navier-Stokes equations.” In Lectures on multiscale and

multiplicative processes, www. maphysto. dk/publications/MPS-LN/2002/11. pdf (2002), pp, 99-107.


https://fr.wikipedia.org/wiki/Isabelle_Gallagher
http://images.math.cnrs.fr/Autour-des-equations-de-Navier.html?lang=fr
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«Navier (1823), Cauchy (1828), Poisson (1831), Saint-Venant (1843) & Stokes (1845) : |
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(%) 8. R. Bistafa, «<On the development of the Navier-Stokes equation by Navier» Revista Brasileira De Ensino De Fisica, vol. 40, n° 2,
2603 (2018).

(***>]. Hron, J. Malek, & K. R. Rajagopal, (2001). Simple flows of fluids with pressure»dependent viscosities. Proc. of the Royal Society
A: Mathematical, Physical and Engineering Sciences, 457, 1603—1622.

See also:

C.L. M. H. Navier, Annales de Chimie et de Physique, XIX, 244 (1821).

C. L. M. H. Navier, 1823 Mémoire sur les lois du mouvement des fluides. Mem. Acad. R. Sci. Inst. France, VI, 389—416,
read at the Academy of Sciences on 18" March (1822).

A.L. Cauchy, Exercises de Mathématiques, Chez de Bure Fréres, Paris, (1828).

S. D. Poisson, 1831 Mémoire sur les équations générales de I'équilibre et du mouvement des corps solides élastiques et des
fluides. J. Ecole Royale Polytech. XX, 1-174, read at the Academy of Sciences on 12t October (1829).

A. B. Saint-Venant, Comptes Rendus Hebdomadaires des Séances de 'Académie des Sciences, 1240 (1843).

G. G. Stokes, 1845, On the theories of the internal friction of fluids in motion, and of the equilibrium and motion of elastic
solids. Trans. Camb. Phil. Soc. VIII, 287—305.
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(#) Michael N. Fried, Edmond Halley’s Reconstruction of the Lost Book of Apollonius’s Conics, Springer (2012).
(1) ESPACE MATHEMATIQUE (google.com): https://sites.google.com/site/espacemathematique/
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(3) Hamza Khelif, Le jardin des courbes: dictionnaire raisonné des courbes planes célebres et remarquables, ellipses (2010)
(4) Hamza Khelif, Le jardin des surfaes: dictionnaire raisonné des courbes gauches, des surfaces et d’autres variétés
célebres et remarquables, ellipses (2020).
(5) Jeffrey Renwick Weeks, The Shape of Space, 2™ Edition, New York M Basel — MARCEL DEKKER, INC (2002).
(6) Edwin Abbott Abbott, Flatland: A Romance of Many Dimensions, Dover (1992) [originally published 1884].
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(7) Jeffrey Renwick Weeks, The Shape of Space, How to Visualize Surfaces and Three-Dimensional Manifolds, New York
M Basel — MARCEL DEKKER, INC (1985).

) dadal LW el e ((2020) Cids 35 dary ol (s S Sy s (8)
(8) Jeffrey Renwick Weeks, The Shape of Space, Third Edition, Taylor & Francis Group, LLC, (2020)
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(-) Etienne Ghys, A singular mathematical promenade, ENS Editions (2017).
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(1) Y. Couder, S. Protier, E. Fort, A. Boudaoud, “Dynamical phenomena: walking and orbiting droplets”, Nature 437
(2005), no. 7056, p. 208.

(2) S. Protiére, A. Boudaoud & Y. Couder (2006) Particle—wave association on a fluid interface, J. F. Mech. 554, p. 85- 108.

(3) Y.D. Chashechkin & A.Y. Ilinykh (2021) Drop decay into individual fibers at the boundary of the contact area with a
target fluid. Dokl. Phys., 66, p. 101-105.

(4) J. W. M. Bush (2015) Pilot-wave hydrodynamics, Annu. Rev. Fluid Mech. 47, p. 269-292.
(5) J. W. M. Bush (2015) The new wave of pilot-wave theory, Phys. Today 68, p. 47-53.

(6) J. W. M. Bush, Y. Couder, T. Gilet, P. A. Milewski & A. Nachbin (2018) Introduction to focus issue on hydrodynamic
quantum analogs, Chaos: An Interdiscip. J. Nonlinear Sci. 28, no. 9, 096001.

(7) Martine Ben Amar, Laurent Limat, Olivier Pouliquen, Emmanuel Villermaux (Rédacteur en chef invité) : Tribute to an

exemplary man: Yves Couder [Hommage 4 un homme exemplaire : Yves Couder], Tome 348 (2020), no. 6-7, pp. 393-692.

(8) F. J. Dyson, (2010). Birds and frogs in mathematics and physics. Physics-Uspekhi, 53(8), 825—834.
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(1) V. I. Arnold, Polymathematics: Is mathematics a single science or a set of arts? — In: Boris A. Khesin,
Serge L. Tabachnikov (eds.), Arnold Swimming Against the Tide, Chapter V, pp- 35 — 46, American
Mathematical Society (2014). Oridinally published in: Mathematics: Frontiers and Perspectives, American
Mathematical Society, Providence, RI, 2000, pp- 403 — 416.

(2) Cryptography, hydrodynamics, and celestial mechanics (johndcook.com):

https: // www.johndcook.com/ blog/ 2022/10/21/ math»origins/

(3) Joseph-Alfred Serret, (Euvres de Lagrange — TOME XIIl : CORRESPONDANCE DE LAGRANGE AVEC
D'ALEMBERT, Paris, Gauthier-Villars (1867).

(4) Christopher B., Krebs, ed. Caesar: Bellum Gallicum Book VILI. Cambridge University Press (2023).
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Polymathematics :
is mathematics a single science or a set of arts?

V.1, Arnold

Steklov Mathematics Institute, Moscow
CEREMADE, Université Paris-Danphine «f

The shaft becomes too deep ... and if new
veins would not be discovered, places for geom-
etry in the Academy will become what already
are the Arabic chairs at the Universities
Lagrange to D'Alembert, 1781

All mathematics is divided info three parts: cryplography (paid for by CIA KGB
and the like), hydrodynamics (supported by manufacturers of atomic submarines)

and celestial mechanics (financed by military and by other institutions dealing with
missiles, such as NASA ).

Cryptography has generated number theory, algebraic geometry over finite fields,
algebra !, combinatorics and computers.

Hydrodynamics procreated complex analysis, partial derivative equations, Lie
groups and algebra theory, cohomology theory and scientific computing.

Celestial mechanics is the origin of dynamical systems, linear algebra, topology,
variational caleulus and symplectic geometry,

The existence of mysterious relations between all these different domains is the
most striking and delightful feature of mathematics (having no rational explanation).

The experience of the past centuries shows that the development of mathematics
was due not to technical progress (consuming most of the efforts of mathematicians
at any given moment), but rather to discoveries of unexpected interrelations between
different domains (which were made possible by these efforts).

“Partially sapported by the Russian Basic Research Foundation, project 99-01-01109, and by the
Institut Universitaire de France,

tThe author thanks I, Mazella and J.-0, Moussafir for the typing help,

"The creator of modern algebra, Vidte, was the cryptographer of King Henry IV of France,

Ol AL $12Y ey oo o]l 580l bl 5 L5911 Ll 9250 Dl L 3530 i)l 1 — {18 Sl
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JOHN D. COOK

C O NS ULTI NG MATH STATS FRIVACY WRITING ABOUI CONTACT

Cryptography,
hydrodynamics, and celestial ==

mechanics

Posted on 21 October 2022 by John

John D. Cook, PhD

My cclleagues and | have decades of
consulting experience helping
companies solve complex problems
involving data privacy, math, statistics,
and computing.

Let's talk. We look forward to
exploring the opportunity to help your
company too.

Email add

Last

it 1 was reading a pape the late Russian mathematician V. | Arnold

Your Ccomp

“Polymathematics: is mathematics a single science or a set of arts?" and posted a

lightly edited extract of it on Twitter. It begins

All mathematics is divided into three parts: cryptography, 4

hydradynarmics, and celestial mechanics. m

Arnold is alluding to the opening line to Julius Caesar’s Gallic Wars [1] which suggests
he's

being a little playful. The unedited version leaves no doubt that he's being playful

All mathematics is divided into three parts: cryptography (paid for by ClA,

KCB and the like), hydrodynamics (supported by manufacturers of

atomic si

ymarines), and

tial mechanics (financed by military and

other institutions dealing with missiles, such as NASA).
| edited out the parenthetical remarks, in part edit the sentence down to a tweet, but
alse because when you take out the humarieynicism he makes a valid if hyperbalic

point. He goes an to back this up.

Cryptography has generated number theory, algebraic geormetry ever
finite fields, algebra, combinatorics and computers.

Hydrodynamics has procreated complex analysis, partial differential
equaticns, Lie groups and algebra theory, cohomelogy theory and

scientific computing.

Celestial mechanics is the origin of dynamical systemns, linear algebra,

topology, variational calculus and symplectic geometry.
Arnold adds a footnote to the comment about cryptography:

The creator of modern algebra, Vigte, was the cryptographer of King
Henry IV of France.

Of course not all mathematics was motivated by cryptography, hydredynamics, and

celestial mechanics, but an awful lot of itwas. And his implicit argument that applied

/25 birth to pure math is historical

arfect. Sometimes pure math gives rise to

ed math, but much more often it's the other way around.

W Vladimir I. Arnold & ), [4esis (e ¢34 Lais l35] John D. Cook® JJ& L 5,5l doiall 5 )50 2 — élS%’VK.’:J\
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368 - CORRESPONDANCE

167.

LAGRANGE A D’ALEMBERT.

A Borlin, ce 21 soptombro 1781,

Tai recu, mon cher et illustre ami, votre dernigre Lettre, et je suis
infiniment sensible aux nouvelles margues qu’elle contient de la conti-
nuation de votre amitié. Je voulais attendre, pour vous récrire, que
j'eusse quelque chose d’intéressant & vous mander ou & vous faire
passer, mais je ne puis m’empécher de profiter de I'offre obligeante
que M. le baron de Bagge (') a bien voulu me faire de s¢ charger d’une
de mes Lettres pour vous, ne fit-ce que pour vous donner simplement
de mes nouvelles el me recommander i votre souvenir. Les chaleurs de
I’été, qui ont été cette année tres-fortes ici, m'ont empéché de ter-
miner, comme je me I’étais proposé, différentes choses que j’ai depuis
quelque temps sur le métier ; je vais maintenant les reprendre, mais je
ne puis encore prévoir ce qu’elles deviendront. D’ailleurs, je commence

A sentir que ma force d’inertie augmente peu i peu, et je ne réponds
pas que je fasse encore de la Géométric dans dix ans d’iei. Il me semble
aussi que la mine est presque déja trop profonde, et qu’a moins qu’on
ne découvre de nouveaux filons il faudra tot ou tard I'abandonner.

La Physique et la Chimie offrent maintenant des richesses plus bril-
lantes et d’une exploitation plus facile; aussi le gout du siecle parait-il
entierement tourné de ce coté-la, et il n’est pas impossible que les
places de>Géométrie dans les Académies ne deviennent un jour ce que

sont actuellement les chaires d’arabe dans les Universités.

Le Volume de 1779 est imprimé, mais je n’ai pu encore en avoir un

(1) Charles-Ernest, baron de Bagge, chambellan du roi de Prusse. Il se rendit ridicule &
Paris et ailleurs par ses manies musicales. 1l avait la passion du violon, jouait faux, et se
croyait le premier virtuose de son temps. Joseph II fui fit un jour ce compliment ironique,
qu'il prit au sérieux : « Baron, je n’ai jamais entendu personne jouer du violon comme vous.»
Poir entre autres, sur lui, les Meinoires secrets de ln Republigue des Lettres aux dates de
février 1782 et des 3 et 5 juin 1783,

DE LAGRANGE AVEC DALEMBEKT. 369

exemplaire pour vo

s Uenvoyer. Je compte que vous aurez recu les deux
précédents, que jlavais mis duns un paquet adressé, il y a quelque
teaps, 4 M. de Condateet. Ce paquet contenait aussi des exemplaires
de mes derniers Mémoires pour MM. de Condoreet et, de la Place. et
voict deux Planches que je vous prie de vouloir bien leur remetire de
ma part pour compléter ces exemplaives. Elles n’étaient pas encore
prétes lorsque je fis le paquet. Comme ces Mémoires ne contiennent
que des chases ordingires, et que d’aillenrs vous receves régulizrement
ngs Yolumes, j"at eru devoir me dispenser de vous en covoyer aussi un
cxemplaire & part; mais je vais donner  Pimprimeur mon travail sur
la libration de la Lune, e, aussitot qu'il ¥ en aura un exemptaire de
prét, je thcherai de vous le faire parvenir, Je profiteral aussi de la pre-
mitre occasion que j'aurai pour vous envayer fes nouvesux Volumes de
Geettingue, que j’ai chez moi depuis gquelque temps, ainsi que notre
nouveau Yolume.

Voudriez-vous bien avoir ka bonté de dire & M. de Condorcet que jai
reeu les denx Lettres qu'tl m'a fait honnour de m’éerire par MM. Cail-
lard et Poterat? Comme ils n’ont fait I'un et Pantre que passer ici, je
n'ai pu que les voir un moment, et j'ai fort regretté de n'avoir pa cul-
liver leur connaissance autant que leur mérite me avait fait deésiver,
Je remercie M. le Condorcet de iout mon eceur de me I'avoir procurée,
Je vous prie gussi de lui dire que depuis longtemps je n’ai re¢u aucun
de vos Volumes et que le dernier que je posséde est celul de 1776 Je
crois qu'ila paru aussi le neuvieme Volume des Meémotres présentés ('],
que je n'ai pas non plus. Ea partie historique de ces Volumes est une
des choses que je Hs avee ke plas de plaisir et J'intérét, et o’est ce qui
me fait principalement souhaiter de les recevoir, $i vous avez des nou-
velles du marquis Caraccioli, Je vous prie de m'en donner; je remets &
luiéerire & la fin de 'année, et jo serais bien aise de savoir si I'on doit
adresser les Lettres divectemoent a Palerme ou bien & Naples,

Adien, mon cher et illustye ami; porlez-vous bien et conservez-moi

{1} Cest-d-diro du Reeveil iutitulé Memvires de Muthenmiiques e¢ de Plysique pre-
sentds a D dcadenie myele dox Scienoes pav divers savmeis ef Gy dons ses assembives.
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« .. D'ailleurs, je commence a sentir que ma force d'inertie
augmente peu a peu, et je ne réponds pas que je fasse
encore de la Géométrie dans dix ans d'ici. Il me semble
aussi que la mine est presque déja trop profonde, et qu'a
moins qu'on ne découvre de nouveaux filons il faudra tét

ou tard l'abandonner. La Physique et la Chimie offrent
maintenant des richesses plus brillantes et d'une exploitation
plus facile; aussi le gotit du siecle parait-il enti¢rement
tourné de ce coté-Ia, et il n'est pas impossible que les places
de Géométrie dans les Académies ne deviennent un jour ce que

sont actuellement les chaires d'arabe dans les Universités.»

«The shaft becomes too deep . . and if new veins would not be
discovered, places for geometry in the Academy will become
what already are the Arabic chairs at the Universities. »

Lagrange to D’Alembert, 1781

870 CORRESPONDANCE

votre préciease amitié, i laquelle je réponds par toute la tendresse de la
mienne. Je vous embrasse de tout mon coeur.

D’ALEMBERT A LAGRANGE.
A Daris, ce o dieembre 1780

Jalrecu, mon cher et illustre ami, votre dernigre Lettve par M. le
baron de Bagge. Je n'y ai pas répondu plus tot parce que je navals
rien ('intéressant & vous mander, el que je respecte vos toments,
migux empluyés qu’%\ lire mes faduises. Cependant, vous trouverez ui-
joint un mot que je vous prie de faire insérer dans ke prochain Yolume
de votre Académie, 3'il est possible. Cest peu de chose, ¢t ¢’est 4 peu
prés tout cc que je puis faire b présent en Mathématiques; nais c'est
une petite correction pour les Memoires de Berlin de 1740, et pour mon
septieme Yolume (' Opuseules (*).

Je vous félicite d’avoir pu reprendre avee I'natomne vos profonds
travausx, et J'attends avee grfmde impalit:ncc vos belles reeherches snr
la libration de la Lane. Quoique je ne sois plus guére capable dap-
plication, je ferai un effort pour lire ce Mémoire intéressant, F'ai recu
les paquets que vous m’avez envoyés, et je les ui remis & leur destina-
tion. Je me suis aussi acquitté de vos commissions pour M. de Con-
dorcet. Il m’a dit que vous recevriez incessuminent les Volumes de I'Aca-
démie qui vous manguent, et que pout-dtre vous avez maintenant re¢us.
Vous avez bien raison d’en aimer la partie historique{®). Les Eloges
surtout sont trés-intéressants et sont entendus avec le plus grand plaisir
& nos séances publiques. 4

{1} Cetie petito correction figure dans le Yolume de 1780 (p. 376-178), 2ou3 le titre £e-
trait &'une Lejtre de M, @ dicwbert a M. de fa Grange, e 1§ dérembre 1781,
{*) La partis bistorique des Memsirvs de I'Aeadémie ol les Bliges seut fails par Condoreol.
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1. Miloud Zellouf, “Beyond Avesena: The Natural Quest for the Theory of the Impulsion” Draft unpublished manusicript.
2. Michio Kaku & Jenifer Triner, “Beyond Einstein: The Cosmic Quest for the Theory of the Universe” Sterling Pub. (1986).

3. Laurie M. Brown, “Yoichiro Nambu: The First Forty Years” Progress in Theoretical Physics, Supplement “Brief Personal
History”, no. 86 (1986), pp. 1—11, draft of manuscript, p. 5, courtesy of Prof. Laurie Brown, Northwestern University.

4. Morris Low, Science and The Building of a New Japan, Palg-Macmillan (2005)

5. Laurie M. Brown & Yoichiro Nambu, “Physicists in Wartime Japan,” Scientific American, vol. 279, no. 6 (December 1998),
pp. 96—103. — Laurie Brown & Yoichiro Nambu often collaborate on projects involving the history of Japanese physics.

« Hideki Yukawa (1907—1981), Japan’s first Nobel Prize winner in physics. Yoshio Nishina (1890—1951) proved to be a
father figure for Shin-Ichirc Tomonaga (1906—1979), and upon his death, Tomonaga would take on many of the leadership
roles that Nishina had served in. The stories of the lives and careers of these and other physicists, and how they contributed

to building a new Japan after the war.»®

« In 1959 Leo Esaki, a doctoral student at the University of Tokyo, submitted a thesis on the quantum behavior of

semiconductors, work that eventually led to the development of transistors. He would bring home a third Japanese Nobel

in physics, shared with Ivar Giaever and Brian D. Josephson, in 1973.»)

Discoveries in Physics
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() The publications:

M. Zellouf, N. Moummi, A. Labed and K. Aoues, (2011) Multiple solutions and stability of multi-sided lid-Driven
cavity flows, Revue ANDRU 1(3): 156—165.

M. Zellouf, N. Moummi, A. Labed and K. Aoues (2016) Multiple solutions for flow mode-transition in an
inclined cavity generated by natural convection, Journal of Applied Engineering Science & Technology, 2(2): 75-85
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MULTIPLE SOLUTIONS AND STABILITY OF MULTI-SIDED LID-
DRIVEN CAVITY FLOWS

Miloud ZELLOUF*, Noureddine MOUMMI, Kamel AOUES, Adnane
LABED
Mechanical Engineering Department, University of Mohamed Khider Biskra,
P.O. Box 145, Biskra 07000, Algeria.
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ABSTRACT- multiple solutions and stability of multi-sided lid-driven cavity
flows

This work is concerned with numerical simulations of multi-sided lid-driven
square cavity flows. Firstly the well-known case of a single-sided lid-driven cavity is
simulated before treating the problem incorporating more than one lid-driven. In the
two-sided driven cavity configuration, the upper wall is moved to the right and the
left wall to the bottom with equal speeds. Three sided lid driven cavity problem are
not discussed herein for saving the symmetric structure of flow field and limiting the
breaking symmetry effect just by the main control parameter; for that the four-sided
driven cavity case is considered, where the upper wall is moved to the right, the
lower wall to the left, while the left wall is moved downwards and the right wall
upwards, with all four walls moving with equal speeds. At low Reynolds numbers,
the resulting flow field is symmetric with respect to one of the cavity diagonals for
the two-sided driven cavity, while it is symmetric with respect to both cavity
diagonals for the four-sided driven cavity. At a critical Reynolds number of 1175 for

= Corresponding author. Tel.: +213 (0) 662 380 866; Fax: +213 (0) 33 73 39 89
E-mail address: zellouf_miloud@hotmail.com (Miloud Zellouf).



the two-sided driven cavity and 125 for the four-sided driven cavity, the flow field
bifurcates from a stable symmetric state to a stable asymmetric state. Three possible
flow solutions exist above the critical Reynolds number, an unstable symmetric
solution and two stable asymmetric solutions. All three possible solutions are
recovered in the present study and flow bifurcation diagrams are constructed.

KEYWORDS-Fluid mechanics, Incompressible flow, Multi-sided lid-driven
cavity, Multiplicity of states and multiple solutions, Stability and bifurcation.

INTRODUCTION

Flow in an enclosure driven by moving boundaries is a fundamental problem in
fluid mechanics. This type of flow can be found in large variety of natural, industrial
and biomedical applications, or in academic research, where, the popularity of the
problem is due to the simplicity of the geometry while retaining a plethora of
interesting fluid flow phenomena such as vortex dynamics, hydrodynamic stability,
flow bifurcations and transition to turbulence and it may be used as a benchmark
problem for testing various numerical methods and hydrodynamic stability
problems. A classic example is the case where a flow is induced by the tangential
movement of either one or both facing cavity boundaries (i.e. one-sided lid-driven
(OSLD) cavity flow or two-sided lid-driven (TSLD) cavity flow, respectively). One-
sided lid-driven cavity flow was studied extensively in the literature and dates back
to the pioneering works of Burggraf [1] and Pan & Acrivos [2]. Experimental and
numerical studies in this context have been performed for over 40 years. For
exemple the work by Bogatyrev & Gorin [3], Prasad & Koseff [4], Botella & Peyret
[5] and Peng et al. [6].

The one-sided lid-driven cavity flow problem was extended to the case of two-
sided lid-driven cavity flow by Kuhlmann & al. [7, 8], where the flow is driven by
the parallel or antiparallel motion of two facing walls. The facing walls could be
either the left and right walls or the upper and lower walls. At low Reynolds number,
the flow consists of separate co-or counter-rotating primary vortices that form
adjacent to each moving wall. At higher Reynolds numbers, instabilities arise in the
flow due to the interaction between the two primary vortices. Moreover, their results
showed that multiple flow solutions may exist, depending on the cavity aspect ratio
and the value of the Reynolds number. Numerical simulations of two-sided lid
driven cavity flow with temperature gradient and accompanied by heat and mass
transport were also reported by Alleborn & al. [9] and Luo & Yang [10].

The majority of papers dealing with the numerical solution of the lid-driven
cavity problem have been concerned with the two-dimensional problem. Papers for
the two-dimensional problem incorporating more than one lid-driven have also
appeared in the recent literature [7, 10]. Recently, Wahba [11] has considered the
case of a two sided non-facing lid-driven (TSNFLD) cavity in which the flow is
driven by two non-facing walls and the four-sided lid driven cavity.

The three-dimensional transport phenomena often differ from the two-
dimensional cases under the same boundary conditions due to the three-



dimensionality effects. 3D structures, called Taylor-Gértler (TG) or Taylor-
Gortler—like (TGL) vortices can be found in most of real flows. For example, the
instability problem of transient Couette flow in a cylinder is closely related with that
of TG vortices. Of note is that TGL were first observed in 1983 by Street and co-
workers [12]. Different Reynolds numbers and spanwise aspect ratios were
considered in their series of experiments [13-15]. According to their work, in a
cavity of spanwise aspect ratio (SAR) 3:1:1, eight pairs of TGL vortices were
observed at Re = 3000. With increasing Reynolds number 11 pairs of TGL vortices
reported at Re = 6000. In the range 6000< Re < 8000 the cavity is crowded with too
many TGL vortices so that heir interactions excite the unstable flow to such a degree
that the flow system is more adequately classified as turbulent. While experimental
work has been conducted at Re = 1000 and 2000, numerical results have seldom
been discussed. We can cited in this context the work by Cortes & Miller [16],
Chiang & al [17], Albensoeder & Kuhlmann [18] and Bouffanais & al [19], where
the TGL vortices first predicted numerically by Freitas & al [20], the majority of
these studies have been carried out at Re = 3200 for a cavity of either SAR 1:1:1,
[16] or 3:1:1, [20]. In the light of these 3D numerical studies, shear-driven cavity
flow can be referred to as being nearly 2D at low Reynolds numbers. As the
Reynolds number is increased, working variables become appreciable in the third
dimension. Such a distinction is mainly attributable to presence of two end walls.
With increasing Reynolds number the presence of large disturbances may suddenly
open the door to chaotic fluctuation and give rise to flow turbulence. More recently,
Chicheportiche & al. [21] studied instabilities in the 3D-LDC flow with span wise
periodic boundary-conditions (to suppress the role of the end walls) at Re =
1000.The authors identified by DNS and global linear stability the mechanisms of
transition and found a 3D steady TGL flow. This means that the rigid end-walls
suppress TGL vortices in driven cavities with low span length.

A review of the available literature shows that the 3D cavity flows with more
than one moving wall have not been discussed by previous researchers. Very
recently, Beya & Lili [22] extend the 2D-TSNFLD cavity flow which were
developed in [11] in three dimensions where the top wall is moving to right, while
the left vertical wall is moving down with the same constant velocity. According to
[11], was regarded the bifurcation reported in their approach for the 3D-TSNFLD
with no-slip end walls in the span wise direction cannot leads to TGL vortices. As a
result, we propose for a systematic analysis in this first part of study we present only
the 2D-TSNFLD cavity flow according to [11] for comparison and validation, but
our main purpose is to give extensive numerical results for both low and high
Reynolds number, hoping these results could serve as benchmark.

PROBLEM FORMULATION AND NUMERICAL SOLUTION

The lid-driven cavity flow is modeled by the two-dimensional incompressible
Navier—Stokes equations. This set of governing equations is of nonlinear nature and
hence the existence of multiple solutions is possible. To solve the governing
equations, they are re-written in terms of a non-dimensional stream function-
vorticity formulation as follows:



A pseudo-transient approach for a finite difference scheme with second order central
differencing based on the vorticity and stream-function of the two-dimensional
incompressible Navier-Stokes equations. Solve the parabolic vorticity transport
equation by means of the alternatives directions implicit (ADI) method and the
elliptic Poisson equation by the successive over-relaxation (SOR) scheme with
optimum relaxation factors. The global convergence was guaranteed by controlling
the residuals norm of all equations to be solved by setting its variation to less then
108, Moreover, all reported flow cases were simulated by using the boundary-
refined grid = 121 x 121.

VALIDATION STUDY

Prior to predicting the flow physics of interest in the multi-sided lid-driven

cavity, it is best to conduct a validation study to confirm the analysis tools. For
purposes of validation and evaluation we consider the well-known case of a one-
sided lid driven cavity flow at Reynolds number (Re = 1000) where the grid
independence is reported in table I. The boundary conditions and the vortices
generated in this configuration are shown in figure 1.
The computed streamlines and vortices are given in figure Il. The maximum
absolute values for the stream-function and vorticity within the primary vortex is
reported in table Il and compared with other numerical results available in the
literature. In figure 111, the present computed velocity profiles along the vertical and
horizontal centerlines of the cavity are compared with the results of Erturk & al.
[23]. This confirmation study supports the conclusion that the present numerical
procedure agree quantitatively well with other numerical results reported in the
literature.

Table 1. Grid independence for the one-sided lid-driven cavity flow (Re = 1000).

Grid Spatial i X y
accuray
081x081 Ah? 0.1154 0.5325 0.5660
097x097 Ah? 0.1165 0.5325 0.5655
121x121 Ah? 0.1173 0.5320 0.5650
145x145 Ah? 0.1173 0.5320 0.5650

153x153 Ah? 0.1175 0.5315 0.5650




Figure 1. Stream traces of the OSLD cavity flow (Re = 1000).
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Table 11. Properties of the primary vortex for OSLD cavity flow (Re = 1000).

References N° Grid Spatial 1 ® X y
accuray
Present 121x121 Ah? 0.1173 2.0621 0.5320 0.5650

Botella & Peyret  Ref.[05] N =128 N=128 0.1189 2.0677 0.5308 0.5652

Wahba Ref[11]  200x200  Ah? 0.1175 - 05315 0.5650
Ertruk & al. Ref.[23] 601x601  Ah? 0.1187 2.0655 0.5300 0.5650
Goyon Ref.[25] 129x129  Ah? 0.1157 - 05312 05625

Figure I1. Streamlines and vorticity contours for the OSLD cavity flow (Re =1000).
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Figure I11. Velocity profiles along centerlines of the OSLD cavity (Re = 1000).
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COMPUTED RESULTS AND DISCUSSION
TWO-SIDED NON-FACING LID-DRIVEN CAVITY FLOW

The test problem was that of the two-sided non-facing lid-driven (TSNFLD)
cavity flow, where the upper wall is moved to the right, while the left wall is moved
to the bottom with equal speeds. The right and bottom walls are kept stationary. Due
to such wall motion, two primary and two secondary vortices are formed, with the
resulting flow field being symmetric about the first cavity diagonal, this behavior of
the flow structure is illustrated in figure I1V.

The Reynolds numbers considered were 250, 500, 750, 1000, 1250, 1500 and
2000. Regarding this series of calculations, it is worthwhile to explain why we
focused our attention on Re = 1500. The rationale can be briefly described as
follows. Prior to Re = 250 the fluid flow will most likely display a diagonal
symmetry. In the range Re = 500-1000 the flow gradually develops into a stable
steady-state and the symmetry of the flow is strongly appeared. At Re = 1500 the
symmetric pattern-preserving behavior disappears from the cavity, whereas the
existence of a single stable solution branch is no longer a definitive outcome. Suffice
it to say that when Re > 1000, transient analysis needs to account for the flow
unsteadiness. The quest for the critical Reynolds number that gives a hint of the
onset of breaking-symmetry phenomenon by Collapse of the diagonal order of
vortices is thus of importance.

By return to the range Re = 1000-1500, many numerical exercises for different
Reynolds numbers values in this range reveal that between Reynolds number values
of 1150 and 1200, the flow is shown to bifurcate from a stable symmetric state to a
stable asymmetric state. Hence, the critical Reynolds number for flow bifurcation in
two-sided non-facing lid driven cavity is evaluated to be 1175. This value is within
an estimated error of + 2.4%.



Figure 1V. Stream traces of the TSNFLD cavity flow (Re = 1000).
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Figure V. Increasing Reynolds number for the TSNFLD cavity flow.
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Figure V1. Bifurcation diagram for the TSNFLD cavity flow.
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The main purpose of depicting the flow structure in figure V is to illustrate the
evolution of the flow field as the Reynolds number is increased. It can be seen that
as the Reynolds number increases, the size of the secondary vortices increases at the
expense of the primary vortices. To give us a clear picture of the flow mode
transition, we construct the flow bifurcation diagram, as seen in figure VI, where the
multiple steady-state flow solutions are successfully recovered.

FOUR-SIDED LID DRIVEN CAVITY FLOW

The geometry for the four-sided lid driven cavity problem is described in figure
VII. The upper wall is moved to the right, the lower wall to the left, while the left
wall is moved downwards and the right wall upwards, with all four walls moving
with equal speeds. Four distinct vortices are formed, with the resulting flow field
being symmetric about both cavity diagonals. The effect of increasing Reynolds
number on the flow field is shown in figure VIII. Between Reynolds humber values
of 120 and 130, the flow is shown to bifurcate from a stable symmetric state to a
stable asymmetric state. Hence, the critical Reynolds number for flow bifurcation in
the four-sided driven cavity is evaluated to be 125. This value is within an estimated
error of + 4.2%.

The flow bifurcation diagram is constructed by plotting the value of the stream
function at the geometric cavity center against the Reynolds number. The resulting
bifurcation diagram is shown in figure IX. Only one solution branch exists for
Reynolds number values lower than the critical value, representing the stable
symmetric flow solution. However, for Reynolds number values higher than the
critical value, two stable branches exist, representing the two possible stable
asymmetric solutions, while the dotted horizontal line represents the unstable
symmetric flow solution.



9

Figure VII. Stream traces of the FSLD cavity flow at Reynolds number (Re = 100).
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Figure IX. Bifurcation diagram for the FSLD cavity flow.
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RECOVERY OF MULTIPLE FLOW SOLUTIONS

In general, multiple stable and unstable steady-state flow solutions are
successfully determined using the continuation method [10]. However, Wahba [11,
26] showed that, for the case of plane sudden expansion flows and the case of multi-
sided lid driven cavity, multiple solutions can also be recovered simply by adjusting
the iterative solver. Indeed, in [26], even the unstable solution could be recovered by
fine tuning the iterative solver. A similar procedure is adopted in the present study to
recover multiple solutions for the two-sided and four-sided lid driven cavity flows.

In figure V, one of the two stable asymmetric solutions for the two-sided driven
cavity flow, at Re = 2000, is recovered. It should be noted that in this asymmetric
solution, the value of the stream function at the center of the left primary vortex is
greater than the value of the stream function at the center of the right primary vortex.

To recover the other asymmetric solution, the sweeping direction of the line
implicit solver for the stream function and vorticity transport equations is reversed
where the flow domain is now swept repeatedly from right to left. This change in the
numerical procedure immediately leads to the recovery of the other asymmetric
solution. For this solution, the stream function value at the center of the left primary
vortex is now smaller than the corresponding stream function value for the right
primary vortex.

To recover the unstable symmetric solution, a zero value for the stream function
is enforced along the line of symmetry (i.e. cavity diagonal). Note that this zero
stream function value is equal to the value of the stream function enforced along the
four walls enclosing the square cavity.

As a summary, all three possible flow solutions for Re = 2000 are shown in
figure X. The first asymmetric solution, asymmetric (1), is the one obtained by
sweeping the flow domain from left to right, while the second asymmetric solution,
asymmetric (2), is obtained by using the opposite sweeping direction i.e. from right
to left. Stream function values at the geometric cavity center are given in table 1ll
for three grids considered in the present study.
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Figure X. Multiple flow solutions for the TSNFLD cavity problem (Re = 2000).
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Table 111, ymig values for the two-sided lid-driven cavity flow (Re = 2000).

Grid Asymmetric (1) Symmetric Asymmetric (2)
097x097 WYmid = 0.1105 Wmid = 0.0000 Wmid = - 0.1105
121x121 Ymid = 0.1124 ymia = 0.0000 Wmid = - 0.1124
145%145 Wmid = 0.1130 wmid = 0.0000 Wmid = - 0.1130

Figure XI. Multiple flow solutions for the FSLD cavity problem (Re = 200).

Asymmetric (1) Symmetric
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Table 1V. ymig values for the four-sided lid-driven cavity flow (Re = 200).

Grid Asymmetric (1) Symmetric Asymmetric (2)
097x097 Wmig = - 0.0535 Wmid = 0.0000 Wmig = 0.0535
121x121 Wmig = - 0.0572 Wmia = 0.0000 Wmi¢ = 0.0572
145x145 Wmid = - 0.0575 wmid = 0.0000 ymig = 0.0575

A similar procedure is applied to recover all possible flow solutions for the four-
sided lid driven cavity flow at Re = 200, one of the two asymmetric solutions is
recovered, as shown in figure VIII. To recover the other asymmetric flow solution, a
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horizontal tri-diagonal solver is used instead of the vertical one, and the flow domain
is swept repeatedly upwards till convergence. Such a procedure results in the
recovery of the second asymmetric solution. Moreover, to recover the unstable
symmetric flow solution, a zero value for the stream function is enforced along one
of the cavity diagonals and a solution satisfying the governing equations is
guaranteed by monitoring the residual for the stream function and vorticity transport
equations at all points within the flow domain, including the points located on the
cavity diagonal. All three possible flow solutions for the four-sided lid driven cavity
problem are given in figure XI. Stream function values at the geometric center of the
cavity are given in table IV for three grids considered in the present study. Itis
worth noting that flow solutions reported in the present study were further
duplicated using a variety of alternative iterative schemes; the details of these
methods are not discussed herein. Finally, it should be noted that, from a physical
point of view, the stable asymmetric solution to be realized experimentally would of
course depend on the imposed initial conditions and flow perturbations.

CONCLUSIONS

Numerical simulations by using the pseudo-transient approach for a finite
difference scheme with second order central differencing, based on the vorticity and
stream-function formulation of the 2-D incompressible multi-sided lid-driven cavity
flow are presented to obtain multiple steady solutions for two- and four-sided lid-
driven square cavities. For low Reynolds number flows, the resulting flow field is
symmetric about one of the cavity diagonals for the two-sided non-facing lid-driven
cavity and about both cavity diagonals for the four-sided lid-driven cavity.

At a critical Reynolds number of 1175 for the (TSNFLD) cavity flow and 125 for
the (FSLD) cavity flow, instabilities arise causing the flow to loose symmetry and an
asymmetric flow field prevails. Flow bifurcation diagrams are constructed, showing
the existence of three possible solutions beyond the bifurcation point. Two of the
three flow solutions are stable and asymmetric, while the third solution is unstable
and symmetric. All three possible solutions are recovered for the specific cases of
Re = 2000 for the two-sided problem and Re = 200 for the four-sided problem.

NOMENCLATURE

L length of square cavity side

t time

u horizontal component of velocity

% vertical component of velocity

Uo velocity of the driven cavity side (top and/or bottom)
Vo velocity of the driven cavity side (left and/or right)

X horizontal location
y vertical location

v kinematic viscosity

v stream function

® vorticity

Re Reynolds number = ugL/v
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OSLD one-sided non-facing lid-driven (cavity flow)

TSNFLD two-sided non-facing lid-driven (cavity flow)

FSLD four-sided lid-driven (cavity flow)

PV primary vortex for OSLD cavity flow

BLV bottom left vortex for OSLD cavity flow

BRV bottom right vortex for OSLD cavity flow

LPV left primary vortex for TSNFLD cavity flow

RPV right primary vortex for TSNFLD cavity flow

LSV left secondary vortex for TSNFLD cavity flow

RSV right secondary vortex for TSNFLD cavity flow

TV top vortex for FSLD cavity flow

BV bottom vortex for FSLD cavity flow

LV left vortex for FSLD cavity flow

RV right vortex for FSLD cavity flow

TGL Taylor-Gortler—like vortices

SAR spanwise aspect ratio

ADI alternatives directions implicit (method)

SOR successive over-relaxation (scheme)
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Although experimental studies, Hart (1971), Hollands and Konicek
(1973), Ozoe et al. (1975), Arnold et al. (1976) and Hamady et al.
(1989), it is found that, the heat transfer decreases and reaches

1. Introduction

Natural convection in fluid enclosures has received much

attention and extensively studied both experimentally and . . . .
y P v its lowest value, and then gradually increases again when the tilt

theoretically (Bodenshatz et al. 2000). The interest in this class of angle changes from 0° to 90°. The minimum point occurs at the

flows has been motivated by diverse engineering problems. It is angle where the flow changes its mode from the three-

the result of complex interaction between finite-size fluid . . . -
P dimensional roll pattern (caused by the thermal instability) to the

systems in thermal communication with all the walls that confine

) o - two-dimensional circulation (caused by the hydrodynamic effect).
it. The thermal convection in inclined cavities represent the

. ) . ) These research studied cavities with small to medium aspect
typical behavior of many physical systems (e.g., collection of solar

] . ratios, with maximum aspect ratio of 15.5, except the study of
energy such as solar collectors, storage devices, operation and

Hollands and Konicek (1973) that have used an enclosure with

safety of nuclear reactors, effective cooling of electronic aspect ratio equal to 44. In the study of Elsherbiny et al. (1982)

components and machinery, energy efficient design of buildings

and Elsherbiny (1996), six aspect ratios between 5 and 110 were
and rooms, double or multi-pane slope windows and skylights,

experimentally examined to find the influence of the tilt angle

material processing equipment such as melting and crystal . .
P g equip J ¥ and the aspect ratio on the heat transfer rate. A correlation for

growth reactor) (See Huppert and Turner 1981 and Turner 1985). tilt angle 60° was developed.

Most of published research in this field that exit until today can Many numerical studies were also performed to solve the

be classified into two groups:

i) differentially heated enclosures (conventional convection) and
ii) enclosures heated from below and cooled from above
(classical Rayleigh-Bénard convection), (See also Ostrach 1972
and Catton 1978). The natural convection in inclined enclosures
combined the two class of flows mentioned above with special
interest because the associated flow mode-transition and
hysteresis phenomenon (dual or multi-steady solutions) in a 2-D
heated inclined enclosure, that had been observed and reported
by many researchers:

™ Corresponding author. E-mail address: zellouf_miloud@hotmail.com

problem of natural convection in inclined enclosures. Soong et al.
(1996) in order to investigate the effect of inclination angle from
0° to 90° on flow mode-transition in an inclined rectangular
enclosure heated from below and cooled from above with two
insulated side walls. Different aspect ratios were considered (AR
=1, 3 and 4) with Rayleigh number ranged from 1.5x10° to 2x10°,
flow mode-transition and hysteresis phenomenon for Ra>2000
were demonstrated. In addition hysteresis effect were also
reported by Corcione (2003), thus confirming that bidirectional
differential heating with various thermal conditions imposed on

This work is licensed under a Creative Commons Attribution 3.0. License (CC BY 3.0) http://creativecommons.org/licenses/by/3.0/
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Nomenclature

>
]

aspect ratio, H/L

gravitational acceleration [m s ’2]
height of the side wall [m]

length of the side wall [m]

mean Nusselt number

pressure [Kg m™ s

Prandtl number, v/a

error in energy balance

Rayleigh number, pr(Th-TC)H3/au
temperature [k°]

zo3 v grTe

vector of velocity

& oA

dimensionless velocity components
dimensionless coordinates

N X
< <

value of percent deviation
Greeks symbols

a thermal diffusivity [m®s ]
coefficient for thermal expansion [k° 1, -(Op/oT)e/p

x®

cosines director & = sin WT+)7

Laplacian operator A=V"=(8"/ox%)+ (6" / 0y*)
Nabla operator, V = (8/0x)i +(8/dy)]
dimensionless temperature function, (T-T.)/(Th-Tc)
kinematic viscosity [kg m™ 571]

kinematic viscosity [m2 s

fluid density [kg m 3

(Phi) inclination angle [deg]

dimensionless stream function

dimensionless vorticity.

E€HSD T DD g

Subscripts

cold wall or critical

hot wall

horizontal wall

vertical wall

max maximum

min minimum

0 related to the mean temperature
related to the vector value

< IT SO

the side walls of the cavity, has a significant effect on flow mode-
transition of natural convection inside horizontal enclosures
heated from below and cooled on the top. Wang and Hamed
(2006) also, carried out a numerical investigation on the effect of
some heating configurations that was previously considered by
Corcione (2003), they combined the cavity inclination angle of
flow-pattern of natural convection that was reported by Soong et
al. (1996) with imperfect thermal boundary conditions in
rectangular enclosure with single aspect ratio of 4.

Recently Khezzar et al. (2012) investigated numerically the flow
structure and heat transfer behavior due to natural convection in
enclosures of aspect ratios 1, 3, 6 and 12 for Ra = 104, 10° and 10°
and for inclination angles between 0° and 180° and (Pr = 10). The
flow-mode transition and the Nusselt variation with the
inclination angle have been presented.

More recently, Chang (2014) carried out a numerical study of
two-dimensional natural convection in differentially heated
enclosure, in order to investigate the effect of the aspect ratio
and inclination angle on flow and heat transfer for (AR =1, 2, 4
and 8, 0°< ¢ < 180° and Ra = 10%, 10*, 10° and 10° with Pr = 0.71),
moreover many correlations for average heat transfer in
horizontal (¢ = 0°) and vertical (¢ = 90°) configuration are
proposed.

In our laboratories, there have been many investigations on the
natural convection in confined enclosures (Labed et al. 2005,
Aoues et al. 2007 and Zellouf et al. 2014), and many contributions
on the enhancement and testing of thermal performances of
solar FPCs designed for heating, cooling and drying applications,
e.g. (Moummi et al. 2004, Moummi et al. 2010, Aoues et al. 2011,
Labed et al. 2012, 2013, 2014 and 2015). In all these studies, the
authors studied the heat transfer the air channel duct.
The aim of the present paper is to investigate the natural
convection in an inclined rectangular cavity heated from below

with insulated vertical walls (at ¢ = 0°). The study is conducted
numerically under the assumption of steady laminar flow, the
Rayleigh number based on the cavity width in the range between
10° and 10*, and the inclination angle changes from horizontal to
vertical position, whose effect on the flow patterns formation,
the heat transfer rates and the temperature distributions are
examined. Hysteresis phenomenon occurring in the inverse
courses of inclination is also studied. Parameter maps of Ra vs. ¢
are proposed, in which flow patterns characterized by various
mode are designated.

2. Mathematical formulation of the problem

The geometry and computational domain considered in the
proposed model are depicted schematically in Fig. 1 and Table 1.
A two-dimensional Cartesian coordinate system is selected such
that the y-axis points positively upwards while the gravitational
force acts downwards. The rectangular enclosure of height (H)
and length (L) filled with air is differentially heated on a sidewall,
while the other opposite wall is kept at uniform cold
temperature. The top and bottom sidewalls are assumed
adiabatic (at ¢ = 90°), and can be rotated around the horizontal
axis (x). Each configuration is defined by the angle of inclination.

2. 1. Governing equations

The buoyancy-driven flow is considered to be 2D-steady and
laminar. The fluid is assumed incompressible, with constant
physical properties and negligible viscous dissipation. The
buoyancy effects upon momentum transfer are taken into
account through the Oberbeck-Boussinesq approximation (see
Oberbeck 1879, Boussinesq 1903 and Zeytounian 2003).

Once the above assumptions are considered for solving the
conservation equations of mass, momentum and energy, we can
write the dimensionless governing equations as follows (see
Jaluria 1980):
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Cavity filled with air
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Fig. 1. Physical model, boundary conditions and the coordinate system of
problem.

Table 1. Summary of geometric and model parameters.

Fixed Variable
parameters parameters
Geometric parameters AR=4(H=4,L=1) ¢ =0°-90°
Ranges of model parameters Pr=0.71 Ra =10’ - 10
The equation of continuity:
Vi=0 (1)

The equations of motion are given by:
(U.V).U= —VP + AU + Pr~'Rab.8 (2)

The equation of energy is as follows:
U.Ve = Pro1ae (3)
Where:

0 = (T—-T.)/(T, — T.) : the temperature function,
8 = sin (¢p) T+ cos ()7 : the cosines director,

_ pgB(T, — TOH?
ap

Ra : the Rayleigh number,

Y
Pr =a : the Prandtl number, set to 0.71.

The well-known Oberbeck-Boussinesq approximation s
employed, i.e., those physical properties are constant except for
the density in the buoyancy term, which is assumed to vary with

temperature only according to:

p=po[1—B(T—Tol
Where:

1/0
B= [— (_p)] :is the coefficient for thermal expansion.
p\aT/l,

2. 2. Boundary conditions

The left and right walls are maintained at constant temperatures;
hot temperature (6 = 1) is applied to the left sidewall while the
other right wall is kept at uniform cold temperature (6 = 0). The

remaining walls are assumed insulated from the surrounding.
Thus, the boundary conditions (in vertical position ¢ = 90°) are as
follows:

u=v=0 at four walls

06/dy=0 at y=0 and y=AR (4)

0=1at x=0andB=0atx=1
Where AR = H/L, is the height-to-length aspect ratio of the
enclosure, set to 4.
No slip boundary condition (u = v = 0) is imposed at the four walls
of the cavity. Two side walls are thermally insulated, whereas the
other two opposite walls are kept at the uniform temperatures
(Ty) and (T,), respectively.

3. Computational procedure
3. 1. Numerical algorithm

The above system of equations (1-3) with the boundary
conditions (4) is solved through a control-volume formulation
based of the finite-difference method. The pressure-velocity
coupling is handled by using the SIMPLE-C algorithm (Van
Doormaal and Raithby 1984), which is essentially a more implicit
variant of the SIMPLE algorithm proposed by Patankar and
Spalding (1972). The convective fluxes across the surfaces of the
control volumes are evaluated by using the power-law
discretization scheme, recommended by Patankar (1980). The
discretized governing equations are solved iteratively through a
line-by-line application of the Thomas algorithm. Under-
relaxation is used to ensure the convergence of the iterative
procedure.

3. 2. Domain discretization

The computational domain is covered with a non-equidistant
grid, having a concentration of grid lines near the boundary
surfaces and a uniform spacing in the interior of the cavity.
Furthermore, since multi-cell flow structures are expected,
especially at the largest height-to-length aspect ratios
investigated, and the location of the cell interfaces is not known a
priori, a fine mesh spacing is used everywhere in the vertical
direction. The solution is considered to be fully converged when
the maximum absolute value of the mass source and the percent
changes of the dependent variables at any grid-node from
iteration to iteration are smaller than a prescribed value, i.e., 10°°
and 107, respectively. In addition, the percent difference
between the in-coming and out-coming heat transfer rates is
used as a further indication of the accuracy of the solution
achieved. After convergence is attained, the average Nusselt
number Nuy of each horizontal boundary wall and the average

Nusselt number Nuy of each vertical boundary wall are

calculated:
1 AR
N _J‘@G d d Nuy= ! J 9 d 5
uy = dy X an Uy =22 7% y (5)
0 wall 0 wall

3. 3. Grid dependence test

In thermal convection problems grid density strongly depend on
Rayleigh number. For an inclined enclosure, grid density also
depends on flow patterns, which in turns strongly depend on the
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cavity angle of inclination. A grid dependence test was performed
for Rayleigh number in the range between 10° and 10”. For each
model, grid test was performed at seven angles of inclination; 0°,
15°, 30°, 45°, 60°, 75° and 90°. A sample of the results of this grid
dependence test of the average Nusselt number at the cavity cold
wall, the maximum velocities Uy, and v, and the error in
energy balance Qg at Ra = 10 is listed in Table 2. The 62x242
grid was found appropriate for all configurations considered in
the present study. Results of grid dependence test for inclination
angles (¢) = 0°, 30°, 60°, 90° degree at Ra = 10*. Values between
brackets indicate absolute percent difference to the 62x242 grid.

3. 4. Numerical calculations

Since mode transition is very sensitive to the initial conditions or
initial guess as indicated in Hart (1971), Hollands and Konicek
(1973), and the investigation of the hysteresis phenomenon is
one of the major objectives of the present study, the sequence
used to carry out the numerical calculations will be specified
clearly. In calculations of the case of ¢ increasing from 0° to 90°,
flow and temperature fields at a constant Ra and ¢ = 0° are first
calculated using 0 as initial guess for the velocity and the
temperature fields. The ¢ = 0° solution is then used as initial
condition for solution of the subsequent case of inclination with
¢ = 5° which is then used as an initial condition for the
subsequent case of ¢ = 10°, and so on. As the value of ¢ at which
mode-transition occurs is determined, say between 30° and 35°,
calculations are then repeated starting from 30° with increments
of 1° in order to locate mode-transition angle within 1° accuracy.
A similar procedure is employed for calculations with ¢
decreasing starting from 90° back to 0°, using the 90° solution
obtained from the ¢ increasing case as an initial condition for ¢ =
85°and so on.

In order to check the accuracy of the results obtained using the
present numerical algorithm, results were compared with those
available in the literature. Numerical results of flow and thermal
fields and average Nusselt numbers obtained at Ra = 104, AR =4,

Pr=0.71, and ¢ between 0° to 90° were compared and found in
good agreement with those reported in Soong et al. (1996),
Corcione (2003) and Wang and Hamed (2006).

Table 2. Results of grid dependence test for inclination angles (¢) = 0°,
percent difference to the 62x242 grid.

4. Results and discussion

Numerical simulations are performed for Pr = 0.71 (air is the
working fluid) for different values Rayleigh number (103 < Ra <
10% and cavity inclination angle (0°< ¢ < 90°). In order to point
out the influence of Ra and ¢ upon the flow structure type and
the temperature distributions throughout the cavity, sample local
results are reported in terms of isotherms and streamlines. In all
the isotherm plots, the contour lines correspond to equi—spaced
values of the dimensionless temperature 8 in the range between
0 and 1. In all the streamline plots, the contour lines correspond
to equi—spaced absolute values of the normalized dimensionless
stream function { in the range between 0 and 1, where the
dimensionless stream function { is defined as usual through: u =
oy /dyandv=-03{ /ox.

4. 1. Heat transfer rates

The mean heat transfer rates (Nu) at various Rayleigh numbers
and inclination angles (¢) from 0° to 90° are presented in Fig. 2.
For zero-inclination, the critical Rayleigh number is about 1708,
Nu is still kept as 1.0 for subcritical (Ra < Rac) state, where no
convection was observed and conduction was the dominating
mode of heat transfer. As the enclosure is tilted, the upward
buoyant flow along the upslope wall is built.

35 : : ‘ ; ‘ ‘ ‘

Ra= 00000
* Ra=01000

— 9 ~Ra=01500 |
—*—Ra= 02000
Ra= 03000
Ra= 04000

Ra= 05000 |
—=—Ra= 10000
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DU SN |

Nu[-]

NS S
1}4}@;67@~@*®»<®>9—9*®*<}70 @ @ @ @ @ 9

0.5r 1

O0 10 20 30 40 50 60 70 80 90

Phi [deg]

Fig. 2. Average Nusselt numbers at various ¢ and Ra.

30°, 60°, 90° degree at Ra = 10*. Values between brackets indicate absolute

Angle () Nombre of Nu-cold (%) Vimax (%) Urmax (%) Qerror
grid points wall x 10" x 10
00° 32X122 1.55 (1.31) 26.8 (1.52) 725 (1.49) 0.39
30° 32X122 1.79 (1.13) 22.1 (1.38) 69.5 (1.84) 0.50
60° 32X122 2.09 (0.48) 27.1 (1.50) 56.3 (1.23) 0.56
90° 32X122 2.47 (0.00) 45.0 (2.39) 40.9 (3.99) 0.49
00° 62X242 1.53 (0.00) 26.4 (0.00) 73.6 (0.00) 0.16
30° 62X242 1.77 (0.00) 21.8 (0.00) 70.8 (0.00) 0.17
60° 62X242 2.08 (0.00) 26.7 (0.00) 57.0 (0.00) 0.17
90° 62X242 2.47 (0.00) 46.1 (0.00) 42.6 (0.00) 0.15
00° 92X362 1.53 (0.00) 26.4 (0.00) 73.5 (0.14) 0.12
30° 92X362 1.77 (0.00) 21.7 (0.46) 70.8 (0.00) 0.12
60° 92X362 2.08 (0.00) 26.7 (0.00) 57.2 (0.35) 0.12
90° 92X362 2.47 (0.00) 46.2 (0.22) 42.7 (0.23) 0.11
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The heat convection contributes gradually, and the Nu departs
from the conduction state (Nu = 1). For a higher Rayleigh
number, Ra = 2000, which lies at a supercritical (Ra > Rac) state,
Nu for ¢ = 0° is around 1.1, the convection contributed
immediately as evident by the value of Nusselt number.

As Ra further increased, e.g. Ra = 3000, 4000, 5000 or 10000, a
noticeable drop in Nusselt number appeared as () was
increased. This drastic change in the rate of heat transfer implied
a mode-transition of the flow pattern.

4. 2. Flow-mode transition

The evolution of flow structure and temperature field illustrates
by the contour lines of { and 6 for the range 10° < Ra < 10* in
Figs. 3-7.

In Fig. 3, Ra = 1000, the fluid in this subcritical (Ra < Rac) state is
still regarded as stationary. As the enclosure is inclined, ¢ = 1°,
the shear flow along the two longitudinal walls results a large
circulation in which there are two weak sub-cells rotating in the
same sense as the primary cell. This two cellular mode disappears
at ¢ between 48° and 50° due to stronger up-slope/down-slope
flows along the x—direction.

For ¢ = 50°, the flow pattern is one cell mode, a similar evolution
behaviour with almost the same values are presented in Fig. 4 for

Ra = 1500. The isotherms lines in Fig. 3 and Fig. 4 illustrate a
gradual change from a stratification state to a skew-symmetric

distortion due to the cellular motion.

Figure 5 shows the case of Ra = 2000, in which the flow appears
as a four—cell structure at ¢ = 0°. In this slightly super—critical
state (Ra > Rag), the cellular motion of flow pattern is weak, the
left-most cell at the upper end of the inclined enclosure cannot
resist the upward flow coming from the hot wall and, then, it is
smeared out at ¢ < 2°.

Hereinafter, the flow structure turns to the three-cells and the
isotherms show the attendant change in temperature field. As
the inclination angle increases, the flow pattern changes to a
two-in-one cell mode at ¢ = 15°, and the latter structure persists
until ¢ = 44°.

At ¢ =
relatively higher Rayleigh number, Ra = 5000 in Fig. 6, the cellular
motion of flow pattern becomes relatively stronger due to larger

45°, the flow pattern turns to one-cell mode. For a

buoyancy, hence the four-cells structure can maintain for
inclination angle up to ¢ = 13°. The flow pattern turns to a
three—cells structure at ¢ = 14° and retains the same pattern up
to ¢ = 30°. Subsequently, the one cell mode prevails in the range
of 31° < ¢ < 90°.
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Fig. 3. Streamlines (left column) and isotherms (right column) for Ra = 1000 and ¢ increasing.
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Fig. 4. Streamlines (left column) and isotherms (right column) for Ra = 1500 and ¢ increasing.
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Fig. 5. Streamlines (left column) and isotherms (right column) for Ra = 2000 and ¢ increasing.
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The isotherms change from a highly-distorted state for
multi—cells structures at low-¢ to a simple pattern for one-cell
mode at ¢ > 31°. As the Rayleigh number further increases, the
occurrence of the flow mode-transition from four—cells to three-
cells can be postponed to a higher value of ¢, e.g. ¢ = 22° forRa =
10000 in Fig. 7. Also, in the high-Ra case, the mult-cells flow
pattern turns to one cell mode at a higher inclination (¢ = 39°).

4. 3. Hysteresis phenomenon

The exits of multiple solutions are possible, where caused by the
nonlinear nature of the problem. To investigate the hysteresis
phenomenon, the course of the computations are reversed, in
Fig. 8 shows the comparisons of the calculated mean Nusselt
numbers for increasing and decreasing ¢. For Ra < 2000, no
significant difference between the results obtained in the two
courses of changing ¢. At Ra = 2000, two solutions deviate in a
small region of inclination in the range of ¢ < 10°. For a higher
Rayleigh number, Ra = 5000, an additional hysteresis region near
¢ = 30° emerges and the two dual-solution regions enlarge with

Ra =1000
L15 ; ;

T
—O6— Angle Increasing

~~©- Angle Decreasing

0,95 . . . . .
0 10 20 30 40 50 60 70 80 90

Phi [deg]

Ra = 5000
2,1 T T T T T T T

—6— Angle Increasing
2,0b—g

O Angle Decreasing

1,5 é’ 1

14 . . . . .
0 10 20 30 40 50 60 70 80 90

Phi [deg]

increasing Ra. As Ra further increases to Ra = 10000, the
hysteresis prevails in a considerable range of lower inclination.

The bifurcation point moves toward high ¢ as Ra increases. It
implies the complexities of the flow field at high heating rates. As
an illustrative example of the hysteresis phenomena, the mode
transition of the flow and temperature fields at Ra = 10000 and
with ¢—-decreasing are shown in Fig. 9 and compared with those
for ¢ increasing in Fig. 7. Comparison shows that the flow-mode
transition can be significantly influenced by the course of
changing inclination ¢.

4. 4. Parameter maps

The parameter maps can be very useful tools in summarizing the
flow patterns for various combinations of the parameters
involved and controlled the system. In the present work, only the
enclosure of AR = 4 is considered as a typical example to illustrate
the diversity of the flow structure and the difference in
parameter maps for the ¢-increasing and ¢-decreasing courses.

Ra = 2000

1,30 T T i " ' j ' '
—©— Angle Increasing
=@ Angle Decreasing

\ \ \ \ \
0 10 20 30 40 50 60 70 80 90
Phi [deg]

Ra =10000
—6— Angle Increasing
=@ Angle Decreasing

\ \ \ \ \
10 20 30 40 50 60 70 80 90
Phi [deg]

Fig. 8. Hysteresis phenomena denoted by average Nusselt numbers at various Rayleigh numbers for the case of angle increasing and decreasing.
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In Fig. 10 (a) for ¢-increasing, the multi-cell structures exist in buoyancy force component in that direction. The strong

low-¢ cases, in which the thermal instability mechanism
dominates. With increasing Rayleigh number, the flow regimes of
multi-cell structures become large. It is also attributed to the
dominant role of the convection cells, while for the high
inclination, the one cell mode is prevailing due to the strong
upslope flow along the hotter isothermal wall caused by large
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longitudinal flow destroys the multi-cell structures.

In Fig. 10 (b) for ¢-decreasing, the flow mode transition is
distinct from that for ¢-increasing. Since the flow field at large
inclination angles are of simple one cell structure, the flow tends
to maintain the one cell structure as ¢ decreases from 90°.
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Fig. 10. Parameter maps for natural convection in two-dimensional inclined enclosure for the case of AR = 4 with angle (a) increasing and (b) decreasing.
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Therefore, a larger one cell region is shown in the parameter
map. Similarly, the simple structure of two-in—one cell can exist
at the lower ¢, especially in the cases of high Ra. Relatively, the
complex flows of the three—cell structure are restricted in a
smaller regime, and the four-cell mode even disappears in this
¢-decreasing course.

5. Conclusion

A numerical study of natural convection in a 2-D differentially
heated rectangular cavity (AR = 4) is carried out, in order to
investigate the effect of Rayleigh number and inclination angle on
flow and heat transfer over the range 0° < ¢ <90° and 10°<Ra <

10*,

The results showed that the calculation program leads to
consistent results and very good agreement with experimental
and simulation data in the literature. The possible flow patterns
are four-cells, three-cells, two-in-one cell and one cell. For a fixed
value of Ra, the transition of the flow mode strongly depends on
the competition of the buoyant flow and the shear flow due to
inclination.

The occurred heat transfer has a close relationship with the flow
structure transition, a sudden decrease in Nu occurred when
three-cells or two-in-one cell structure changed into a single cell.
The multi-cells structures can exist at low inclination angles, Nu
reached its maximum value at ¢ = 0° for all Ra >2000. Hysteresis
phenomenon appeared when ¢ decreased from 90° to 0°, and
the flow pattern maps are different when ¢ increased, in the
process of changing from a single cell to a multi cells structure.
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Abstract — In this paper, we investigated the free convection flow
in inclined rectangular enclosures filled with air. The analysis is
carried out by a numerical solution of the full governing
equations of the problem employing the finite volumes approach
with staggered grid arrangement by the iterative SIMPLE-C
algorithm. We propose for three aspect ratio’s AR=3,4 and 8 a
parametric description illustrated the influence of the inclination
angles 0° < ¢ < 90° and Rayleigh number 10° < Ra < 10*, on the
flow patterns likely to develop in each configuration. The results
indicate that the effects of inclination on flow mode transition
and multiplicity of solutions for each aspect ratio at various
Rayleigh numbers, the existence of such multi-steady solutions
strongly depends on the value of the Rayleigh number. For that
the Hysteresis phenomenon for Ra > 2000 are demonstrated and
also the parameter maps of Ra vs ¢ are constructed.

Keywords — Free Convection Flow; Inclined Enclosures;
Multiple  Solutions;  Flow-mode Transition;  Hysteresis
Phenomenon.

I. INTRODUCTION

The free convection flow in inclined enclosures represent
the typical behavior of many physical systems, e.g., collection
of solar energy such as solar collectors, storage devices,
operation and safety of nuclear reactors, effective cooling of
electronic components and machinery, energy efficient design
of buildings and rooms, double or multi-pane slope windows
and skylights, material processing equipment such as melting
and crystal growth reactors.

Many numerical studies performed to solve the problem of
free convection in inclined enclosures. But a few studies
focused on the hysteresis phenomenon, it was first studied in
our knowledge by Soong et al. [1] in order to investigate the
effect of inclination angle from 0° to 90° on flow mode-
transition in an inclined rectangular enclosure heated from
below and cooled from above with two insulated side walls.
Different aspect ratios were considered (AR = 1, 3 and 4) with
Rayleigh number ranged from 1.5%10° to 2x10*, flow mode-
transition and hysteresis phenomenon for Ra>2000 were
demonstrated. Recently the hysteresis effect were also
qualitatively (i.e. was not summarized in parameter maps)
reported by Khezzar et al. [2], when investigated numerically
the flow structure and heat transfer behavior due to free
convection in enclosures of aspect ratios 1, 3, 6 and 12 for Ra =
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10, 10° and 10° and for inclination angles between 0° and 180°
and (Pr = 10). The flow-mode transition and the Nusselt
variation with the inclination angle have been presented.

The aim of the present paper is to investigate the free
convection flow in an inclined rectangular cavities for three
aspect ratio’s AR = 3, 4 and 8, heated from below with
insulated vertical walls (at ¢ = 0°). The study is conducted
numerically under the assumption of steady laminar flow, the
Rayleigh number based on the cavity height in the range
between 10° and 10%, and the inclination angle changes from
horizontal to vertical position, whose effect on the flow
patterns formation. Hysteresis phenomenon occurring in the
inverse courses of inclination is also studied. Parameter maps
of Ra vs ¢ are proposed, in which flow patterns characterized
by various mode are designated.

II.  MATHEMATICAL AND NUMERICAL PROCEDURE

The physical model to be considered in this study is depicted
schematically in figure 1. The buoyancy-driven flow is
considered to be two dimensional, steady and laminar. The
fluid is assumed to be incompressible, with constant physical
properties and negligible viscous dissipation. The buoyancy
effects upon momentum transfer are taken into account through
the Oberbecck—Boussinesq approximation. Once the above
assumptions are employed into the conservation equations of
mass, momentum and energy, we can write the dimensionless
governing equations as follows:

V=0 (1)
(U.V).U= - VP + AU + Pr'Raf.5 )
U.V6=Pr-1A0 3)

Where:
0= (T—T)/(T,—T.) and 8=cos (¢)7+sin (¢)]
The system of equations (1) — (3) with the boundary
conditions (show figure 1) is solved through a control-volume
formulation of the finite-difference method. The pressure-
velocity coupling is handled by using the SIMPLE-C algorithm
by Van Doormaal and Raithby [3], which is essentially a more
implicit variant of the SIMPLE algorithm by Patankar and
Spalding [4]. The convective fluxes across the surfaces of the
control volumes are evaluated by using the power law
discretization scheme recommended by Patankar [5]. The

978-1-5090-5713-9/16/$31.00 ©2016 IEEE



discretized governing equations are solved iteratively through a
line-by-line application of the Thomas algorithm. Under-
relaxation is used to ensure the convergence of the iterative
procedure. Details on the SIMPLE procedure and on the
discretization of the convective fluxes may be found in [5].

Cavity filled with air

............ W

Figure 1. Physical Model, Boundary Conditions and The Coordinate System.

III. RESULTATS AND DISCUSSION

The existence of multiple solutions is possible, caused by
the nonlinear nature of the problem. To investigate the
hysteresis phenomenon, the course of the computations is
reversed, the comparisons of the calculated mean Nusselt
numbers for increasing and decreasing ¢ at AR = 4 are shown
in figure 2. For Ra < 2000, no significant difference between
the results obtained in the two courses of changing ¢. At Ra =
2000, two solutions deviate in a small region of inclination in
the range of @ < 10°. For a higher Rayleigh number, Ra =
5000, an additional hysteresis region near ¢ = 30° emerges and
the two dual-solution regions enlarge with increasing Ra. As
Ra further increases to Ra = 10000, the hysteresis prevails in a
considerable range of lower inclination.
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1,15 T T T T T T T T

—O— Angle Increasing
=@ Angle Decreasing
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1,30 T T : : :
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60 70 80 90
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0
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Figure 2. Hysteresis Phenomenon for Aspect Ratio AR = 4 Denoted by
Average Nusselt Numbers at Various Rayleigh Numbers for the Case of

60 70 80 90
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Figure 4. Streamlines and Isotherms for AR = 4, Ra = 10* and ¢ Decreasing.

The bifurcation point moves toward high ¢ as Ra increases. It
implies the complexities of the flow field at high heating rates.
As an illustrative example of the hysteresis phenomena, the
mode transition of the flow and temperature fields at Ra = 10*
and with ¢-decreasing are shown in figure 4 and compared
with those for ¢ increasing in figure 3. Comparison shows that
the flow-mode transition can be significantly influenced by the
course of changing inclination ¢.
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Figure 5. Parameter Maps for AR = 3 with ¢ Increasing and Decreasing.

The parameter maps can be very useful tools in summarizing
the flow patterns for various combinations of the parameters
involved and controlled the system. In a small aspect ratio
enclosure the flow structure is simpler, e.g. one cell mode
prevails in steady flow regime for all Ra number at AR = 1.
Although the complexity of the flow structure in large AR can
be expected, the construction of the parameter maps is very
expensive in a computational viewpoint. In the present work,
by considering both the interest in the flow complexity and the
computational efforts, only the enclosure of AR = 3, 4 and §
are considered as a typical examples to illustrate the diversity
of the flow structure and the difference in parameter maps for
the @-increasing and @-decreasing courses.
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IV. CONCLUSION

In the present work, we propose for three aspect
ratio’s AR = 3, 4 and 8 a parametric study of this class of flow
for Rayleigh number in the range between 10° and 10, and the
inclination angle ¢ change from horizontal to vertical position
and vice-versa. The results indicate to effect of the inclination
direction on flow-mode transition and multiplicity of
solutions, i.e. the difference between flow patterns carried out
by ¢-increasing and ¢-decreasing courses; which proves the
existence of well-known hysteresis phenomenon that
characterizes a behavior of many problems and presented in an
elegant way by the parameter maps.
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Figure 7. Parameter Maps for AR = 8 with ¢ Increasing and Decreasing.
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