


 

  

 

 

ان   ك7 و?7ف   6 
 

 /o' ،ت'o'7ت⩅ 'ل. GتG?ي بن䐰ل' 䒋ل /o''G 䒋ل O?7 ⩅ول خت /ⱇت⩅ ج  g 

،䑇6لGب 

g ت/N?7ت و'.F? HG /.?ل' Oت⨭ط 'Gو ،GFNGNبت 

'1G6 '7 ت'0ي 'لG" H6'G/وكG1 䍊زي " 'ل䐰ي FGحنHG 䙊 وFتG فN. 䅊جي䩇ي   

  HG?0' 'لG F䔧و'61'/ي ل'كم 

HN/61G  'ك䌧نN كمG/F. ' 䔧 /لHG GF 1G6 7'?/نN1F HG 䙊) 'و HG ب?N/ و 

䩆يⱇجNGئ♅'  و'/ 䑊ل. 



 

  

 Nن 䑉6&   1  'لN   ?  .  ? ⩊تG  . 'G/ن  Gط  & G䨧يg 䙊1وفن ّ兏>و'ل... 

وH  ن兏F 䙊ّ <  .   ي䩅/  'ل䑉 غ    /  䙊نN F7 .1/    غ./  1   و....'GFNo ي 

  /Ng 䑉ث⬱،ي 'لت⩊ ت  'ل?.' 'G/ن? HN?ل' N /  G /Gو'F䑅ل 䙊ن?G/.G G0

 NFط../?  'لN 6g ّ兏7'ء 'لت⩊ .7   

 䑉ت⩊'لF&'? 

م  N/7F' / ي  عب  7'ج   ب 

  



77GGF': 
/G/FG .............................................................................................................................................. 8 

.I /N7'7/F' 0g/'.GF'H 7'H/F' H7GF' HN/ 0'NGNG?:HHg' F7GF' ....................................................................... 9 

1.I: 7'H/F' H7GF' ............................................................................................................................ 11 

1.1.I : H7GF' GN7?. ....................................................................................................................... 11 

2.1.I H7GF' FG? '/.G : .................................................................................................................... 11 

3.1.I H7GF' /'?.'H 7&'7. .............................................................................................................. 12 

4.1.I H7GF' NG P7'7/F' H/'..F'H H'F.Fg' .............................................................................................. 12 

1.4.1.I FN7N.F' ........................................................................................................................... 13 

4.4.1.I H7GF' NG /FF.FGF' /7'7/F' 0'NGGF FN/G. ....................................................................................... 15 

5.4.1.I H7GFF /N7'7/F' 0'?'N6F' ...................................................................................................... 16 

2.I P7'7/F' H/'.GF' ........................................................................................................................ 17 

2.2.I /N7'7/F' 0g/'.GF' GNF7. ........................................................................................................ 17 

2.2.2.I GNG7.F' ............................................................................................................................ 18 

3.2.2.I /7'7/F' H'F.F' /NF& ................................................................................................................ 19 

4.2.2.I 7'N.F' G'..' ......................................................................................................................... 19 

I.3.2 7NN'?GH FG'N? /N7'7/F' 0g/'.GF' ''/' ......................................................................................... 20 

.II :NF'/F' F7GF'/N.N7'/F' ?&'NGF' 'GNG'FN/ ............................................................................................... 22 
1.II  /N.N7'/F' ?&'NGF' 'GNG'FN/CFD : ................................................................................................. 22 

1.1.II  GNGGG /N.N7'/F' ?&'NGF' 'GNG'FN/CFD: ....................................................................................... 22 

2.1.II  (NN?H 'N'6GCFD: .............................................................................................................. 23 

3.1.II 0'G'/..7' H'CFD : ............................................................................................................. 23 

4.1.II  FG? F/'7GCFD : .............................................................................................................. 24 

2.IINFHg' .F'?GF' Gambit : ............................................................................................................ 25 

1.2.II /G.6 ................................................................................................................................. 26 

2.2.II FG'?G GN6.F' ........................................................................................................................ 28 

3.2.II /G.6F'. F/F' 7'..7' ................................................................................................................ 28 

3.II 0g/'?GF' F/ .G'F7. solveur .................................................................................................... 29 

1.3.II .G'F7. ANSYS Fluent ....................................................................................................... 29 
.III H/'.G HH/ H7GF' /7'7/:/F'/F' F7GF' ................................................................................................ 31 

1.III /NFNF/.F' /7'7/F' ..................................................................................................................... 32 

1.1.IIIFN7N.F'. /7'7/F' H'F.Fg /G'?F' /F/'?GF' ....................................................................................... 32 

2.1.III /7'7/F' 0'N7?G .................................................................................................................. 33 

3.1.IIINFNF/.F' F/F' ....................................................................................................................... 34 

2.III/N//?F' /7'7/F' ........................................................................................................................ 37 

1.2.III /G.6 /7'7/F' H'.G ............................................................................................................... 37 



2.2.III /N//F' 7H76F' .................................................................................................................... 38 

3.2.III  .G'F7. /'/?'FLUENT ....................................................................................................... 39 

4.2.III /G.6F' 7N/'. /7'7/................................................................................................................ 41 

III.5.2 /7'7/F' 7/7G /GNF /N//........................................................................................................ 42 

IV.' F7GF'?.'7 H7GF' /7'7/:?G F'H/'.G .................................................................................................. 44 

1.IV/?.F' /N&'F/ /7'7/ ..................................................................................................................... 45 

1.1.IV /N7/FGF' /7'7/F' .................................................................................................................. 46 

1.1.IV /N//?F' 0'G'/GF' .................................................................................................................. 48 

2.IV/?.F' /N/g/ /7'7/ .................................................................................................................... 50 

1.2.IV /N7/FGF' /7'7/F' .................................................................................................................. 51 

2.2.IV /N//?F' 0'G'/GF' .................................................................................................................. 53 

/G.'. .......................................................................................................................................... 54 

?.'7GF' /G&'F ................................................................................................................................ 55 

 

 

  



 

7.FG 
 /F'7F' //'?.7' G/G. 7'H/F' 7GFFGF' H7G HN/ P7'7/ H/'.G 8'.F' NG FG?F' '6G FG G/GF'6F' /N7'7/F'H /?&'  //'?'

/NFG?F' 'G''6.' GG' ''/' FN7/. Hg. FG GF'0 H 'G7NH/. F/ /N//?F' /'G'/GF' OF? 'FFG? NG 'F/G.?'F' /N&' /?.N/g/H/?.F' / 
N.G'F7. G'/..7'. Gambit HFluent ،/F' /.7/ H7G 7N>.F NF'N. FG6 OF? 'GNF? F7/.GF' .&'.FF' 87? G. FN. /7'7

 F./G 07.GH ''NGF' /F.7 GG7 /Fg/. H/'.GF' 

Résumé 

Le but de ce travail est de réaliser un échange de chaleur autour du four rotatif à clinker afin de 

récupérer l'énergie thermique perdue et de la recycler en améliorant les performances de ses 

parties importantes. Nous avons utilisé une simulation numérique bidimensionnelle et 

tridimensionnelle dans notre travail en utilisant les logiciels Gambit et Fluent. Les résultats 

obtenus ont été présentés graphiquement montrant le changement de différence de température 

entre l'entrée et la sortie de l'échangeur en fonction de l'épaisseur de la couche d'air. 

 

 

Abstract: 

The object of this work is to achieve heat exchange around the rotary clinker furnace in order to 

recover lost heat energy and recycle it by improving the performance of its important parts. We 

relied on two-dimensional and three-dimensional numerical simulation in our work using the 

Gambit and Fluent software. The results obtained were presented graphically showing the 

change in temperature difference between the inlet and outlet of the exchanger as a function of 

the thickness of the air layer. 
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Nomenclature 

Lettres Grecques 

B : Le coefficient de dilatation volumique du fluide [K-¹] 

ρ : La masse volumique du fluide [kg/m³] 

¼ : La viscosité dynamique [kg/m.s] 

v : La viscosité cinématique [m²/s] 

» : La conductivité thermique [W/m.K] σ : Constante de Stefan-Boltzman [W/m²K4] 

α: La diffusivité thermique [m²/s] � : Le flux de chaleur [W] 

Qv : La quantité de chaleur du volume élémentaire par unité du temps en (W.m³) 

Lettres latines 

V∞ : Vitesse de l'entrée d'air [m/s] 

Vx : La composante de vitesse suivant l'axe X [m/s] 

Vy : La composante de vitesse suivant l'axe Y [m/s] 

Vz : La composante de vitesse suivant l'axe Y [m/s] 

T∞ : Température de l'entré d'air [K] 

Tp : Température des tubes [K] 

Cp : Chaleur spécifique à pression constante [J/kg. K] 

P : Pression [pas] 

S : Section [m²] 

h : Coefficient d'échange moyen [W/m²K] 

H : La hauteur de l'ailette [m] 

d : L'écartement entre les ailettes [m] 

L : Largeur de l’ailette [m] 

e : L'épaisseur de l'ailette [m] 

t : Le temps en (s) 

U : L'énergie interne spécifique en (J.Kg¯ ¹) 

x,y,z: Coordonnés cartésiennes  



: /Gة   'GFق 
.F' /NF.F' 7NN7. NG ' OG7'/ ' O7H/ .?F. /N/ ،GF'?F' NG 0'?'F7F' GG' FG .FG7g' /?'F7 7..?.H /N./.0'''6Fg' 

 0'.F' /NFG? H'G ،GF0 ?GHN.FF /7'6 0'/'?.F' NG ..7.N 'GG ،/F'7F' FG /7N.G 0'NGG GFG.7. .FG7g'7/GH /&  /F'7FF

/N7'7/F'. 

' 7GFFGF' H7G NG .FG7g' /?'F7 NG /N7'7/F' /F'7F' 7/G NG GG7. N.F' 7/'7GF' 7/G' FG ///'H.7'H/F  G/..7ON

? /7'7/ 0'.7/. O7.g' /'NGF'H 7GFFGF' طNF. FN.7.F H7GF' '6G ،/NN&GF' 0'.7/F' Gg& OF' F7. /NF'GFON 'GF'7 GF? .. /

G 7NH/. //'?' H'G ،/&N.F' OF? 8'G/F'H /7'NGF' Hg>.7' /NGGg ' O7>FH ./7N.G 0'NGG. /?&'6 /N7'7/7F' G67'7/F' /F' /N

//FG /7H76 ./.7' /?&'6F'. 

' H7G HN/ P7'7/ H/'.G 8'.F'H /'G'/GH /7'7/ OF' /7G6GF' G6G G/G./'?.7' G/G. 7'H/F' 7GFFGF'7F' / /F

' GNF7 FNF/.F /N.N7'/F' /.6GFF'H /'G'/GF' 0'NFF. G'/..7' G.N7 .'G7NH/. //'?'H /?&'6F' /N7'7/F'H H7GFOF? G7?.F'  7'FFF'

/N7'7/F' /F'7F' Hg>.7' /''GG FN7/.H 'GFN7/. FGGN N.F' /.7/F'. 

 G.N7 HH'F. /7G6GF' G6G NG/?.7'  HN7GGNFF  NG 'GFH'.F'.77 H7GF'. /FF?.GF' GNG'GGFF H.GF'HH/' P7'7/F' 'GG ،

 OF' NF'/F' F7GF' NG H77.F7 0'G'/GF'. /7'.F' GNG'GGF'/.6GFF'H  ،/N.N7'/F'GNFF7 /F'/F' F7GF' NG ' /7'7/. FG H7GF

 /N//.F P7'7/ H/'.G HH///?.FGF' /7'7/F' /NGG ?.'7F' F7GF' NG 'GFg>.7g، N//.. GNG GNFF7 P6F'H/ /?.F' N. .7Fg' F

GF'H H/'.GF'/?.F' /N&'F/ /7'7/ Hg. FG H7/?.F' /N/g/ /7'7/ HH'F.F7 F7GF' 7GF NG ،  ''/' GNNF.F'H/'.GF ' P7'7/F'/7.FGF. 

7'7/F' /F'7F' Hg>.7' /''GG NG 'OFN7/. FF/F H' FG'F ،/'G'/GF'H /7'7/F' G6G 6NGF. Hg. FG6F' /N'7G FG /?& H

G..GF' .GFF' '6GF FGGN ./7'6F' 0'8'>F' 0'/'?.F'H /F'7F' GgG.7' FNFF. NF'.F'.H ،7'H/F' 7GFFGF'N H' 77/. NG GG7 FN

 /7'NGF' 7NGN.H .FG7g' /?'F7F /N&N.F' /G'/.7g'/NNF'7F'. 
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 ?ملي/ G7ي 'لكلنك7م7'/ل  1'ل8كل 

 1.I' HرGF: 7'HدF' 

' /'NGF' FNN/. F? HH&7GF' '6.F' NGG ..FG7g' /?'F7 NG /N7'7g' 77'F?F' //' 7'H/F' H7GF' 7..?ON' G'.F7GFFGF' OF P6F' ،

 6NG.N 'O/N7GH 'O/F?G 'ON7/FG OgGNG 7'H/F' H7GF' /?N ..FG7g' 0'.F' NG N7N&7F' HNGGF' 7..?N8N.' G.GNNG /N7N&7F  FN.7.F'

G'.F' /'NGFF P7'7/F' FNN/.F'H. 

.N 'GNG ' O7N.G ' OG'G.G' OFFN ..7F' '6GFH ،.FG7g' 0'.F' /NFG? NG 'ONNN/ ' O'6. 7'H/F' H7GF' /?N.. FF?G&'/' FN7/  /FH .G.''GGH

g' FN7/.H /7'6F' 0'/'?.Fg' FNFF. OF' G/G. //N// 0'NFF. /?'F7F' G6G 0/G6H/F' H7GFF N&N.F' ''/7'. 

1.1.I  HرGF' GNر?.: 

.F /N7&'/F' /G7/F' 'GNG G/..7N P6F' /N?'F7F' H'7Gg' ?'NF' FG ?NF NG 7'H/F' H7GF'GN7/ /'NGF' '.F'G ' ''F/'FN.7.F .

'./g .F'N.F' OF? 0'/.G /N.H ?G ،GF.'/ H7./. G'. /'NG OF? PN./N FNN7 7'H/ (N.F' FG H7GF' GF'.N' HNGF ''

g' /?'F7 NG N7N&7 FG6. 7'H/F' H7GF' G/..7N .G8gF' FN.7Gg' 7NGN.H H'7./g' /NFG? OF? /77N7FFH .FG7 /N//F'

'NGF' FG /NFFF' 77'F?F' 0'7..7' NG /NF'?GH /''GG 7/Gg' H'7Gg' //' 7..?NH ،0'NH'GNGF'H .F7F'H'.F' /G1. 

2.1.I  FG? 'د.GHرGF' : 

 '7G //?. 7GFFGF' NG7 /NFG? 7G. 7'7..'. 'G7G6F F/'GNG NFN: 

1  NG /NFHg' //'GF' ?6H G.N H7GF' /F./GNGH N ?GF F? /7'.?. FN.7.F' 'GNG GGNG..F'H 6GFF NFHg'7. O./ .N /.7/ F

 OF' G.7'7/C°700. 

2  /7'7/ /.7/. H7GF' GFN./ O./ GF'F.F' ''F/' .N6GF' /7'7/ /.7/ ?G7 G.NC°800. 

3 HN7/FF ?OF  /NFFF' 7GFFGF' //'G0'0H  7/7G N/F GF'F.F' ''F/' 7'H/F' H7GF' NG .N6GF' 7G7 G.N //N.F?G. .GFF'  /N.0'.F'

/G7/F'H  /F.'7F' 0'8'>F' 7H/. /N/ H7GFF /N7&'/F'

 //'GF' /G7/F 7G'?GF' G'..g' NG /.7/ ?G.7.F

G.7'7/'  OF'NF'N/ 1450 C°. 

4  GF/7 /NFG? NG ?H76FF 7GFFGF' /N7.. G.N

HN7/F'H  //'GF' OF?/N&'GFF'1. 
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3.1.I  77'ئ.HرGF' /'?.'H 

/FNN7 /F'N77' F? /7'.? H7GF')68m( /F&'G  FN. N.0NGF FNG(2 H ٪5)٪  G&'/ H'7H/ NG O.F'> /H'7..( FN. '0.5  H

5 /FNF/F' NG /7H/[)] GF..G G'./'. G'7F' //? FG 7'H/F' H7GF' Gg> HNG.N ./'NGF' //'8'. /G7N 'GG/FF'. /?G.G / /F7.GH G'

f'.P7'7/F' 7. (1.2<ʎ<4)///G GG7 GF H7GF' FG G7F FG . ' ..7. 7N>6F' /GH'FGF /'NGF' 7'N..' G.NHNGF' H'G/g /NGNF'G

 H7GF' F.'/ /G/.F' /7'7/ /.7/ 8H'... ./F.7GF' /N7'7/F'H1500 '7GF' /?..' 'GFG /'/6.H /NN&G /.7/  F?،F./GF'  G.NH

'NF 8'G. /77'N. Gg>F' 07'. 7'7G.7'. 'GNG GG/.F' 7F6G. ..7'FG 'g7F'  GH'FGF'،7G7FF /GNFF' >F.. N?.7GF' /.7/F /

F ON7FF' /7'7/F'/F.7F  /NF/?GF'350 /.7/ ./NN&G1 NGF' H7/. .FG7g' H'G?' NG /7'H/F' H'7Gg' /G7. /N7'7g' /'

.7GFFGF' OF? HN7/FF 

 

 

4.1.I  H'F.Fg'H/'..F'H  NG N7'ر/F'HرGF' 

 H7GF' ''6.' NG /7'7/F' H'F.F' 0'NGNG H'G7N/GH 7'7/F' 0'.7/ 0'FH7G OF? '7'7' /G.?N N.7'.F'GFN. / HNGN ،'

 '6GH'F.Fg' >'.F'  NGG'..g'  NG /7'7/F' H'F.F' H'GG' FGGN /N/ P77FF'G'..g'  PH'6F'H P7N/GF'FF0H ،H7GF7N>. Hg G 

 NG /7'7/F' 0'.7/FNG'..g'  NG /7'7/F' 0'.7/ NG 7N>.F' G'G' 7G'8 7N>G'..g' .P77FF' 

 '6G HNGNH'F.Fg' g'H FG/F' FN7N.F'( P7'7/F' H'F.Fg' H'G6' ?NG.. G.7'. OF' H7GF' F.'/ FG )?'?6/ F/G.. /N

 /FF.FGF' /7'7/F' 0'NGG'GNG :NFN 

  

ي يو8/ 77م .70يطي  2'ل8كل 
 70ائ7 و'ب?ا/ 'لف7ن لمق7ع ?7ض 

9m 

حر'رN:آجر   
E=0.25m 

λb=1.8 W/m.K 

Cp=380 J/kg. K 

ρ=828 kg/m3 

:Nحر'رF' ذ䐧لHG 
E=0.05m 

λa=2.5 W/m.K 

Cp=682 J/kg. K 

ρ=6800 kg/m3 
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1.4.1.I FN7و.F' 

 FN7N.F' ///N ،.FG7g' H'7G' /F'/ NG ./76'.G FNF7.G FNG7. FN. /7'7/F' FFF NG /7'7/F' FN7N.'7'7/F P FN.

NF'FF' G'/..7'. P7'7/F' FN7N.F' ('7/ G.N .GF.'/ //.'N.GF' G'.F' /'NGF'H H7GFF /NF.'/F' H'7/.F'7g' HFN7N.F N7' 

7.?ON P6F'H ،GNN7NG HNF'F. G7?ON P6F' /7'7/F' GF? /NF'.F' /F/'?GF'.: 

.1 

 

ý = 2�  �Ā�ā  

  (Ā)هو م?/ل ./فق 'ل/7'7ة  ý :/ي/

  هو  P7'7/م?امل 'ل.و7يل 'ل(Ā/ÿ. ý)  

ي 'ل䐧..اG هو  �Ă�Ă   (ÿ²)هو م7ا// مق7ع ?87 'ل./'7 'ل/'0لي للف7ن �  
 ā  (ý/ÿ)./7ج 'ل/7'7ة ف 

 FG'?G /GNF OF? /G.?N P6F'H ،H7GFF NF.'/F' 7'/.F' 7.? P7'7/F' FN7N.F' H/?G ('7/F GNN7NG HNF'F G'/..7' FGGN

 FG'?G 0'0 /F8'? /'NG G'/..7' FN77 F? /7'7/F' FN7N. FNFF. G.N .7'/.FF N67?F' ?7FGF' //'7GH P7'7/F' FN7N.F'

 GN?6 P7'7/ FN7N.1: 4(Ā/ÿ. ý)2 

2.4.1.I ?'?6䐥ل' 

 G.7'7/ /.7/ ..7. G7.F' FG FF.FN P6F' N7N7'F>GH7GGF' ?'?6g' NG P7'7/F' ?'?6g' H/NF.'/F' G.F'7 . GF6F

NN/'7F' 0'.NGH /NFN7F' /?6g'H N&7GF' 'N6F' /?N.7 7GF GF P7'7/F' ?'?6g' H'G .GGN 'GGFN. H7GF'7' NG FG.'.NG H'N G

GG/NFN. 7/7GH ./.F7F' /'NGF' ?NG. 0'?'?6' 'GFG /?.F. ،0'8'>F' 6?. /G'6g'. ،/F.7GF' F&'N7F' H' /N7'7/ . .F7.N

،P/'G طN7H /N.H FN7N.F'. /F'7F' FFF ?'?6gF /.7FF'. 'G' .G 7.G' /''GG. ///N N?'?6g' FFFF' H'G@'7GF' N .7GF' OF? ON.

 HNF'F OF? P7'7/F' ?'?6g' ('7/ /G.?N ،NF'N?F'Stefan-Boltzmann ، . 7.طN P6F' ?6G G7. FG /?.FGF' /F'7F' FG/

NF'/G (/N7' G7.)  /FF7GF' /7'7/F' /.7/F /?.'7F' /NFF'. 

.2 
ÿ = ÿĀ4 

 

= σ /ي/  5.67 ×  10 2 8  (W/m2K4)  .تزم'نFHن ب'GNث'ب0 ست HG 
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 /77䐣مل 'ل?. 䐧ل 'لن/و 'ل.الي  ي.م/ي/ م8?ا. م/الي/، ك 'ل/قيقي/ب8كل ?ام، ل? G䐧يل 'لقانون '?ل/?. :  

.3 
ÿ = �ÿĀ4 

 

 FG'?GF' OF? FF7ON ε  FN. /GNF GFH /77F' /'?.F' FG'?G G7'0 H1 . H'G ،?'?6g'. H'/N7' H'G7. H/'..N 'G/F?

 NG Gg..g' ?G .7'F.N P7'7/F' H/'..F' NG'7T4 .FNG7. FN. NG'7F' P7'7/F' H/'..F' OF? HN7/F' G.N 1 H2  /77'N.

/NF'.F' /F/'?GF'( :Rohsenow ،.et al ،1998)2. 

 ÿ = ÿ(Ā14 2 Ā24) .4 

3.4.1.I N7'ر/F' FG/F' 

  /F'/ NG N.F' ?&'NGF'H /.F7F' /77g' FN. /F'7F' FFF 'GFg. FG G.N N.F' /NFG?F' NG/G7/ .  /G7/F' .F'G' ''N7

 /NF?G ONF F? /..'F(covection forcé ) ?&'GFF /NG./F' /F.GF' 7N>. F? /..'F H'(convection naturel) ?G.7N /N/ ،

F.G H0 ?&'GF' FG 7.& '6. GF/G F/NF /?G.7GF' G.7'7/ /.7/. '7/'.G FFg' /NG./F' /F.GF' H0 ?&'GF'NG./ //  FF/'7/H/. 

 FF' /7'7/.7F' FG/. ..7. F.7GF' G./F' /F'8' G.N G/ /77F' 7.? FG/.GF' F&'7F' FN.7. G.N GFF/ F?G ?G F&''7. GF'/..7 F&'

/N/. /7'. .P7'7/F' FG/F'. FN.7.F' H' /N7..F'. '6G /7'7/F' FFF OG7N . /7'7/F' /F'8' H/?G /G.?N7?FG FG OF  Gg..'

7F' 7&'7.H /?77H F&'7F' 7'/. /7'7/ /.7/F&' . FG /7'7/F' FG/. F? 7N.?.F' FGGN GF6F(sen ،2008) 

 ،?&'GF' /7'7/ /.7/H /77F' /7'7/ /.7/ FN. H7GF' ?G P7'7/F' FG/.F' /G'/G .7'F.. /N/ Ts HTf OF? ،

NF'N.F' . 7N.?.F' '6G G7?ON?GF' OG7.H F.NNF /N7.. HNF'F.FG' h P7'7/F' FG/F'. /7'7/F' FFF FG'?G .F' '6G /G.?N OF? FG'?G

/F' /F.7F' NG GH7>F'NG'FN/F' FG /?NG.GH ،F&'N7F' /G7/ /?N.7H ،/77F' /7/FG. 7/'.. N.F'H ،/N/ 7&'7.H /N7'7/F' 'G

.F&'7FF FFFF' 

  

ÿ = ℎ(Āą 2 ĀĄ) .5 
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4.4.1.I  NG /FF.FGF' /7'ر/F' 0'NGGF FN/G.HرGF' 

 RGBQ  /7'7/F' /NGGP7'7/F' (N7F'H 8'>F' FN. ?'?6g' FN77 F? /FF.FGF' 

 CGBQ P7'7/F' (N7F'H 8'>F' FN. FG/F' FN77 F? /FF.FGF' /7'7/F' /NGG 

RGbQ 7GFFGF'H 8'>F' FN. ?'?6g' FN77 F? /FF.FGF' /7'7/F' /NGG 

CGbQ 7GFFGF'H 8'>F' FN. FG/F' FN77 F? /FF.FGF' /7'7/F' /NGG 

 RBbQ 7'7/F' /NGGP7'7/F' (N7F'H 7GFFGF' FN. ?'?6g' FN77 F? /FF.FGF' / 

 CBbQ P7'7/F' (N7F'H 7GFFGF' FN. FN7N.F' FN77 F? /FF.FGF' /7'7/F' /NGG 

 RefQ P7'7/F' (N7F' F.'/ FN7N.F' FN77 F? /FF.FGF' /7'7/F' /NGG 

 AcQ /NF/?GF' /76FF' F.'/ FN7N.F' FN77 F? /FF.FGF' /7'7/F' /NGG 

 radQ N.7'.F' طN/GF'H /NF/?GF' /76FF' FN. ?'?6g' FN77 F? /FF.FGF' /7'7/F' /NGG 

convQ N.7'.F' طN/GF'H /NF/?GF' /76FF' FN. FG/F' FN77 F? /FF.FGF' /7'7/F' /NGG 

 

ي )ن8ام /'ئم(  3'ل8كل 
ي مق7ع ?7ض 

 .م/يل لكيفي/ '.نقال 'ل/7'7ة ?.7 7بقا. 'لف7ن ف 
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5.4.1.I HرGFF /N7'ر/F' 0'?'N6F' 

. 'GG'/..7' FGGN N.F'H ،.FG7g' H'7G' FG //?.FGF' /N7N&7F' /N7'7/F' 7&'7.F' FG /N/?F' G'FG/''GG6G FG6.H . ،G

NGF' ،H7GF' FG F.'/GF' 0'8'> :7N7.F' G.H OF?/77 FG P7'7/F' FG/.F' ،7GFFGF' 0'/7.G FG F.'7F' '' H7GF'  .7'H/F'

 NF'N/ PH'7N P6F' F.'/GF' 8'> 'GFG/N H7GFF P7'7/F' ON./GFF 7.Gg' /7'7.F' H' /N/20ON./GF' FG ٪  .P7'7/F'

 F? /N6. N.F' 7GFFGF' /N7.. ''F/' /?&'6F' /N7'7/F' /F'7F' OF' /G'6g'.12>.7' G.N /N/ ،٪GNFG Hg FN.7.F' NG //'? 'G

 NF'N/ /77F' FG /7'7/F' H'/FG F/GN 'GG .H7GF' 'GFN./ F.F /NFHg' //'GFF NFHg'10' ON./GF' FG ٪ N.F'H H7GFF P7'7/F

 ./7'7/F' G6G NG 'G. G.GF 
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2.I  H/'.GF'N7'ر/F' 

F? ///'H /7G P7'7/ H/'.G 7.? /N?'F7F' 0'NFG?F' NG /G/..7GF' /N7'7/F' /F'7F' FG 7N.G '6. 7GNFg' O ''N7 ،F

 G6GF /N7'7/F' /F'7F' /'/7.7' /G>F' NG H' 'G7GF 0'NFG?F' NG،0'NFG?F' '.GF' 0'F'.7 H'G NF'.F'.HF' 0g/ NG /N7'7/' /6G.

./N?'F7F' /'N/F' NG ?7'H H'7F OF? /G/..7G 

F.G 0'?'7F NG //N.NG NGG :0'FN.7.F' FG /?7'H /?NG.G NG ?&'6 FG6. /N7'7/F' 0g/'.GF' G/..7O.FF /?N OF? /N'>

 FN. /N7'7/F' /F'7F' FFF NGH /N7'7g' /GN8NF' 7GF FG G>7F'GF..G /7'7/ 0'.7/ /F? 7/G' H' FNF&'7G GG ./ NG HH/N.N

 ?'7FF'H ، )GF0 OF' 'GH ''.7GGF'H /N?'76F' /N6>g'H 0'NH'GNGH7..F'H 0'NH'GNGF'( N?'F7F' ?'7FF'' NFG7F(.H /&G/.F' GNNG

.)GF0 OF' 'GH ، /N7/.F'H ، 0'7'N7F'( FFFF' ?'7F GF6GH ، )''NGF'3 

1.2.I ' H/'.GF' GNر?.N7'ر/F 

'7 FN.( /7'. F&'7 OF' F.'7 F&'7 FG /7'7/F' FG/. FFF OF' G/GN 8'G. F? /7'.? P7'7/F' H/'.GF' FNF&' H

،)7/G'  /NFF'F ،/7N.G H/'..F' /77 //'7G ،6G.FG GG7( 7&'7.F'H /'?.g' ////G 0'NFF NG 'G7N7G. FN77 F?G)... /7N. 

2.2.I  0g/'.GF' GNF7./N7'ر/F' 

GNF7. FGGN :رNN'?G /د? FGH /N7'ر/F' 0g/'.GF' 

1.2.2.I  H/'..F' /NFG? N7'ر/F' 

-  H'7.g' 0'0 0g/'.GF'NG :76'.GF'  F&'N7F' طF. GNG G.N 0g/'.GF' ?'NF' FG ?NF 76/،'.7ط'.G HN7NFF / OF'7 /.

.)H8'N.F' /7'7/ /.7/( /N&'GFF' /7'7/F' 

-  7N> H'7.g' ?G 0g/'.GF'FG/.N :76'.GF' .7'/.. /FN7GG 0'NFF NG Hg&'7F' 
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2.2.2.I GNG7.F' 

/N.و.F䐣ل' /N7'ر/F' 0g/'.GF' 

NN6 7/Gg' NG H/'..F' 7'/.F N7N&7 HNGGG .N.'Fg' G/..7. N.F' 0g/'.GF' H'G ،/N/'7.F' ('.7gNG 'O? ./?'F7F' 

 '6GH 'G.N.7.H .N.'Fg' //?F 'OFGH ?'NFg' FG /N/?F' 6NNG. 'FFGGN HN7/FF ' OG&'/ /GG7GF' ،'GFG6?F6G' OF GGG /''GG /F

:FN?G G'/..7g 

 

 م0.لف 'نو'ع 'لمبا/ل䐧. 'ل/7'7ي/ 'ل䐣ن.وبي/ 4  'ل8كل

/N/وFF' /N7'ر/F' 0g/'.GF' 

ي ./7.ا.  ..م/ل
ي نقل 'ل7اق/ 'ل/7'7ي/ من مائع 'ل &70 '/ناء و.و/هم ف 

'لو8يف/ 'ل7ئي7ي/ للمبا/ل 'ل/P7'7 'للو/ي ف 

ي '0.7/'م 'ل7اق/ مع /.م 
/7'7ة م0.لف/. ه0' 'لنوع من 'لمبا/ل䐧. 'ل/7'7ي/ بف8ل 77/ 'ل.با/ل 'لك..7 ل/يه كفاءة ?الي/ ف 

. من نا/ي/  7.@7،O70' ي /7ا7/ ب8كل 0ا7 للGقا0و7'. ويكون ف

ي ب?8 'ل䐣/يان
' ف  ً  .'ن0فا8 'ل8@ط 'ل/'0لي ك..7

.0g/'.GF' HNG.  //? FG /N/NFF' /N7'7/F'./'NF' ?NF7G/  GNNFGNFg' FG

 H' /?F6G /'NFg' HNG. 'G //'? ./N?'F77g' /'NGF' H' '/7FF GH'FGF' 0gNGF' H'

 ?G 'G7>6 ' O6N' FGGN H' G'/FF' FN77 F? 'G?NG.. G.N .)/.7?.G( /86/G

 ?G 7'7' NG 6?.F' 'G6?.0g7H.  
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3.2.2.I /7'ر/F' H'F.F' /NFآ 

-  7NN>. HH/. /N7'7/F' 0g/'.GF'F/G.. :7N7F' N.F' 0g/'.GF' NG ' ?&'GF' FN.7.F F&'N7F' //' 'GNG /7.N' HH/ NF'/F HNGN H

 F&'N7F' /7'7/ 0'.7/ H'G GF6F .7N7F' NG 7NN>. G'FG،/7N>.G .H/'.GF' HN7 OF? 

-  GFG 6NGF /7'7/FF GF'/FG H' G.'7.G' ''F/' ?&'GFF /N&'N6NGF' /F'/F' 7N>.. :7N7F' 7NN>. ?G H/'./g/ 'G ..G 0g'/:/GF 

- 'NGF' //' G/G.N./N7..F' 0'FNG'G NG 0g/'.GF' G6G /.N.H :7.f' 7...N 'GFN. ?& 

- N0'7..GF' GGNF? FF7N .G.F'/ 7NN>.F ?6.N g P6F' NFHg' ?&'GF' FG /7'7/F' NFF.. PNF'/F' ?&'GF' 7.... 

- ?'. NFHg' ?&'GF' G/G.N 7/Gg' PNF'/F' ?&'GF' OF' /FG'GF' G.7'7/ ''7،//H7. HN/. Pg ?6.N g P6F'H ./F'/F' NG 

4.2.2.I G'..' .F'7'N 

ي 'لمبا/ل䐧. 'ل/7'7ي/  'لمائع'ن يكون .7يان يمكن 
:  فيما ?ل ?/ة '8كال، ..م/ل ف   يلي

-  P8'ل.يا7 'لم.و' (a)  ولي/ و'ل/انوي/ من䐣و.70ج من نفس 'ل 'لنهاي/، نفس: ?ن/ما ./0ل 'لمو'ئع 'ل Gا..䐧ي نفس 'ل
 نهاي/. ف 

70 يكون لها '..اG م?اكس ل./فق 'لمائع 'ل䐧  'لمقابل،: ?ن/ما ي/0ل 'لمائع 'ل 'لمبا/ل من 'ل77ف (b)س 'ل.يا7 'لم?اك  -

 .70䐧و.70ج من 'ل.ها8 من 'ل77ف 'ل 

 ?ن/ما .كون '..اها. ./فق 'لمو'ئع م.?ام/ة مع ب?8ها 'لب?8. : (c) 'ل.يا7 م.قا7ع -

F..GF' 7'N.F'(d,e,f) F/GN .7.f' G'G' 0'7G //? FG/.F' G'..' H' G'..' F&'N7F' //' 7N>N 'G/F? :G FG ?NFF' '6' NG HH'/.Fط -

7.g' //g/F' ?'NFg' FG ' O.N6G ?F'NF'  

 

 

 

 4'نماط 'ل./فق  م0.لف 5'ل8كل 
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3.2.I FG'ر ?وNN'?GH ء'/' /N7'ر/F' 0g/'.GF' 

 F.'/ P7'7/F' H/'..F' /NFG? NG GG/.N'GG H/'.GF' 'GNGH  FG /N/?F''GFG FG'N?F'  H/'.GF' 7.N 'GFGH'G 7.N 'G N/ ?&'GF' /

 ''/' 7N'?G NG FG'N?F' G6G 7/&.F'H/'.G P7'7/F' ،HF/G..  GG'G.'G :NG FG'N?F' 

 ?و'GF'. /7'. FG'ئ?:

-  /7'7/ /.7/:?&'GF' ? '7'7' /G.?N H/'.GF' F.'/ //N.NGF' ?&'NGF' FN. /7'7/F' H'F.F' H' /N/7GF' OF NG 0'FH

/7'7/F' /.7/ 

- F'/?7  /7/F F? 7.?. :?&'GFF /N7'7/F'/.'..7' G.7'7/ /.7/ 7NN>.F ?&'GF' 

- F'/NFF'F  /7/F F? 7.?. :?&'GFF /N7'7/F'' ?&'GF OF?/7'7/F' FFF 

-  FG/.:?&'GF' ?&'GF' /NGG OF? '7'7' /G.?N ?&'GF' 'GF.F.7N N.F' /7'7/F' 0'NGG ?N8N. H' /N/ N P6F'F' F.'/ 7GH/'.G 

:H/'.GF'. /7'. FG'و? 

-  P6F' H/'..F' /77 /'8 'GFG /N/ :H/'..F' /77FFF.. '7/F' /NGG 0/'8 'GFG /7'7/F' 0'NGG G7.?FGF' /7 NG /FNF

 H/'.GF' 

- F 0g/'.GF' /?'F7 NG /?G.7G /N7'7/ /NFF'FF' 0'0 /'NGF' FG?.7. :H/'.GFF /N7'7/F' /NFF'FF' H'G6G/''G F //N.H/'.GF 

7NN'?G 'G' .G NGG ''/g' ///. ////G GH78 NG 'GNF? F7/.GF' GNFF' /?NG/''GG :P7'7/F' H/'.GF' 

 FG/F' FN77 F? /N7'7/F' /NFF'FF' ..'/ 

F' /7'7/F' /NGG /FF.FG 

G/G.7GF' ?&'GF' 0H7. /7'7/ /.7/ 

P7'7/F' H'F.Fg' ///H ..'/ 

H/'.GF' /''GG 

 

 



 

 

 

 

ان ي    NF' صل 'Fف 
  

ة   ب  ? 'Fحا6وي  كا 'GFو'ئ  اGي   N /ي 
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 مقدمة
  /.7'/N.N7'/F' 0'NFF.F'H (N7'/F' G'/..7' GGG' P7H76H  /?'F7F'H //.F' NG 'O/. 0'FN7. /7'7/ F.' FG

 ?&'NGF'Hg. FG 'G/FG. N.F' .&'.FFF 7N.GF' G./F'H HNF/F' /F/ .0'NGNG'FN/ GN7?.F 77.G F7GF' '6G ?&'NGF' '/F'N7/N. 

(CFD .) /'/'G GG'/..7'H 7N.g' '6GF 6.NG G7N. '/.N FN7/.H FNF/./N7'7'  F.F/N7/FGF' 0'FN.7.F' .N. ' O6N' G. GN/F

F /N7N&7F' 77'F?F'.G'7. CFD ' OG'/..7' 7/Gg' /N//?F' H77F'H 0'NG87'N.F' ?G .6F'FG. F7GF' NG.FN' 0g/'?GF' / /GG'/F

'GFG FGF /N6N. ?G. 
 

1.II  /N.سو'/F' ?و'ئGF' 'GNG'FN/CFD : 

1.1.II  GوGGG /N.سو'/F' ?و'ئGF' 'GNG'FN/CFD: 

 7'7..' NG H'NF?FF "Computational Fluid Dynamics" 7N6NH  (N7'/F' G'/..7' OF' /F77GF' '6G

 F/F /N.N7'/F' 0'NFF.F'HF' 0g/'?G/G7/. /7'.F'  /NN.F'H /N?'F7F'H /NGNF'GNGF' /7/FGF' NG G/..7N NGH ،F&'N7F'

0'8'>F'H F&'N7F' ?G FG'?.. N.F' 0g'.GF' FG 'G7N>H /N&'6GF'H. 

F' 'GNG'FN/ 0'NFF. FG6.H?&'NG FF /N6'N7F' /.6GFF' /N.N7'/F'0'FN7. /'?GF' F/H ،/N8'>F'H /F&'7F''. 0gFF. G'/..7 0'N

P//?F' FNF/.F'H /'G'/GFF /G/F.GF' 0'NFF.F'H /N//?F' .NF'7g' F/G /N.'7/ .F' 'GNG'FN/ /N..H?&'NG 7'/F'/7'7/ /N.N  FNF/.H

F' 7&'7.0'FN7.  /7'7/F' /.7/H 6<طF'H /?77F' F/G ،/N8'>F'H /F&'7F'//6H ('776g'. FN7/.H ،g' GNG7 G'7.

/&N.F' G6G NG FG?. N.F' /6G.g'H /G>Fg'H. 
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2.1.II  (وN?H 'N'زGCFD:  

  /NFF.F' G6G H'G?.7' 7'6.F' FG G>7F'.'G/'G.?'H  0'7'7/F' FG 7N/GF' NGH' g'  'GFF' 6?. .GFGF'. /F7'FG (NN?

N.N7..F'، NNF'.F' HH/.F' /6N  (NN?H 'N'6G 6?.CFD  .GFGF'. /F7'FGN.N7..F': 

 

 'لمقا7ب/ 'ل?يو. 'لم8'يا

 7لمو'/ 'لم7لوب/•  /7'7/ /قيقي/ لل8و'ه' 

ي 'لقياس• 
 7?وبا. ف 

 .كلف/ .7ميم ?الي/• 

 

 ..7ي.ي/

 ي7م/ للم7مم بم/اكاة 'ل78وف 'لم0.لف/• 

يائي/ 'لم?ق/ة•   يمكن /ل 'ل8و'ه7 'لف.7 

'. 'ل.7ميم•   .قييم 7ي    ع لل.@.7

 كم ك..7 للن.ائ.•  

 

 • 䐧ي ?مومال
 Fم/ل 'لو'قع 'لف8يا. 

 (م//و/ة بالنمو0ج 'لم/7وس)

 .ولي/ 'لنما0ج 'لم?ق/ة7?وب/ • 

وق. 'ل/7ا.  'ن ي7وليمكن • 

 لل8و'ه7 'لم?ق/ة

 

/و7ب/ 

/يناميكي/ 

 CFD'ل7و'ئل

 مقا7ن/ .7N  'لمقا7با. 'ل..7ي.ي/ و'ل7قمي/ : 1 'ل./ول

3.1.II 0'G'س..د' H'CFD  : 

 'GNG'FN/ G'/..7' G.N /N.'7/F' /N//?F' ?&'NGF'(CFD)  . &.F.FFH'N7.  /'NGF' OF? 'G7N/'. /7'7/H 0'8'>F'H F&'N7F'

G/..7.H .'G. /7N/GF' CFD 'G7N>H /N&'6GF'H /NN.F'H /N?'F7F'H /NGNF'GNGF' /7/FGF' 0g'.G NG //'? 0g'.GF' FG  N.F'

 ?G FG'?..?&'NGF' 0'F'N7. FN. FGH .G'/..7' FG G'/Gg' GG' CFD NG: 

1-  G'/..7' FGGN :/6G.g'H 0'..FGF' GNG7. FN7/. CFD FGF' GNG7. FN7/.FG?. N.F' /6G.g'H 0'..&N. NG F /

 'GNG 7/&.?&'NGF'، F' /7'7/ FN77 F? GF0H0'F'N7. /F'H /?77F'H 6<طF' NG 0'7N>.F'H /GF..GF' /7'7

FG6. 8'G.F' H' ..FGF' GNG7. FN7/.H 'GFN7/. FGGN N.F' FG'Gg' /N//.H 'GFNF/.H 0'8'6.Gg'H G'?. 

2- G'/..7' FGGN :GNF'G.F' FNFF. CFD F' (7'..F'. /7..7GF' GNF'G.F' FNFF.FG?.7' FGGN /N/ ،/NF 0gNF/.F' G'/.

 Og/. /N//?F' F' /N.N7..F' (7'..F' FG /GFGG0'/?GH /'NG .F7.. N.F'. 

3-   ''/g' FN7/.:/''GGF'H G'/..7' FGGN CFD NFG?F'H /6G.g'H G'7.gF /''GGF'H ''/g' FN7/.F NG FG?. N.F' 0'

 FN7/.H FNF/. FN77 F? GF0H ،0'8'>F'H F&'N7F' 0'&N.?&'NGF' 0'F'N7. 6G.g'H G'7.g' G6G NGN//.H / /

'F/Gg' /''GGF' FNF/.F 'GFN7/. FGGN N.F' FG'Gg. 
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4-  7G'N>FF F6G' GGG:/N&'N6NGF' G'/..7' FGGN CFD /. N.F' /GF..GF' /N&'N6NGF' 7G'N>F' /7'7/F NG // 7GN8''

.?&'NGF'. /7..7GF' 

 

4.1.II  F/'رG FG?CFD : 

  HNG...G'7. CFD  F&'7G F/ 'GFGGN /N//? 0'NG87'N. FG 0'F'N7.?&'NGF' . HNF/ OF' FG7 HN7H 7NGN.F

 .G'7. ?NG. FG.6. ،H'N7.F' NG /GG/.GF' 0g/'?GF'CFD G H'./g /7N7.G G/..7G 0'G.'H OF? /N7'..F' /FG6GF' 0'GNF?

.&'.FF' /?.'7GFH . ?NG. PN./. ،GF6F.G'7.F' /N7N&7 77'F? //g/ OF?( :1 )F'.F'?GF.'7F' /N//?F' // ،(2 )?F' /.F'?GF'/N// 

 H(3 )/F/gF' /N//?F' /.F'?GF'. 

/N//?F' /'G'/GF' 0'N7. GG' NF'.F' FG6F' /6NN 

 

 

 70و'. 'لم/اكا. 'ل?//ي/  6 'ل8كل
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 2.IINFH䐣ل' .F'?GF' Gambit : 

  HNG.N.F'?GF' NFHg'  .F'?GF' H' FG F.7GF'0g./G  .G'F7. NG /FG6GCFD  G'/..7g' /FG7 /G.'H FN77 F?

 FNN/.H0g./GF' G6G  F.F FG G'/..7gF .7'FG 00NGF OF'F/ .G'F7. /7'.F' 0g/'?GF' .00NGFF'(solveur) . FG6.

F'. /7'.F' 0'NFG? F.F 'G /F/7G.F'?GF'/: 

•  GN7?./7/FGF': '.GH ('7/F'. 

•  OF' H'.GF' GN7F.('7/F' /G.6. G7?. /7N>7 ''6.'. 

•  7H76 /N//.H'N7.F'  ON.7G OF?OF' /.N7FGF' 'Ng.F' H'.GF' /H//. 

  F/ /N//. G.N0g/'?GF' . /FF?.GF' /G7/?&'NGF' (GF0 OF' 'GH /7'7/F' /.7/H 6<طF'H /?77F' ) /F? NG/G.6F'. 

 FF?.. /N/ F/ /F/CFD  //?.NG /F?F' G.'G /G.6F' . FG6.،G'? NF?G //? FG /G.6. FNF/ F/ OF? HN7/FFF' FG H/F?G ، F

 /G.6 ''6F' P7H76F'/FGNGG HNG. /FNF7 F' 07/.F' F7'FG NGNF'?  0'7N>.GFF(P، V، T  ....F' )H/>NF> G N.F' F7'FGF' N

. 'GNG HNGN 07/'O..'/ H' ' O7N>7 0'7N>.GF' . F/G 0'G.6F' ''6Fg .G'7.F' FG /N/?F' G'/..7' G.NPATRAN HIDEAS 

HPOINTWISE  .G'F7.HGambit 'F.7'7/ NG G'FG/..7' P6F' . P6F'FG 'FFGGN /N7/FGF' 0'G.6F' FNG6.. 

 N FG6.gambit G&'8H /g/ :''F. F' /7/FG7H7/GF' 7طN H،('7/F' H'.G GN7?. FNG6.  /G.6F'H FF/.F'

H//F' 7H76 ?NF /H//F' GN7?.H ،'GFG./ 
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1.2.II /G.6 

  /G.6F' ''6F' /?N(N&'F// N/g/ H' /'?.g'/ /'?.g' ) FNF/. NG 'O/. /GGG /F/7G،7G'N>F'  ' O7>F

(N7/GF' F/F' OF? G7N/'.F .OF? HN7/FF 'ON7H76 ' O7G' /NF'?F' //N.F' 0'0 /G.6F' 7..?.  /.N.F/ /N.'7

/FNF/ . (7'F. NG /G.6F' //N. 7/'. 'GG('7/F' FG8H F/F'. 

 /G.6F' HNG.'G'  FG .N6G H' ،/G>FG 7N> H' /G>FGF'N?NFF (/FN.G /G.6.) 

 

  'نو'ع م0.لف/ من 'ل8بكا.  7 'ل8كل

 هيكل/8بك/ م( '

 /NFN.F' /FG7 /G.6 NG HNGN  FG7g' FG'6F'( 'GNG F' /7/FGF'G/'6. 

'G'N'زG: 
•  ،77'F?F' //? NG /N/'7.F' 0'F' FG FF' //? OF? PN./.'Ng.  7N> /G.6. O/F7'FGNGG/FG. 

• F' Hg /N//?F' ''7.g' 77'.G FG FFFNH'N7. /G.6F' ?G O6'G.N. 

'G.'N.Fس: 
• //F?GF' /7/FGF' /F'/ NG 'G/NFN. .?7N 

• //F?GF' /N7/FGF' H'G6g' 6?.F //N. /G.6 //N. OF? HN7/F' .?7F' FG 
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( )G 7N> /G.6/FGNG 

 FG ?NFF' '6G 77'F? ''6F' G.N'G.N.7.. FF?.N 'GNG /NNF P' HH/ 0'G.6F'. 

'G'N'زG: 
•  FGGN NG 'GFNG6./N7/FGF' H'G6g' F' OF? 8'G/F' ?G //F?G6G.FG GN6. FG'?G 

•  0'G.6F' FG ?NFF' '6GF /NFN.F' 0'NG87'N.( N/g// N?'.7 ) 

'G.'N.Fس: 
•  //? OF? PN././F?F' FG OF?' GF' /G.6F'. /F7'FG/FGNG 

•  ''7.' /FNNH' FGGN N.F'H /N//?  /N6.('N.7' FG  .&'.FF'F' /G.6F'. 'G.F7'FG /F?/FGNGG 

 

 8بك/ ه.ين/( ج

  NG /G.6N /N&'F/ NG /N?'.7 H' //F/G ،/GF..G ?'NF' FG 77'F? FG .N6G /77'N. 'G('6F' G.

 H' /'?.g'GG،/N.? /NG7G H /N7N6NG /N7/FGF' H'G6g' NG /'?.g' /N/g/ .FN. ?G.N NGG  'N'6G' 0'G.6F

GF'/FGNG  7N>HGF'/FGNG. 

/G'?F' 0'G.6F' /NFN. /NFF. 

  NG0'FN.7.F'  /G.6 ''6Fg ////G //?'F /.N. g ،/NFG?F'،/NF'/G  F?.. /GF..G H77 G'FG FGFH

/FN.FG /G.6 OF? HN7/F' FGGGF' FG .NF'.F' N/FF' OF? /?'NFF' G6G 7N.F. 'FFGGN: 

•  OF? 8'G/F'FG GN6. FG'?G6G.. 

• NF'?F' 07/.F' F7'FG NG //N. /F/ H'G6. 

• /F6.F' /G.6F' ''6.'H /FNF/F' /G.6F' ''6.' FN. H'F.Fg' F7'FG NG /N. 7F'.. H'G6. 

• FNFF.  NF'G.g' //?F'77'F?FF. 
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2.2.II FG'?G G6و.F' 

  HNGN GN6.F' FG'?GNG GH/?G F' 77'F?"/FG'GF'( " /NH'7.G 0'/F/GF' ،0'?.7GF'?g6g'.)  F? GF..N 'GFN.

 7G7F''G.'NG 7NN>. /F? ،'G6. &7..H ('7/F' NG ''7.' /H// OF' P/&. GN6.F' FG'?GF /7N.GF' GNFF' HG 7N.G F /NFG? F

(7'F.F' .6G.FGF' 07/.F' F7'FG NG //N.NG .F'G '0' 0'GN6.F' 6?. FG/. FGGN .HH/.F' /6NN NF'.F' .F'NG FN'.  //N.

 /G.6F' 77'F?/Fg/.  FG'?G GNFGN6.F': 

 

G1.00-0.99 0.99-0.95 0.95-0.80 0.80-0.50 0.50-0.25 0.25-0 م?امل 'ل.8و 

 7يئ/ 7/يئ/ ./' 7/يئ/ مق.ول/ .ي/ة مم.ا8ة .و/ة 'ل8بك/

  (CFD  2023 /7وس) 'ل.و/ة بم?امل 'ل.8وG?ل䐧ق/   2  'ل./ول

3.2.II  F/F' 7'..7'/G.6F'. 

  /.6GF NGCFD،  GG/FN P6F' F/F' /N?F'H FG /G'.FF /G.6F' /G'/G F? OgF.7G F/F' HNGN H' ..N('7/F'  /?.

(7'F.F' . FG6.،N.GFG  /77'N. ('7/ PgCFD،  /G.6 (7'F. 7'...' ''7.' '7GF' OF? ..N،GGN/F.H g. FG @g.g' H

 7N7. F?،/NGGF'  /N7'.F' /'G'/GF' Hg. FG 7'NFF' NG .>7N '7GF' H' 'GF'7( /F? G'G./g' FG'?G/.F'،7' .g' NG Gg.

 G'77' /F? NGNFH7/NGF' 7'7F'،/.6GF' /7'7/F' H'F.F' FG'?G )/F'/G /.7FF'.  /G.6F' G./F(FG6F' 7>F' 8 ) 

 

 

 'ل8بك/م/ال ?ن '0.با7 .قا7.  8'ل8كل 

  

/ل
  'ل

م/
قي

ك/اف/ 'ل8بك/

'ل䐣م/ل'ل8بك/

ك/م.أ/7ة بال8بن.ائ. @.7 
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3.II 0g/'?GF' F/ .G'Fر. solveur 

1.3.II .G'Fر. ANSYS Fluent 

 .G'F7. ANSYS Fluent F' 'GNG'FN/FF N.'7/ FNF/. .G'F7. NG?&'NG F'/N//? (Computational Fluid 

Dynamics - CFD)/G76 FG ..FG NGH ، ANSYS FNF/.F'H /G'?F' /7/FGF' .G'7. H'.G NG //&'7 /G76 NGH ،N7/FGF'. 

 G'/..7' G.N ANSYS Fluent  FG'6G F/FNG P7'7/F' FFFF' F&'7GH ?&'NGF' H'N7.  FG /?7'H /?NG.G

/N?'F7F'H /N7/FGF' 0'FN.7.F' .FF /G/F.G 0gNF/. ''7.' .G'F7.F' /N.N0'F'N7.' ،P7'7/F' H/'..F' ، ،/NF.F'' ،H'7./g ،FG&.F

 FG 'G7N>HF' 7G'N>/N&'N6GF. 

 FG Hg. ANSYS Fluent FG 'G7N>H /?77F'H 6<طF'H /7'7/F' NG 7N'>.F'H FG/.F' FNF/. GFGGN ،

. /7..7GF' 0'7N>.GF'?&'GF' H'N7. .NGNGF' 0g?'G.F'H /NGNG'FN/F' 0'7N/'.F' /7'7/ ' O6N' /N.N 'GGNG /N&' N7F' FG/.F&'. 

  G/..7NANSYS Fluent  OF? /G.?. /NFF.F' G.//.F'7G /F/'?G FNN/.F  'GF/ FGGN /N7.. /F/'?G OF' FFFF'

'ON//? . /NFF. HNG..GG/.F' G./ G./ FG HN/ FFFF' /F/'?G .G/ FG. 

  

 g' /F/'?G NG 7>FF' Hg. FG 7.G' /FNG7. /GG'/F' 0g/'?GF' /N//. FGGNFG/'F' 7N> 8/G&'/ /NGF7 /NGG FFFF φ .

 FG6. /.N.GGF' /NF'.F' /F/'?GF' Hg. FG GF0 /6.NFG'G.N  G./F/.F'7GF' V  NF'.F' N/FF' OF? 

 ∫ �ÿ��Ă 
� �� + ∮ ÿ�ÿ⃗  ��⃗ = ∮ ��ÿ� ��⃗ + ∫ ÿ��� 

�  

 

.6 

 مو /.'لو//ة ل'لمن7و.  φ'لمن.ع هو    �ÿ � هو ./7ج  �φ ÿهو م?امل 'ل䐧ن.8ا7 ل    �Γ 8?اع 'ل77/ هو    ⃗� 'ل6?/ 8?اع هو  ÿ⃗ : /ي/
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  /F/'?GF' FN.7. G.N(6? ) /NF. H' ///H FG OF/.F'7G N.'7/F' H'.GF' NG . /F/'?GF' FN7G. N7?N(6 ) /NF. OF?

 /FN?G(ANSYS  ،2020:) 

 
�ÿ��Ă � + ∑ ÿĄÿ⃗Ą�Ą�Ā��ÿ�

Ą �⃗Ą = ∑ ��ÿ�Ā
�Ā��ÿ�

Ą  �⃗Ą + ÿ�� 

 

.7 

�Ąÿāăą  /لم/ي7/ بال0لي' Gهو ?// 'لو.و �Ą  /ي قيمGφ  7 'لو.ه.?� ÿĄÿ⃗Ą�⃗Ą هو ./فق 'لك.ل/ ?.7 'لو.ه� �⃗Ą هو 'ل77/ 'لم..ه للو.ه� ÿ�Ā  7جهو/. φ  هو /.م 'ل0لي/ � �?ن/ 'لو.ه  Ā��ĀĆ ي ل.@.7 'لكمي/ هو 'ل �  F0ل /.م 'لم7'قب/ �م?/ل 'ل8م'/ 

  /77'N. 'GF/ G. N.F' 0g/'?GF' 6.'.ANSYS  G'>F OF? 'GFN.7. FGGNH Gg?' 7NG6G NG 'GG G'?F' FG6F' 7GF

/'?.g' //?.G. 

 



 

 

 

 

الث    NF' صل  :'Fف 

ا/ل/7'7ة    NG  7ن  /ون  'Fف 
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 مق/م/: 

F/7'7/ H7GF' /77 7.? /N7'7/F' 0'?'N6F' /N//.H H7GF' F.'/ FG //?.FGF' /7'7/F' /NGG 7' G/G.'GFg>.  F./GG

0g./G FG  /NF'NGF' /7'7/F'H7GF' /7'7/. GNFF7  P7'7/ H/'.G HH/. 'N6'N7'G/NG'.H G?.7'. 'N//? H'CFD ،g. H

/7'H/F' /F'N77' FNF/.. GNFF7 ،/7'7/F' G6G )0gNGF' ،(N7F' ،/7'7/F' 7/7G( 0'F.7F' ///?.G ' NG GF0H FG'7F' ''NGF

./.N77F'G O7.g' /N.7'.F' FG'N?F'H /'N7F' H'GG'.  NG./F' P7'7/F' FG/.F' /GNF /N//. NG G/GF''،G8gF  P6F'

7/F' 0'.7/ GNF OF? HN7/FF H7GF' G7/7N GF0H ،/N.N7..F' GNFF' ?G /FG'N.G /7' طN7...GF' 7G'N>F'/N&'N6N /'/F' //

H7GF' F.'/ ./7'7/ 7/7G 'G7'..?'. 

 NG،/N'/.F' g' 0g/'?GF' 'ON&/.G ..GF7 GF6F ./FG6GFF N6'N7F' 00NGFF' /77. '/.F' P7H76F' FG' /N7'7 GG/. N.F

 H'F.F' /7'7/F''F.FG6G NG 'GF/H . 0'G'/G. GNFF7 G/ 'G.F7'FGH .&'.FF' 87?H 00NGFF'،NF'.F'.H G6G /N'GF N '،F7GF' 

'F/// /F HNGF7  H7GF' F.'/ FG //?.FGF' /7'7/F' /NGG/7'7/F'H 'GFg>.7' FGGN N.F' /?&'6F'  

   1.III /NFNF/.F' /د7'سF' 

  1.1.III /7'ر/F' H'F.Fg /G'?F' /F/'?GF'FN7و.F'. 

G'7F' H/?GF' H'G 7F'..GF' G7.F' FG /7FF P' /F? GF' OF? /7'7/F' H'F.Fg /G'?F' /F/'?GF' 7F.H.Fg N7'7/F' H'F NG /

/?GF' GNF' 'G'6G 'G '6. NG /7'7/F' H'F.Fg NG'7F' H/?GF' H'G 7F'..GF' H/?GF' GNF' 'G'6G 'G '6../F' H /NFN.F NG

'7.N H'H /.g '6.F' '6G NG /7'7/F'7N7 G'FGH .'6.F' '6G NG /FH6.GF' /F'7F' NG 7N>.F' H/?G ?G OH /7N/G  /77.GH

 0'N/'//g' NG /7'7/F' H'F.Fg /G'?F' /F/'?GFF/NF'N77g' ' 8H7GF' 6?. ''7.'. 'GNF? HN7/F' FGGN/.7'FGF 0' Og/GG '

F' H'G /7'7/F' /.7/ OF? /G.?N gH ..'/ P7'7/F' FN7N.F' FG'?G H' 'F67GG..'.G FGGN /G'?F' /F/'?G OF? '':/7N7F 1Ā ��Ā (Ā �Ā�Ā) + �2Ā��2 + �2Ā��2 + ýÿ
ą = 1Ā �Ā�Ă  

.8 

Ā  م?امل 'ل䐧ن.8ا7 'ل/Ā  :P7'7/ي/  = ýÿ⋅�Ă       
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 H' 'F67ننG '0' FN7نN.F'. /7'7ن/F' H'نF.Fg /ننG'?F' /نF/'?GF' طN7ن.. FنGGNg' G'ن>F H'نF.F Gن&'/NننGH g' G'ن..P77نFF'  نطFGĀ  /.7نن.F

/F/'?GF' :/7N7F' OF? 1Ā ��Ā (Ā �Ā�Ā ) + ýĈ
ą = 0 .9 

F'/ NG/ F' /.'.G FGGN /7'7/ 7/7G /N.H G/?:FG6F' OF? /F/'?G ��Ā (Ā �Ā�Ā ) = 0 
.9 

    2.1.III /د7'سF' 0'Nط?G  

 /.7'FGF' طN7..F'F /N/ H7GF' HN7 OF? N.7'.F'H NF.'/F' 7'/.F' NG /..'/ /7'7/F' /.7/ 7..?FNFF' 6.77N.GF' /G /

:FF. 7/F. N.F'H FN.F'/F' NG 

ي 'ل./'7 'ل/'0لي 
Ā1  للف7ن: /7./ 'ل/7'7ة ف  = 1453 k° (1180 C°) 

ي للف7ن:   ي 'ل./'7 'ل0ا7/7
Ā3/7./ 'ل/7'7ة ف  = 500 k° (227 C°)  

 

  

 

 

 

 

 

 

 

R0 = 4m þ1 = 4.2ÿ þ2 = 4.45ÿ þ3 = 4.5ÿ ýĈ 

 FG6F'9 G /0N.'GF' H7GF' /'?.g N/N6N. G77N /7'7/F' 
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  3.1.IIINFNF/.F' F/F' 

  7N/GF' OF? /7'7/F' ?N8N. /7'.? /'.N' FGGNĀ  H7GF' F.'/ 8H7GGF' /7'7/F' 7/7G NG

 /7'.?F' /FG'GG.9  /N/:/.F 

Āā(Ā) = 2ýĈ4ą Ā2 + �1 ln(Ā) + �2 .10 

 /N/�1 H �2  FG'G.F' ..'N/ FGGN N.F'H'G/'.N' H76F' Hg. FGF' 7/NF'.F' /N//: 

{Ā = þ0    →     �Ā�Ā|�0 = 0Ā = þ1    →       Ā = Ā1  

.11 

.12 

�1 = ýĈ2ą þ02 .13 

�2 = Ā1 2 ýĈ2ą (þĀþ1 2 þ122 ) .14 

 6NN?..�1H�2  NG11: 

Āā(Ā) = Ā1 + ýĈ2ą (þ02þĀĀ 2 Ā22 2 (þ02þĀþ1 2 þ122 )) .15 

 ('7/FĈ FG/.F' /'H'7G FGGN  /F.7F' NG G7N6F ?G /7'7/F' 7/7G FG 7/'7F' P7'7/F'(N7F': 

2ą �Ā�Ā|�1 = 2Ā �Ā�Ā |�1 .16 
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G /F.6G /'.Ng /7'7/F' /.7/ ?N8N. /F/'?Ā�ĀĄ F' /F.7 NG(N7 . GNFF/FG'GG 10 /N.H G/?F  F.'/ /7'7/ 7/7G

(N7F'، /.FF: Ā�(Ā) = �1þĀĀ + �2 .17 

 /N/�1 H �2 /NF'.F' /N//F' 7H76F' Hg. FG 'G/'.N' FGGN N.F'H FG'G.F' ..'N/: 

{ Ā = þ1    →     Ā = Ā1                       Ā = þ2    →       Ā = Ā2(/7  م?7وف.@)  
�1 = Ā1 2 Ā2ln (�2�1)  

�2 = Ā1 2 Ā2 2 Ā1þĀ �2�1
þĀþ1 

 

 

.19 

 

.20 

 

ي  2�و1�..?وي8 
 : 18ف 

18. 

 
Ā�(Ā) = Ā1 2 Ā2ln (�2�1) þĀĀ + Ā1 2 Ā2 2 Ā1þĀ �2�1 þĀþ1 

 /'.Ng2  0gNGF'H (N7F' N.F.7F P7'7/F' FG/.F' /'H'7G. GNFF ýāāĀĂ ĀĄ�ăćă = ýāāĀĂ ÿăĆÿþ  

2Ā �Ā�Ā⌉�1
�2 = 2ÿ �Ā�Ā⌉�2

�3
 

Ā Ā1 2 Ā2ln (�2�1) = ÿ Ā2 2 Ā3ln (�3�2)  

Āln (�2�1) = ýĀ 

 

 

.19 

 

 

.20 
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ÿln (�2�1) = ýÿ 

Ā2 = ĀĀ1 + ÿĀ3ýÿ + ýĀ = 617.18 �° 

 

.21 

 

.22 

 : 17بال?و/ة 'ل 

2ą �Ā�Ā|�1 = 2Ā �Ā�Ā |�1 .23 

2ą (ýĈþ12ą + ýĈþ022ąþ1) = 2Ā Ā1 2 Ā2ln (�2�1) 1þ1 .24 

ýĈ = Ā Ā1 2 Ā2ln (�2�1) 2(þ12 2 þ02) .25 

ýĈ = 31997.74 Ā/ÿ3 ≈ 32ýĀ/ÿ3 .29 
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  2.III /د7'سF'/N/د?F' 

 : مقدمة

 7'.F' N6'N7F' 00NGFF' /N//. /?.،'F.7'7/. NGF7 00NGF /'/?'. GNFF /?.F' N&'F/ G'/..7'. .G'7.CFD .  ،?F'NF' NG

7H76F'. ظG/F' 0g/'?G F/ /N7F //F' /N GNFF7 N.F''F/g 'GG7N. ' FF?.N ./N//?F' /'G'/GF' FN77 F? 'FG 7Gg.?NG. GN/F. 

.7' NG 'G('7.' G.N7 N.F' /N//?F' /'G'/GF' 0'NFG? 0'.F' //'?'. /'G7FF (7'FFF /N7H76F' 0'GNF?GF'' 7'7GF7 ./7'7/F OgH' G/F

 H'.G7H76F' ،'F.7'7/ /G.6 7&'7.H /N//F''G'/GF' 7NN'?G G/ ،F' 0g/'?G F/ FGGGF' FG F?..7 N.F' / .ظG/.H،F/GF' 

 7'N?G FGF /.7FF'.،NF?G  NFG. N.F' ('.7g' /N//. G.N7،GG7'N..' .(7'FF' GGG FNG7. F.' FG 

1.2.III /G.6 /د7'سF' H'.G 
 NG،/N'/.F'  H'.GF' /N//. P7H76F' FGG.G.6H، ..N .'G?N8N.H 'GG./H 0'G.6F' ?NF FG6.N P6F'H HNGF H' 

g' ?NG. ('7/. /'G'/GF' .G'F7.F /'G7FF GF0H .'F.7'7/ H'.G /7/FG FG OF/GF' //'G.7g' OF? FN7/'F'Gg.. NG 0G/.F'،F 

('7/F' /F? G/G.7. H' ..N .NF'?F' 07/.F' F7'FG 

F' H'.GF F/Gg' FG6F' H'G /G.6F' ?6H FNG7.F /7'7//7&'/ NG /GN /7'G.H ،H7GF'. 0'7N>.F' H' /. N.F' HN/ //

 'N.N7/. O6g.. /F'N77g'/'?..g'. /N//. 'FFGGN 'GF? F7'FGF' '? 07/. 0'0 F7'FGG H7GF'. /7N/GF'. OF? NF7'FGF' Gg F

GF? //N?. ،N/g/F'" ?NFF' FG 0'G.6 :H'.G 7.طF 0'G.6F' FG /GF..G ?'NF' G'/..7' FGGN،"  FG GF. H''" ?NFF' "N?'.7F' H

 NG .FNF/g' FG .N6G O./،'F.F'/  /7/FG /N(7 ?G /G.6F' طN7..F،H'.GF' ' 0'0 0'G.6F' G'/..7' F6GN /F?F7F'،/N?'. 

 '6G FG /G.6 G'/..7' /G7N7 ."N?'.7F'" ?NFF' G7'. /GH7?GF'H/N6G. ?NFF' F' ?G ./G.6FF 7F'..F' FGF? 8'G/.'7/ /F/ O 0'

? /NF' 

/G.6 /NFN.. GNFF /7'7/F' G6G NG  .G'F7. H'G?.7'.GAMBIT HN/  /7&'/F F/'GG 77F.F77F  NF.'/F' H7GFF(8.4 

7.G،)  /7'7/ 7/7G /G'6' ?G87.GG '6GH  G'F/' FG6F' NG F/GG NG 'GG H7GF' N.F.7 'G' '7F'..G 'GNG /F?F' ?N8N. HNGN

 FG GF'G P77FF' G'..gF /.7FF'.F6Gg' H7GF' FG //N?.F' F7'FGF' NG /NNFg' FNFF.F N.N7/. ?N8N.F' HNGN H' . 

 FG6F'10 H7GF' /7'7/ /G.6 F? H'/G 
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2.2.III  7H6رF'/Nد/F' 
 /F/ 7/G' .&'.F OF? HN7/FF/N?F'HH  /7'7/F' /FNF/ ?G /FG'N.G /N//F' 7H76F' HNG. H' ..N''F.H  OF?G0 F.7 ' FG G7G

:NF'.F'G NG 'G?6N. GNFF7 N.F' /N//F' 7H76F' H'G /7'7/F' 

 

وط 'ل//ي/ 11 'ل8كل   77م .و8ي/ي لمكان ونوع 'ل6ر

(Pressure outlet)   خرHج ضغط 

  (wall)   ح'ئط 

 (fluid « air ») م'ئ? "HG'ء"     

 (solid « acier refractair ») صHG" (Fل䐧ذ مق'FF GHصGر"     

 (solid « brique refractair ») صF) "طH) مق'FF GHصGر"     

  (solid «source de chaleur ») صF) "مصدر 'Fحر'ر/"   
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3.2.III  .G'Fإ?د'/ .رFLUENT  
  GN /N//?F' /'G'/GF' .G'F7. 'FFGFLUENT  ،/?.F' /N&'F/ /&NG./ FG 0g/'?GF' F،/NF6'G.F' '?G ،/N7'7G.7g' /F/

 FNG'..g' NG /G7/F' /NGG /F/'?G(ox) H (oy) /F/'?GH ،/F'7F' ( /7H7/GF' /7G'>F'. /7'.F'8،9،11،13)  87>F' '6GF

.G'F7. .F7.N fluent  /G.6 7NGN.FF' /7'7/F' H'.GF /6.FG?G 'F.'7  ?NF /N//.GNFH ./N//F' 7H76F' 

 /7H7/GF' /F'/F' ?G 'FG'N. 7/Gg' /NG87'N.F' H'G F/F' /FN77F /.7FF'./NG87'N. :NG H'7.Fg' (coupled 

algorithm) FN7N. FG6.. 0gG6G F/F G/..7. (Coupling)  OF? .GFNF/. P7.N P6F' G'>FF' NG /GF..G 0'7N>.G FN.

 FN.7،H'/GF'  /N7'7/F' 'GNG'FN/F' FNF/. /FG6G NG،G'>FF  FG 'G7N>H /G'/GF'H 6<طF'H FG/.F'H /7'7/F' 0'7N>.G FN7N. ..N

6?.F' 'G6?.. /7..7GF' 0'7N>.GF'. 

'?G FG6.. /N6'N7 00'GF ''6F' FN77 F? 0gG6GF' G6G ?G FG'?.FF /F7.FGF' 0'NG87'N.F' G/..7.. 0g/ FN7N

G /N?7G 0'NG87'N. OF? 0'NG87'N.F' G6G PN./.H .0'7N>.GF' G6G FN. FG6. 7N>.G FG F/F /77.G /GF..FG،F7G 

7N>.G FGF 'G.'.F.7' G.N N.F' GNFF' FN. FG'N.F' H'G6F N7.'7.F' F/F' 0'NFF. G/..7.H. 

 NG،/N'GFF'  /FG6GFF FG'G F/ OF? HN7/F' G.NG'/..7'.  F/F 0'N7. //? 7H7G /?. /F7.FG /NG87'N.'0g/'?GF 

N6'N7F' 00NGFF' NG /FG6.GF' /GF..GF'. 

 GN7F.FF /.7FF'. 'G'( NF'GGF'spatial discretization77'F?F' H' 7'FFF' FG /G.6 OF' H'.GF' GN7F. NGH ) 

(elements) N7 00'GF G'/..7'. /// OF? 77F? FG NG F/F' .N7F. G.N /N/ ، FGG /N6' FG 7ط.G G'/..7' F6Gg'

 NG (7'F.F' FNF/. 'OF'N/' 7ط.GF' '6G /F?N H' FGGN ./F'7F'H /G7/F' /NGGH 6<طF'  0g/'?GF NF'GGF' GN7F.FF /NF'/F' /.7/F'

،0'.'7/F' NGF7F' ..6.F' FNFF.. /G7N GFGFH. 

 N.F' /F'/F' NG،'FGG.  ''.7' FG'N?F /N6'7.Gg' GNFF' G7.F،/G.6F' FG?F' .N./.F G/..7O. N.F'H7G.F' /N' F/F /N7' /G>F

 ?GH ./GNG7GF'،GF0  NG /.N?7 F/F' 'GNG G.'NN N.F' /'G'/GF' 0'NFG? 6?.F /.7FF'.،(7'F.F'  HNGN /FGH76F' F FNFF. P7

.(7'F.F' 87GF /G.6F' ''.7' FG'N? 

 P7'7/F' FFFF' 0g/'?G FG FG FN?G. 'F. 7/.N 'GG/G>F'H '>F /'G.?'H FG/.F' ('776'G "k_epsilon realizable" 

 /N/00NGFF OgN/?." 00NGFF' '6G /?N "k-epsilon" G ' O7N/F. 7GNN P6F'H ،NF7g''6F' F&'N7FF /N/H//F' 0'FG/.FF 'OFّ兎7/ /N.

F&'N7FF /N/H//F' 0'FG/.F' F&'7G F/ OF? GFN.7. /F? ''/g' NG /GGG 0'FN7/. 7GNNH ."//F?GF'. 

F' /?.6&'GF' G./FF '7>F /7'7/F' NG GF'GG' G/? 7N/.F' FG .F'. ?'?6g' FN77 F? /N7'7/F' 0'?'N7GFF F HGF6F NFF G

 FN77 F? P7'7/F' FFFF' 0'/'?G FN?G..?'?6g'  7'..F /N/00NGF "discreteordinates" 7..F G/./.6GF ' ?'?6g' H'F.F

g' GN7F.F /NH'6F' /.7N/F' 0'//?.G OF' GN7F.F' /NFF. 00NGFF' '6G G/..7N ./'?.g' //?.G 7طH 7.?0'G'.. F /FGGGF' G7/.

N?'?6g' ''6GF' GN7F. FN77 F? 00NGFF' '6G FN.7. G.N ./..'/F' 0'G'..g' FG ///G //? OF' ?'?6g' . OF'G.NH ،'Ng 

6g' FG/. ('7//..'/F' 0'G'..g' NG N?'?6g' FG/.F' ('7/F /NF. FG F.'/ ////G 7'FF NG ?'?. 
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N?'?6g' 0'/'?.Fg'H /7'7/F' 0'.7/ ('7/ F/G ،0'FN.7.F' FG /N/?F' NG 00NGFF' '6G G'/..7' G.NG NG /7F' 0g?'G /F'

FG 00NGFF' '6G 7..?NH .'G7N>H /N.7F' /6G.g'H PN.F' ''6GF'H /NHNFF'  ('7/ NG O/F/ 00'GFF' 7/G'' FG/.F'NG N?'?6g 

./FNF/ .&'.F OF? HN7/FF /N.N7'/F' /7'NGF'H .FNF' FG 7N/GF' OF' 0'./N GF' g' ،7طNF'  

 /?.،GF0 ./NG'G /.7/. 'O/N. F/F' 7'..?' FGGN 'G/F? GG'FNg P7'7G.F' ('7/FF 'O// ///F H' ..N ?G 87G. GF0H' 7NN

 (7'F.FF'.'7/F' FNF/. ?G (7'F.F' 7NN'?GG H7GFF N.7'.F' H NF.'/F' 7'/.F' /7'7/F' /.7/ 7'..F /N/ /N/ ،0N G/..7

.G'F7.  Fluent GF6F ، (7'F.F' .F'/ OF? GG/FF /7N.g' 0'7'7G.F' NG /N.'7/F' .&'.FF' NG 0'FH7GF' 7?'. GNFF GNF G&'

( /7N>7 /N?.7G5-10./FNF/ .&'.F OF? HN7/FF ) 

 /7'7/F' NG /..'/F' GNFF' ?G 'F.'7 /7NG6GF' /N//F' 7H76F' H'./'. GNFF/?77( H7GF' H'7H/(0.2rad/s) /N.0'.F'، 

 7/7GF' F? /?.'FF' /N6'7.G' /7'7/F' /NGG(32000(،101325pa<ط 'PN.F )، '6F(N/GF' /7'7/ /.7/،293kط )(9.81)

)3w/m  

'6N' GNFF 0'FH7G F? ..'FF' O?N.7F' 7'N.F' 0'?'7GF ، /7'7/F' NG /7NG6GF' /'NGF' 7&'7. H'./'. 0'.7/  /7'7/F'

 7'>6FgF F.'F 7'N. GF? ..'FF' H7GFF P0'/GF' 7'N.F' NGH GFN7N. 00NGF H'./'. GNFF. 
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4.2.III /G.6F' رN/'. /7'س/ 
 NG /G'G /F'7G NG .&'.FF' OF? /G.6F' 7N/'.'GNG'FN/F' H'.G NG /7'.H //N//F' /NGF7F' 0'.'7/F' 7'7/F''GNGF'H /N 'GNF

.G'F7. G'/..7'. /F.7GF' /7'7/F' NG .&'.FF' OF? /G.6F' 7N/'. /7'7/ NGH ./NNN/F' FluentNFN. G.N ، /F'7GFF /.7'FG /G.6 /

F' /F7'FG G.NH ./G.6F' G6G OF? N6'N7F' 00NGFF' FN.7. G/ FGH //H77GF''N. ?G 'GNF? F7/.GF' .&'.F.. 0'FF H' /N.N7 .&'.

.&'.FF' //7 FG /G'.FF /G'/G 7/G' /G.6F O7.' /N.'7/. 

.'7/F' NG /FN/NGH /FNF/ .&'.F OF? HN7/F' NG /N'>FF /GGG .&'.FF' OF? /G.6F' 7N/'. /7'7/ /?.H/F' 0' /N7'7

 G.N N.F' /N&'N6NGF' 7G'N>F' GGG FN7/.H ،/NGNF'GNGF'H'G.7'7/ 

 P' NG ?H76F' F.F GF6F،/'G'/G  '6G 'FF /G7N7 ./G.6F' F? .&'.FF' /NFgF.7' /7'7/ OgH' N>.FN.? /N//. /F?F' //'،/NG'GF 

 OF? 7N.G 7N/'. /G.6FF HNGN g /N/.،'F.&'.F  776.g'  'ONF'? HNGN،'O/. 0'FH' OF' P/&N7 '6G Hg F'? ('7/ ./N 

7/. ' O7N>7 'F.'7 /7NG6GF' (7'F.F' 7H76 .&'.F OF? /G.6F' /NNF' //? //'N8 7N/'. /.7N H' /7.G. /.G'G،/N  HNGF7

 OF? FN7/'F7'..?'  F? /FF.7G .&'.FF' H'''7.g' ./G.6F' F? /..'FF' 

 FGGNG'/..7' /? FG NG .&'.FF' 7N>. /7'7/. GNFF GF6F /G.6F' /G'/GF 76&GG /NNFg' //?/ /F? /.GNF? F7 /G.6 NG G

 7/G'،/F/  HH/.F' NG //6NG .&'.FF':G'F/' 

 N 71000 341760 768000 1079000 1416000 2020000   ?// 'ل?ق/ 

/'0ل  /7./ 'ل/7'7ة 

 )p_intT('لف7ن 

1477,7 1471,1 1460,57 1459,6 1459,73 1459,38 

0ا7ج  /7./ 'ل/7'7ة 

 (p_extT) 'لف7ن
517,7 511,04 500,46 499,4 499,59 499,17 

ي كل ?//  3'ل./ول 
  من 'ل?ق/'لن.ائ. 'لم./7ل ?ليها ف 
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 'GG F/G./? FG NG 'GNF? F7/.GF' .&'.FF' 7N>. /NF'.F' 0'NF/FGF'/ F' FG'Ng.  /G.6F' 'GNN./. N.F':/FG?.7GF' 

 

 

 

 

 

 

 

.F' Hg. FG ظ/gF /N/N 'N.7F .&'.FF' 0N./ 0'F''Fg7F'  FG768  GF'//F? ، ('7/F' ''7.' P/'G.FG N H' FGGN N.F'

 /NF'NGF' 0'7'7/F' NG ///.N.F'H  G/..7F7 7'..F /F/'GG /G.6 'GNG /F/ 7/G' /G.6F'H. N.F' //? FG'N /NNNF'NG FF.'7F' //?F 

G7G0 (1079 GF' )//F?.  

5.2.III /7'ر/F' 77دG /GNF دNد/. 
 GFg. FG 'FFGGN P6F' /N/NF' FG'?F' NG /7'7/F' 7/7G H'H'F.Fg' H/'.G HH/( /N.GGF' G'>FF' FG )P7'7/ G'>FF' OF' 

 FF>GF' H/'.G /N.H NG()P7'7/ /'. GNFF '6GFH G'>FF' NG 0'7N>.GF' NF'. /N//. G.N GFg. FG H' /N/G GNF H'. GF /GF..

/.F'7GH  /FNF?GF' /7'7/F' 0'.7/ FG'N. N.F' /GNFF' 6.' 'F/g G.NF /7'7/F' 0'.7/ 7N>.(7Fg'H 'NFF.?F 

 .&'.FF' OF? 'FF7/. /NFG?F'. G'NFF' /?.:/NF'.F' 

Qv(w/m3) 32000 30000 25000 20000 15000 10000 5000  م7/7 'ل/7'7ة 

Tp_ext(k°) 499.4 491.5 470.2 446.4 439.6 388.4 349.8 /7./ 'ل/7'7ة 0ا7ج 'لف7ن 

Tp_int(k°) 1460 1392 1220 1047 896.7 688.4 499.8 /7./ 'ل/7'7ة /'0ل 'لف7ن ∆T (k°) ي /7./ 'ل/7'7ة
 960.1 900.2 750.1 600.1 477.1 300 150 'لف7ق ف 
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 FG6F'13 7'/.F' NG /7'7/F' /.7/ /.N.F 0'7N>. F/GN NF'N. OF/FG
 N.7'.F'H7GFF )p_extT( /FG?.7GF' /G.6F' NG /F?F' //? /Fg/.  

 FG6F'12 OF/FG 7'/.F' NG /7'7/F' /.7/ /.N.F 0'7N>. F/GN NF'N.
H7GFF N.7'.F' (Tp_ext) /FG?.7GF' /G.6F' NG /F?F' //? /Fg/. 
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 7'/.F' NG /7'7/F' 0'.7/ 7N>.F /NF'N. 0'NF/FG G77 'FFGGN .&'.FF' G6G Hg. FGNF.'/F' )tpinT(   N.7'.F' H)pextT( 

 H7GFF/Fg/. ./7'7/F' 7/7G NG /F.7GF' /7'7/F' /NGG GNF 

 

 

 

 

 

 

 OF? '/'G.?' GNFF' 7GF/N?.7GF'  /7'7/F' /.7/F/NFNF/.F' /7'7/F' NG /FG?.7GF' 

:H7GFF NF.'/F' 7'/.F' NG1453 k° (1180 C°)                   :H7GFF N.7'.F' 7'/.F' NG500 k° (227 C°)    

 /7'7/F' /NGG H' 7'..?' FGGN 3kw/m 32NG  FGGN N.F' /GNFF'/'F.7g'  NF'. NG 'GFN.F' /7'7/F'  /NH'7G 'G7H/.

 /GNFFFF7/.GF' .&'.FF' //7 /G'N 'GG /NFNF/.F' /7'7/F' NG 'GNF? FG /G'.F' FGGN 'GG ،G77. .&'.FF' OF/FG  /.7/ H7G 7N>.

 /7'7/F'(∆Ā)  /7'7/FF NG./F' FG/.F' /NGG /Fg/.N.F'/F' NGF 

 

 

 

 

 

 

 

F' Hg. FG FG6F'( H'N.16) F' 'G6?. ?G /FG'N.G /NFNF/.F'H /N.'7/F' .&'.FF' H' HNFF' FGGN 6?. FGGN H/'G.?g' 

'GNF?،  'FFGGN 'GGg' FG /FN77F' NF. FG /G'.F' 'GFG /GNG7F' '/? ''7..&'.FF' //7 OF? 7/'. g N.F'H 'FFGGN GF' P' ،/'G.?' 

 /FN77F' 7GF)/N.'7/F'( /7'7/F' NF'. NG. 
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'لن.ائ. 

'ل/7ا.ي/

FG6F' 15 NF.'/F' 7'/.F' NG /7'7/F' /.7/ 7N>.F NF'N. OF/FG
/7'7/F' /NGG /Fg/. H7GFF 

FG6F' 14 NG /7'7/F' /.7/ 7N>.F NF'N. OF/FG N.7'.F' 7'/.F'
/7'7/F' /NGG /Fg/. H7GFF 

 FG6F'16 /7'7/F' /.7/ H7G 7N>. OF/FG∆(T )/7'7/FF NG./F' FG/.F' /NGG /Fg/. Qv 
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/GدFG : 

 NGF7GF' '6GFNF/.. GNFF7 ،  .G'F7. FN77 F? N6'N7Fluent /'G.?g'.  .G'F7. OF?Gambit  g' G77F H'G6

g  'G.G.6H /N7/FGF' ''NGF' FG /F.7 'GGFN. F7GN P7'7/ H/'.G 'G. طN/N /7'H/ /F'N77'F/ /&NG NGF' /N&( /?.2D )H 

( /?.F' /N/g/3D) G/GF' ./.N77F'G O7.g' /N.7'.F' FG'N?F'H /'N7F' H'GG'. GF0H F/ /7'7/F' FG/?.F' /N&' NG  /N//.

 .7Fg' /?.F'NF'/GF'H  H/'.GFF P7'7/F' H'7H/ FG'? 0'?'7G ?G H7GF' F?.H7GF' 7/FF /.7FF'. 'G' /N/g/ /7'' /?.F

 /N&'GFF' .&'.FF' /'.N' NG 'GFG G/GF'G.P7'7/F' H/'.GF'. /FF?.GF' 

ي قيم/ 'ل/فق 'ل/P7'7 'ل/.Gي 
ي هG0 'ل/7'7/ ?ل م70.ا. 'ل/7'7/ 'ل7ابق/ و'لم.م/ل/ ف 

ن7.ن/ ف 

 ( 3w/m32kف7ن )'لمنب?/ من /'0ل 'ل

1.IVد?.F' /Nئ'F/ /7'س/ 

 .G'F7. G'/..7'. /?.F' N&'F/ 00NGFFF N7/FGF' FG6F' /'/?'. GNFF '.N'/. ،/7G'>F' /7'7/FGambit.'7/. GNFF G/ 'F/g 'G.7

 //'?'. /'G7FF (7'FFF /N7H76F' 0'GNF?GF' ?NG. GN/F.. 'FG 7Gg' FF?.N ./N//?F' /'G'/GF' FN77 F?' 0'.F?'/GF' 0'NFG /'G

 G/ ،/G.6 7&'7.H /N//F' 7H76F' ،'F.7'7/ H'.G OgH' G/FF7 ./7'7/F' NG 'G('7.' G.N7 N.F' /N//?F'G 7NN'?'F' /'G'/GF N.

./F7'F.G /7'7/F' HNG. O./ /F.'7F' /7'7/F' ?G FG'N.. N.F'H .ظG/F' 0g/'?G F/ FGGGF' FG F?..7 
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1.1.IV F' /د7'سF'/NدسFG 

 1.1.1. IVFG6F' NدسFGF' 

  H7GF' NG 'FG N7/FGF' FG6F' F/G.N،GN.F.7.  /F.7 ،H7GF'. FN7N/G FN.N.F' NG F/G.GF' P7'7/F' H/'.GF' ،/7'7/F' 7/7G

 FG6F' NG F/GG NG 'GG H'7H/F'. H7GF /G7. N.F' H H7GF' F? H/'.GF' F7G. N.F'H ''NGF' FGNF'.F' : 

2.1.1.IV /د7'سF' H'.G /G.6 

 G.7'7/ /'7GF' N7/FGF' FG6F' /N//. /?. /G.6 /NFN.. GNFF/7'7/F' NG /7'..GF' /G.6FF /.7'FG /F.'7F' /? /N/ FG /

/F?F' ،//? 6NG7. ?G  H/'.GF' NG /F?F'/F.7H .G'F/' FG6F' NG FN.G NG 'GG ''NGF' ' /G'7GF' /N//.F H/'.GF' FN. .7FgH7GF'H 

. GNFFG ''NGF' /F.7 GG7 7NN>./7G FG N  .7'F. 0'?'7G ?G./G.6F' 

  

8    ÿ ∅ 8.4 ÿ ∅ 8.9 ÿ ∅ 9    ÿ ∅ 

 مصدر 'Fحر'ر/ 

 GH'مقF' (HطF'
 FFصGر

 GH'مقF' ذ䐧لHGF'
 FFصGر

 'Fمب'دل

 FG6F'17 /?.F' /N&'F/ /&NG NG N7/FGF' FG6FF N/N6N. G77 

FG6F' 18 /?.F' /N&'F/ /&NG NG H/'.GF' ?G H7GFF /7H7/GF' /G.6F' 
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 3.1.1. IV 7H6رF'/Nد/F' 

 /F/ 7/G' .&'.F OF? HN7/FF/N?F'HH  /7'7/F' /FNF/ ?G /FG'N.G /N//F' 7H76F' HNG. H' ..N'F.H' G OF? F.7 '

:NF'.F'G NG 'G?6N. GNFF7 N.F' /N//F' 7H76F' H'G /7'7/F' FG G7G0 

 

 

  

 (Pressure outlet)خرHج ضغط  

 (velocity inlet)دخHل سر?/  

  (wall) ح'ئط   

(fluid « water ») "م'ء"م'ئ?    

  (fluid « air ») "م'ئ? "HG'ء   

(solid « acier refractair ») صHG" (Fل䐧ذ مق'FF GHصGر"   

  (solid « brique refractair ») صF) "طH) مق'FF GHصGر"   

  (solid «source de chaleur »)   (Fحر'ر/""صF' مصدر  

 رسG تHضNحFF NشرHط 'FحدF' /Nخ'ص/ ب'Fدر'س/ F'19شكل 
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1.1.IV 'G'/GF' 0/N/د?F' 

1.1.1.IV 'G.g.دGH 0'G'/GF' 0'/'د?' 

 .G'F7. OF' 'F.G.6 7N/7.. GNFF .&'.F OF' HN7NFF/'G'/G. /N//?F' Fluent ?G ?G F/F /N//F' 'G7H76 8'G/F' 0g/'

 /N&'F/ /&NG. ،/F'7F'،/?.F' H'N7.F /FNF/ .&'.F F.' FG /NF'? /F/ ?G 7N>  F.'F،7'>6FgF 7. 'FFGGNF' .G'F?F' /'G'/G FG /N//

. /G7/F' /NGG /F/'?G ،/N7'7G.7g' /F/'?G ، /NF6'G.F' 0g/'?GF' F/ 

 /7'7/F' FG HHg' '6.F' NG /FG?.7GF' 0'/'/?g' 7GF OF? 8'G/F' ..NG 0'/'/?g /.7FF'.NGH :NF'.F'G 

:F/F' /FN77 ( H'7.Fg' /NG87'N.coupledalgorithm ) 

 /G.6F' ''.7' FG'N?F /N6'7.Gg' GNFF' 

 ('776' /G>F':FG/.F' " G'>F k-epsilonrealizable " 

:?'?6g' H'FF' 00NGF 00NGF "discreteordinates" 

F'/N?.7G GNF (7'F.FF :(5-10 ) 

 GNFF 'GG /7'7/F' NG /..'/F' GNFF' ?G 'F.'7 /7NG6GF' /N//F' 7H76F' H'./'./?77( H7GF' H'7H/(0.2rad/s)، /N.0'.F' 

 'F? /?.'FF' /N6'7.G' /7'7/F'7/7GF  /(، 101325paNGG(، '6F<ط 'PN.F )N/GF' /7'7/293kط ) /، /7.(9.81)

)3w/m 32000(G'6g'. ،/  ?&'GF' HN./ /?77 OF' m/s 0.5   

 NG /7NG6GF' /'NGF' 7&'7. H'./'. '6N' GNFF،/7'7/F'  0'FH7G F? ..'FF' O?N.7F' 7'N.F' 0'?'7GF/F' 0'.7 NG /7'7/

( GFN7N. 00NGF H'./'. GNFF 7'>6FgF F.'F 7'N. GF? ..'FF' H7GFF P0'/GF' 7'N.F'Boussinesq Model )H 00NGF NG

'/G H' 8'7.G' OF' 00NGFF' '6G /F.7N .F&'N7FF /NG7/F'H /N7'7/F' 0'7'N.F' FNF/. NG G/..7N N6'N7/G 'GF'/N77NF' //  /..'/

 /..'FF' /G'/GF' NG /GNG7F' 0'7N>.F' ''F/.7'. GF0H ،/NF/GF' 6<طF'H /7'7/F' 0'.7/ H'7F 7'/G OF??7N>. F 7'7/ /.7/ /

.//'GF'  
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2.1.1.IV F' .ئ'.F0'G'/G 

NN>.. 'GNG GNFF N.F' 0g'/F' ?NG. ?G 0'G'/GF' /NFG? 7'7G.. GNFF ،/NF'/GF' /G'7GF' /N//.F GG7 77''NGF' /F. 

/NF'.F' .&'.FF' OF? F7/.F GF6. G'NFF' /?. ،H/'.GF' 07.GH F./G FN. /7'7/F' /.7/ NG 7N>.F' F.7FH  

 E(cm) 0.5 1 1.5 2 2.5 4 8 7مك 7بق/ 'لهو'ء

ي /7./ 'ل/7'7ة 
 Āą(�°) 296.96 296.97 296.98 296.99 296.97 296.94 296.85'لم70ج ف 

 Ā(�°) 3.96 3.97 3.98 3.99 3.97 3.94 3.85∆    /7./ 'ل/7'7ةف7ق 

 'لمبا/ل ب/ل䐧ل/ 7مك 7بق/ 'لهو'ء.  وم70جف7ق /7./ 'ل/7'7ة .7N  م/0ل  4'ل./ول 

 G6G Hg. FGF/FG G77 'FFGGN .&'.FF'O  7N>.F NF'N. H7G/7'7/F' /.7/ H/'.GF' 07.GH F./G FN.    ∆Ā(�°) /Fg/.

 /F.7 GG7.''NGF' 

  

ي ل.@.7 ف7ق /7./ 'ل/7'7ة .7N  م/0ل وم70ج 'لمبا/ل ب/ل䐧ل/ 7مك 7بق/ 'لهو'ء20 'ل8كل
 Fيا.  F/من 

 /F7FG F/G./'..F' 'GNG HNGN N.F' GNFF' /FN.FGF'H  F.FF /N/ ?G.7G P7'7/F'10% /GNF OF?' FG  HN7/F' 'FFGGN

 GNFF' 'GNG HNG. /N/ GF0 7G? ''7G/F' /F7FGF' F/G. 'GFN. 'GNF?./6G.FG 

 ON7F /GNF /N.H OF/FGF' FG ظ/gF H7G/7'7/F' /.7/    ∆Ā=3.99k°  F. 7/FN GG7F /FG'NGE=2cm ، 'GG

.N7F. /F? /7'7/F' /.7/ H7G NG GNG7 8'G.F' OF' OF/FGF' 7N6N ،/F.'7F' /GNFF' FG 7/G' H/'.GF'  GG7 FNFF. H'. GF0 77GF

/7'7/F' FFF /NFG? طN./. NG ..7.N 'GG /N7/. G7/.F' FG G.'&N6. ?FGN ''NGF' /F.7 N?N.7F' FG/F'. //'N8 H' ظ/gF 'GG ،

 H8'?G FG?N P6F' ''NGF' GG7.P7'7/F' FFFF' /NFG? ط./N  

 6?. H ) H7GF' H'7H/( H7GFF /NGNG'FN/F' /F'/FF '7>F H7GF' H P7'7/F' H/'.GF' FN. H'G' /G'7G OF? />G'/GFF

 H/'..F' /NFG? 0'?'7G ?G ''NGF' /F.7 GG7F /GNF OF?' 6.'F /7'7/F' ..7. H7GFF N.7'.F' /77F' 0'?.F'G O7.g' FG'N?F'

3.84

3.86

3.88

3.9

3.92

3.94

3.96

3.98

4

4.02

0 1 2 3 4 5 6 7 8 9

∆�(�°)
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من7ق/ مق.ول/

 /6NG7G /F7FG 
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/N/ P7'7/F' /F.F.'7F' OF/FGF' FG /FN.FGF' /F7FGF' NG ''F.F' OF? ظG'  /GNF 6.'F FG'N?F' G.GF '7>F4cm  FN. ..'/ /?.G

 H/'.GF'H7GF'H /7'7/F' NF'. NG. 

  2.IVد?.F' /N/g/ /7'س/ 

 :/GدFG 

  H7GF'H H/'.GF' FN. /?.F' /N//. /?.7/. GNFF/7G'>F' /7' /?.F' /N/g/ /&NGF' NG،  /N/ GNFF?'.//'  7GFF' N7/FGF' FG6G N

F /?.F' /N/g/ />N7 GN/F.. 'FG 7Gg' FF?.N ./N//?F' /'G'/GF' FN77 F? 'G.7'7//G8gF' 0'G'6g' FF. /'G7'.F' //'?' 0'NFG? 0

 7&'7.H /N//F' 7H76F' ،'F.7'7/ H'.G OgH' G/FF7 ./7'7/F' NG 'G('7.' G.N7 N.F' /N//?F' /'G'/GF'6/ ،/G. 7NN'?G G

./F.'7F' /7'7/F' ?G FG'N.. N.F'H .ظG/F' 0g/'?G F/ FGGGF' FG F?..7 N.F' /'G'/GF' /N//.F GF0H F' /F'7'F' /N7'7/F /'?G

/.'G7NH ، /N//.H/'.GF' 07.G /F? ''GF' /7'7/ /.7/ H7GF' OF? H/'.GF' 7N/'. /7'7/H 
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1.2.IV  /د7'سF' /NدسFGF' 

1.1.2.IV FG6F' NدسFGF' 

F /.N?7( H7GF' HN7 OF? H/'.GF' /7'7/68m)  /F/G.G /FN? /7'7/. GNFFGF' FG ///'H ///H NG.H/'  NG /F/G.GF'

(10cm)  GF6FNFF N7/FGF' FG6F' //'?'. G OF.FGF'F.'7 ' H7GF'H H/'.GF' FN. /?.F'(4cm)  6?. ?G /F'/F' /?.F' //'N8 ?G

NG7F' 0'7NN>.F'GFG6F' NG /6NG NG 'GG ،/7'7/F' /FNF/ ?G O6'G.NF / (19 ) 

  

FG6F' 21H7GF'. طN/GF' P7'7/F' H/'.GF' FG /7'7/ /FN?F NFN/G. G77 

 مخرج

 مدخل
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FG6F' 23 ?&'GF' 07.GH F./GF N/N6N. G77 

2.1.2.IV /د7'سF' H'.G /G.6 

 /?.F' /N/g/ /&NG NG /F.'7F' /7'7/F' NG /7'..GF' /G.6FF /.7'FG /G.6 /NFN.. NG Hg7Fg' 'FFGGNG NG 'GG6F' NG FN..G'F/' FG 

 

 FG6F'22  /G.6F'/?.F' /N/g/ /&NG NG P7'7/ H/'.G ?G H7GFF //FNGF' 

3.1.2.IV 7H6رF' : /Nد/F' 
 /N//F' 7H76F' /F/'GG NG /?.F' N/g/ /&NG NG /?.F' /N&'F/ 'G.F.'7FF./GF' Gg..'. 07.GF'H G'GG طF NG  NG FN.G

:FG6F' 
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2.2.IV /N/د?F' 0'G'/GF' 

1.2.2.IV 'G.g.دGH 0'G'/GF' 0'/'د?' 

/'G'/G .G'F7. OF' 'F.G.6 7N/7.. GNFF .&'.F OF' HN7NFF.  /N//?F'Fluent ?G F /N//F' 'G7H76 F/F' 0g/'?G

NG /GG'/F'  ./?.F' /N/g/ /&NG6.F' NG /FG?.7GF' 0'/'/?g' 7GF OF? 8'G/F' ..NG 0'/'/?g /.7FF'. '.'7F'F 7'7/F' FG/ 

)/?.F' /N&'F/ /7'7/(  

2.2.2.IV 0'G'/GF' .ئ'.F 

 

 /?. G'NFF'0'G'/GF'.  H/'.GF' FG //'H 77F?F /N//?F'( /7'7/F' /.7/ 7N>. G77 FGGNfT)  '6G HN7 OF?

 OF? 7.?F /N/ H/'.GF' FG '6.F'H/'.GF' F.'/ ''GF' 'G?7FN N.F' /G'7GF' ( F.L) 

 

 FG6F'24 H/'.GF' HN7 OF? /7'7/F' /.7/ 7N>.F NF'N. G77 

.'gF H'N.F' Hg. FG /7'7/F' /.7/F 7..?G ?'G.7'  F. 7/FG3 0'.7/  G77 FG /?N7FGF' /G'7GFF /.7FF/ظ

 ?&'GF'H NG /F/G.GF'1/680  FGNFGF' /G'7GF'/.  
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: Gة  ات  'Fح 
 

N&N. /7/'.G /7.G .7NF .FG7g' /?'F7 NG 'G7NH/. //'?'H /?&'6F' /N7'7/F' /F'7F' //'?.7' H' F. ،/G ' O6N' N

.HN7F' NG 'G.F'GG 6N6?.H 0'G76FF P/'7.Fg' ''/g' FN7/. OF' P/&N H' FGGN NG0 7'G/.7' /. Hg. FG'/' FN7 GG' //' '

 /NFG?F' 'G''6.' H' /7'7/F' FG FN.. /N/  GN   GF 'F H/'.GF' FN.7. FG'//'?.7 93% F' FGN7'7/F' /F'7F' 'GG /?&'6F' / /N6N G

GF' /F.7 Hg. FG 'N7'7/ H7GF' H6? FGF7'GF' ''N H/'.GF' FN. /.H7GF'H 

 /F'7F' Hg>.7' FGGN H/'.GF' 'G7.GN N.F' 'GFG 7G6F'. 7.F //? 0g'.G NGH'G?.7g'  76'.GF'F.F' G'NGF G. N

 NG 'GFN.7. F/G'G /N6G7GF' /&G/.F' 7'..F' 0'FN.7.H ،''.6F' NG /FN770'.Fg ''.7GGF' N7F' F7G NGG /N/ ،.N /NH6. G

 /6G.'. H/'.GF'0'H/'H  NG GG/.F'. /G7. 7'NF H/'.GF' 0g./G./.'/F' .7/ 

 GFGG 7N> 'ON.7FH 'O7N7. ' O7'G/.7' P7'7/F' H/'.GFF /7.FGF' GNG7.F' /?N ،G'..F' NG' FG7H.F.NG7. //N g F7.N .

 /'?..7'''F/' 7'H/F' H7GF' H'G ،GF0 OF' /G'6g'. ..NG7.F' /NFG?  g H/'.GF'7/&N ' H' H7GF' OF?GF' //'GF7N/'. /..F'N.F7 '.  FGF

 '6G 0'./N 7'G/.7g' /7'7/H PNF'7 FNF/. OF''FG?. 7/G'  /N//.F?F7GF' 0'.'N./' .7/ GFN7'G. ?NG.. 

  



? صل '7F'ئ  'Fف 
7ن                      : ا/ل /7'7ة  'Fف   NGF' ?G

 

  55  

 

 

 F'ئGF' /Gر'.?:

 

1. Rohsenow, W.M., Hartnett, J.P., & Cho, Y.I. (1998). Handbook of heat transfer. 

McGraw-Hill. 

2. J.P. Saxena, "The Complete Technology Book on Minerals & Mineral Processing." 

Asia Pacific Business Press Inc., 2005. Rohsenow, W.M., Hartnett, J.P., & Cho, Y.I. 

(1998). Handbook of heat transfer. McGraw-Hill. 

3. John Wiley & Sons, 2006. Incropera, Frank P., and David P. DeWitt. "Fundamentals of 

Heat and Mass Transfer 

4. Holman, J.P. "Heat Transfer." McGraw-Hill Education, 2010. 

5. Kays, W.M., London, A.L., Crawford, M.E. "Convective Heat and Mass Transfer." 

McGraw-Hill Education, 2012. 

6. John Wiley & Sons, 2003. Shah, R.K., Sekulic, D.P. "Fundamentals of Heat Exchanger 

Design."  

7. Cours CFD et Logiciels (2023) 

8. H.K. Versteeg W. Malalasekera An Introduction to Computational Fluid Dynamics: The 

Finite Volume Method  

9. Jiri Blazek. Computational Fluid Dynamics: Principles and Applications 

10. Blazek, J., &Felcman, J. (2015). Computational Fluid Dynamics: Principles and 

Applications. Elsevier.  //G7F'79 . 

11. Dong, B. (2000). Validation and comparison of turbulence models for flow over a 

backward-facing step. Journal of Fluids Engineering, 122(4), 771-780. doi: 

10.1115/1.1288398 

12. Yilmaz, İ., Özdemir, M., &Icier, F. (2017). Effect of mesh size on numerical results in 

solidification process of a two-component molten droplet. Journal of Thermal Analysis 

and Calorimetry, 127(2), 1325-1334. 

 

 


