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3 Up-wash flow
hmohaddesd@guilan.ac.ir :olsle bosps odin g



Jhlizdl g ool  Jidetiws (sladge (sl a8 0l L yuioren oS .l
92 2 53 (Sl 08des 0)')? JU! cp pige )3 5t colis oS
Lol 12300 &) yioseo A S50 b jlad L ¢lyg b il g L)1 ol
ilie oo g lolioul (glaisjed o tile a8 Corlus b cloilse gl
L IS st i3 o ]y (st 3, 5SS (sl g i
Lol el oo l8" 5L il dots 13 9 by Croglio Elygu ylad (2ol j8]
ol dialy 15,5 Ao Calue 4 ()l 5, Sles g &yl > Jlasl i3]
liwly 53 ond dlul Flygw i b 45 Kdges saalie wien Lo
38es il 3 Jge by @ g sl 33 g Sk s3ges
S5 2 N 26 g ST uita oIS Ll b GBI )l
Ol )lié el e

b slaads)S Bl 1 soie gty [N ollSen 5 Sige
Loyl 53505 (gilutends 55 axiio Gyl e 2 |y S0 () 2
25U 00005 ool (ie 3 Siluenl (Jobo ild)3 90l adllas oyl jo
& cpl 519 aly S LlEs 5 wld)S Mo cardy 90 o (wdye dlold
o wmly gyl 8,8 8 adllas 3y50 )ls il Lialdl coy
sl § o blite $la oyl Jisl L g Job slaals,S cyud
cel 2)Sluoal slaal 3 o blite 515 o)b  (Siww 3, Sluenls
Syl Jlisl LS il el ol Ll 03,5 o ladshs § )8 tnls
3,5 buadl (slaasld S o y3 odd Sis S b by 4l g ol
oS By a5 ol 4 bl D9 o oyl Jlasl ialEl deus sl
P 45 3yl 32g b S (sladge Sye dlolb ly ane ] S
P oo )l JUl (L cp e (alsod &

JUS S5 31 g sl 52 oo 41058 Wga b sl adlllas 5
U (oyp sshaie &l Y3 qw)yp 3)50 (228 Oppodr et
5> ¢ dubatuns s, Moo i g4 dw jl o Job ails )3 Wae IS
2l 586 g 0nd oalisel Eligws g g )¢ bulyd > e
adlllas 390 iliseo alox (gLl 53 @)l JUil 5 Jhw by Slasuie
SElas! oy Gy Flygw sl Ol yuiomed ol 48,5 )48
ool 48,5 1,8 Sbj5) 5y50 S 0,Sles 5 ol dae s

BB lojl Olopass Y
wor 4 by gpblel pbsl ly oss (sjluly
ok » el lale o)l JUsl s b e shaasui
g (il 0)lg sl oV ISS )3 il S Wge jgls 5 JUIT S5 (slge
2 sylpl o ol piwaw cpl 50 Caol odds o3y lis ¥ S5 s

:lais S 148 eolawl 550
S U Sl Jolis Lol (g5 N
inlejl G b caslie sla b ys dbul cas oaiSe 3 LY
Slllas ailaie Y

Ol )3 1y 5 Sl (0 (JUIS glis)) uln ¥ P L (655)1,8 Syl &S
Golye a5V sy slael 3 Ll ol s el walss o)l s
OYoleo (g0 O yaods [F] Laggls 5 wlowws g Aaled 5 jwguse
e ald)S e (gl (e JU S (sl 1y 6551 9 S gl b
S9y 2 ©xb & al)S clalge goi (pl 45 Ndge osnlive § 13,5 (o)
aold 5 V-0 adles aygly > Ol il g 3)lS oo S ()l 3 Slas
as ol L gl b oo 1381 Z¥D dgus (63959 51 Y Mmoo (gyeve
Al o AYE Dgas YO dles asgly o oyl JSH dgn ol liee
Silodnd o 'S5 ol (gilwand (g, 5l edlatl b [V] )15l g
S8 @ el o 53 ppan b JUS 6 o 1) ol Feiies o030
odgdme jd ¥+ 5 Vo0 Calidee ales asoly 90 0 JS5 V ails,S Mg
sl )3 s 4 bl ol ges (gilwdndd Yerr BYee 5000, il
0923 (59) p ol dde oy i 9 Wb oo SRl Salgn; dae I L
e n3 o 5 S ge Cudy 3 ey Canrly 0 JUS il
a8 b S5 slab S (cluand Juo (65,54 45 3505 )]3S
4S5 b o (5345 (Lo (g, b dlio 5o Wyicee o) s
g o 0 Bl S Slalre ploj aze by (el @uls 32 sl
o1 ol e aodly S5 4 b S W iy S S1[A] S
O v 5 olael odgame )3 o)l (69, p (batue pdaw (9,5 a8lsl b
O gl 3uin ol 3905 gy |y ciliseo alos (gblg; b VYO e b
Syt Saaud] osd Mol datine a5l S 4 auld )5 Wge a8 s
Osme 9 3l o 4 eolw (batus axdl (65,84 el 4 cuns Iy
hbaiis a3 Wes (2B avis 4 ond PNl maw (3,8 aSlsl
a8lal s & Cond (g g liwe a1y Hlid il g ooyl sl wles o
3yl Jasl ol s byl sy il 3D axis 4 s
ew s a3 syl 1) suds pMol ailbSee (645,84 b
e 905 ol il o> & K05 (slain b 555 e
Ol alyS dse (gl 1) il ales (sblyj g JSI[A] e 5
S5 o ygSl g omas 45l oalitl L g 2315 418 oy 350 pl)]
VO b gl b U5 (gladsjed duls )3 Wge 9 10 dlas el cadin i
@ [V ] KB g 5 dge5 ()15 s s gt 4 als )5 dge s,
4,5 clodge 2,Slos (53 00 2] g s b 225 y5bo
g0 wyp yhalizdl g ool cls g3 3 1y (gladized 9 (ulatuws ¢ ilio
JGsl axasl g sl by 93 o 3 blissl 4,3 Wge a5 adly > L]
2o )l 5 (a8 )Lid Cl ppimen S (o0 bl e )l
543 e L3 ) ()l 3 ySkes oy sl (tlte ls;S g oS
Vo oS s )3 sl (A=Y+°) jbolsul (cladijed )5 Wao o] 51

ol 3,Sles oy yieS gl YU HLid ) s 4 eole et ab S

1 Large eddy simulation (LES)
2 Direct numerical simulation (DNS)
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Fig. 1. Schematic sketch of the test section
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Fig. 2. Schematic platform for experimental experiments
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Fig. 5. A schematic view of the perforated vortex generator and the
dimensions used in this study (longitudinal dimensions, cm)
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Fig. 6. Vortex generator types: a) simple trapezoidal; b) perforated trapezoidal
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Fig. 3. Temperature sensor
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Fig. 4. Source of low voltage generator
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Fig. 7. Insert thermal sensors
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Fig. 8. The placement of a simple trapezoidal vortex generator pair
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Fig. 9. The comparison of predicted results with empirical correlations: a) the average Nasset number of smooth channel obtained from the present study
with the Dittus-Boelter correlation; b) Comparison of smooth channel friction coefficient obtained from the experimental results with the Blasius correlation
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Fig. 10. Flow detection in the presence of vortex generator (formation region of the horseshoe core, transverse and main vortices in Re,=10000)
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Fig. 11. The variation of the coefficient of friction in the presence of vortex generator at different attack angles: a) a=15 ; b) a=30; ¢) a=45; d) a=60
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Fig. 12. The variation of the Nusselt number in the presence of vortex
generator at different attack angles: a) a=15 ; b) a=30; ¢) a=45; d) a=60
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Fig. 13. The variation of the overall performance coefficient in the pres-
ence of vortex generator at different attack angles: a) a=15 ; b) a=30;
¢) a=45; d) a=60
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Fig. 15. a) Comparison of the friction coefficient ratio for simple and
perforated trapezoidal vortex generators, =45; b) comparison of the
average Nusselt number for simple and perforated trapezoidal vortex
generators ; ¢) comparison of overall performance coefficient for
simple and perforated trapezoidal vortex generators
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Fig. 14. Fluid flow detection in presence of the vortex generator:
a) simple trapezoidal; b) perforated trapezoidal
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Fig. 16. a) Comparison of the friction coefficient ratio for simple and
perforated rectangular vortex generators, a=45; b) comparison of the
average Nusselt ratio for simple and perforated rectangular vortex
generators; ¢) comparison of the overall performance coefficient for
two simple and perforated rectangular vortex generators
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Fig. 17. a) Comparison of the friction coefficient ratio for simple and
perforated triangular vortex generators, a=45; b) comparison of the
average Nusselt ratio for simple and perforated triangular vortex gen-
erators; ¢) comparison of the overall performance coefficient for two
simple and perforated triangular vortex generators
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