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ARTICLE INFORMATION ABSTRACT

Original Research Paper Spray plays an important role in many engineering and industrial processes. Therefore, it is important to
Received 28 November 2016 investigate the heat transfer rate of particles in an environment with a wide spectrum of vortical
Accepted 29 January 2017 structures resembling turbulent eddies. The interaction between these vortical structures and spherical

Available Online 01 March 2017 particles significantly influences the heat transfer rate of particles and their life time. In the present

study, transient heat transfer of a spherical particle interacting with random vortexes in an

Keywords: X A . . . . . .

Vo);tex_pamde Interaction incompressible and viscous flow has been studied using numerical solution of the Navier-Stokes and
Vortical Flow energy equations at Re=100 by the developed computational algorithm. In order to ensure the accuracy
Spherical Particle of the calculation, the results are compared with numerical data available in literature, where good

Random Vortexes agreements were observed. The influential vortex domain around the particle was first identified with

simulating two similar vortexes based on their impact on the Nusselt number. Then, using this domain
of influence, effects of the number of random vortexes with different structures and positions on the
heat transfer rate of the particle was considered. It was found that only 4 or 5 vortexes can well predict
the influences of a vortical domain with larger number of vortexes on the heat transfer rate of a particle.
The results also indicate that for 4 or more vortexes the Nu varies in a limited range of that for the case
with no vortex flow. Furthermore, increasing vortexes sizes, leads to the higher heat transfer rates.
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Fig. 4 Time variation of the heat transfer coefficient of particle interac-
ting with a vortex and its drag coefficient in classical flow in
comparison with results from other researchers at Reynolds 100

5SS, So b Jelas 5805 )l JUESl oy lawgie jlade Ol s 4SS
100 j0len, o olaioes 500 bt b awslie ;o SIS by o Jl Sl oy

97

piayol 5l esliial b Sley a8 jo 50 oSl S¥oles ouls Lolay Odlex
by cVolae o digdi oo Jo Glojee Sjge 4 iladw G Sle J>
48§ Dyeo 0,8 ol 4 Bais lawg adbasng olably adly,
das g o5l o Old S > S el aS ol o @ Jlew b >
Sydoe 43S Sl e pAleSlE ol 0.3 5l 5 SasS abgye gl
5 oS gl = gl SYolas Jo j0 a5 M 1 SO jled lasse awloes
aloee gl Gloj Joies ably S 3l s @ ol Sl es ol
a5 Sl g o slolae & 3L jled Sley g anwle gl ool jlid
o soliinl | 2850 wlive U, S 5l b il JLad & jle Joli
ol &l,1 1968 Jlo jo (IS5 oRails 5l e Jawgs )b s a5 ol
oo leslaul b Gley pl8 ol 10) iy al>pe jlid lags 51 ool
[14] ».\J?-MJL_gQ Teorad )L....S 9 e yw 039> g 4.-...41:&@ u}..u]y ol

4G 5l s Sl g soue Jo (mwyliel -4
So b g9yS 00 Julws b yo cdul sae Sl lwgie lade &y
L =0 5 cewdVl b,> 50 0,3 gleds 10 adgl coxdgo ;o 55000 W55
Doge 4 (G2 H9h 6955 003 2 SS9 O Ob) SedS b
500 @l b g oo 03,514 Ui ,0 Re=100 [0 (1) ams o oloj 51 ol
o sl Bl ossmolis j IS8l el sal dnslie liase
odalie a5 jebolen .l Gliixe K0 b b ol goue Jo mls
S TR jo 055 Jlade o yieS 4y (59,5 0,3 5l &l JEl &5 0ed 0
23 55 S g5 S8 by s ey 0 43,5 4118 003 05 50 el (S5
axb ol jo dren Sl ialisl s a4 oty Ao b o wled g 0)d
Alio b wled o,3 T j0 (w59 a5 7216 by B o)d 5l &)l y Jasl & 5
SedS Gl e 4 bgaye (B e 4 Cwasnly (b S
olin Ll 5 oz s 5 08 JTL 58 sy Ko
@l o a5 jsbplen 5 wiS oo dbml 08 JLad g LDy Sl S
5800 Jlasl 0)3 3 525 65k sley (59508 3580 oawliv Cp by
WS (oo Joo SedS 0l 2 58 003 (Sl po Sl ke @ ol o

L Jols ;0 Re=100 ,5 (59,5 (50,0 cdul sae (gl calisee polio
or Sl oglae o, olaws L aSludh sz Gl 4 alie WSSy g0
Como pwyp 5 &0 polie ol odwliwmday aSs 3l gl JMaiw!
S5 enl 50 g sl o 00,51 [8] o jo o 4ty 5l ol (o9 Jitns

-5

2 0yd Jsm Ol ewyp @ 485 9o o0 o i lisl Sl ey
5o Ogdee ai>lyy REZ100 o aline Jslo L oS5, 6-4 L Julss
99 it b (Bolad Glo w555 (ilwand 6l (Glwlre 055> aclol
2 ebal sae ol 8l it (2855 S 0 by alie Sy

! Projection

3 ooladds (17 0993 1396 s ,a (e Suilke wdiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.3.45.9
https://mme.modares.ac.ir/article-15-9505-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1396.17.3.45.9 ]

o Hls J-_A_A},)”u__dlb o)

95 03 S 5l cpba JUS F 5 s2 E3Las sl gus g il

50l U85 Caz g 0yd 4 o Al CoaBge (0508 wojlail 4 a2y L
0,5 k8, 5 Sl » S ez QW S s laee G 3lml L etz
0397 0 Sy 93 FleFE b e sl dalsE by Gl 5o
Sl @i il €l Gl > Gl glosle Joe Wiy e oS (Slolxe
Sl 50,5 gz az g b (S y9 99 amd o i a5 sl odeluwsay
o)) @l 4 azg b pizmen 7] 0538 o (55,5 0,8 118, 5 (Jslie
95 5 ilodn 4y anlllae 3,5 3game b a5 o walin [8] & e pd 0dd
Gtz L ailg e 4y Gy Gl 5 wiin Luld b uS5)
35 w8 St sz Jlo 50 0,8 Bkl sles @i p Sglite (i35
WS see 1 )

St b o Gl diins 3 S5 S 3 4 a5 L
5 3l b ol STy b @liml anld 5l iy 08 G el il
L oSy cetls dnlys Joles ol 5 Sglite 5,5 (slais,ud
Ol sad &5 0,0 &y Camnnd Sgliie slaiuaBan g (50,5 Sy w0 cojlu]
Lwly Gl po 25 8 o ol > Gl plaee )0 ol j5a> sl
Sl otie byl p Sl 535 5 s b el ok
55 4T 050 anlllae B 1) K0S L lagl s pos 5 Lo S5 )
Slgs e bz Olawe )3 ol (ileancd 5 (lie (nl GBaimss iey
Ol Ohee S e Ly 08 Sl ol JEl g5 St 5l e w>
Gy cslo Grolesl gy SOl p3Y 9500l 5l aws Cawoay lals 5
5 55 55 e ol slocllo L ol oS53 5l 5 i
2 b i o5 05h e oSy (silterd sl Slodgazme
5 edgime Cal ooyslcessa Gl Siys 50 5l WIS e S0,
sl 00l oolizwl Jos ol 5093 yauen

559 99 il 039> (i -3-5
S35 03 L8, 5 5 RSy p (SS9 95 5Nl gazme Ceand (nl o
5 00 o8 Xo=-10 adgl CumBae 0 lol a5 S5 ,g 90 ] go Cemday
0<[E][<6 osgamme 10 S ;o lp sgbuw Hlade a4 oyl jemme 51 Byl
R s 290 0y3 B8, ol sy B ot SIS g s
Caled o el SBlss Cawday Sy 99 530 0jem Dyge py g 05 (0
2 039> 53 59,5 03 NU » (Solas (sla oSSy Jalsd 1 (omy 2 @
RWIRVPEPLES g

o S5y S 2 32 85 055 (A2 85 Sl 0 e e cnl 5o
Luls g sl b olo S5 ,9 4 asllhae ccils walys 49 BB 36
ol o e Cansty WSSy g0 ),.Jb 09> g odds Sgdme dilive adsl
0% gty 1 ke 51X oo 5l bS5 g Gill e ozl L,
o s il Rl S sl Sy S50 @ T 22 66 oS
ol 5 il oIS Koy ol e 5,3 L Lo Sty Jolas
©955 0y0 69y 3l sl 5 CSIESs Ghz e 4 baipe @l 4 Jol>
Wl sy Ll 590 € 03game § Nigd S

55 15mes b 35 53,5 0,8 el sas 5,35 Sl s 7 UK
LY sgome sl jo wliie glacasdse ;o g alin Ll b S5,
l_ngax:O.Z Q)A_é o=1 4_..]9l él.t_m L’ u&.}')j 90 dlwd RO (0 ULMJ
Wilazd 8 13 b > g0 0 S celuol LSy he S

el 00l °°)ST dwlio gl (5 970 Oyl

3 oolais (17 0995 1396 ls 3 (e Suille Swise

S (oo g O Gapy 42l Sl oS cele (B0 5 L (gl slanSS )
Coly G b Gz G Sl GlagSl 058 0 canlin oS jsblen
ol 0l Ol 53 SS9 B 9 4 jgax 4 bgipe oo 4 a5 S8
s Gl 5 0,3 b (K55 6 Jabit o 55 s S5, e SLlS
=5 Ol Olawe 30 S559 4 jpa> 4 S ol Los bglas  Sxasl
Shiloas oannS Cawspmly by e 4y g 00 j98 0,3 mhaw 3l i
X e Wl 55 8 Felusly o8 b 5,5 2 i LA L 5,0
5o b oslite ()l lassll (BD JSi) (555 4 Slawi b ol ol
50,0 Vb 40 WS, 3 8,5 I3 Ll ool Cawoty Koo el
2 Les bglas 0,3 (b & Cond 4l Gl o lals S 039> (085S 5
2 LSS5 Wad oo 03225 0,3 (Vb Ceews & fiie Cwwdimly b~
530 o1 51 218 (e 5l 5 S o J18 (59,5 0,8 allis b Julas jo 7212
yze o 4y 0,3 GlLLI 45 ol > byl 7230 4 a5 eyl b wigd oo
el oLl gz Glase 53 Ol jgd & bosye i oS
Ol 69, 3 559 6-4 s3e (b )0 59,5 0,8 SLI o oy bglas
0 b ST,y el oo ooly lis 6 JSi 0 5 IS b sl Ll i jo
b Ll o a5 W58 o 3B RS0 o loe 2 X j9me b 5 VU
oS53 sl i 4 5l 5 3 Feelusly (25 i &
2O NgBies 6355 0,3 Ceoms 1 TSy S p Gl s (Sl 5 (VL
CS o o] s 4 00 eV I bS5 g ] o 1730 o o5l
oSt 55 iy o] sl s (o5 & T olaj 9 45 4255 o
Ol g 0yd 4 gl 5 Vb Gl eSS,y pasSioy L 6C 5 6-a
@l ol )0 (S yg 0B 698 9 003 e 2 Gl gl )3 Ce e
Sbml 0,8 bz 5 (SBg mhaw 0 i @ b w9y s Vb 4y, SL>
o3 9 03 @Yb g 51X j92ee (Vb 0 STy 908 o o5 2900
o o 55 o 3 s5ign ] s e s5mn ol 59 oS
2 jpam a4 Cud X pemme Vb 50 SS9 3 jeam w0yd b 5SSy 5
Ol 553 5 Gl Olaee 53 ) pas carge e (b 5 559
e 35t 03 Sy ofelusly 295 e b slals S
Cwodiml )3 Vb 4 gy 0l g LSS 5g SVl 3 b 4 ) Sb>
Sobse 08 (2ol gSw dhll glraly e & S9bo bnl Loy
oSy 3 Sebusly 25,5 e b ¥l slo5,5 (6D S
g 00,8 4l 0)d sl s b b nST )5 9,55 5 ey 5o 200 L sy
P X 5o 5 G SS9 Nigdgo 00eiS 0538 (i) 4l Ceons 4y (oS
s 45 03,5 5508 08 i 5l e Vb lo S35 5l (oS L 2210
(6-a,b) ;Ko JSs 90 4 Camd 0, sty allds ,o )l 40,55 oy
Sl 0,8 Blbl 00,3 3l b WSS, ol H90 b b, bl Laisd oo

Dedse Sud5 6 97 (e Gz plawe jo ol Hpa

il 2 Glias S5 3 055 Sy Hld) (omy 1 -2-5
g laddle (35 ) 0 b (WSS9 99 5 S Jelsd Jl ansdS Slalllas o
15X j5ma) jsme 5l Bl 5 50,5 g cojhul e jad calida polie
sanlin A cw)p 5955 058 o 5 Oyl JEl o ool B USS
g5 ehl b ©ype @ plgie 1) 0pd o Gkl o aasl by o5 ab
e ol 15 5,5 (sl (S g) slals,S sl sl s
S Joles Lly b 58 0,5 gy g oamlie 0,8 Blibl sles 059> 0
oS3 59 S ols (L a5 0 anlllas g (gileand (595 0,0 S L ST s

98


https://dorl.net/dor/20.1001.1.10275940.1396.17.3.45.9
https://mme.modares.ac.ir/article-15-9505-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1396.17.3.45.9 ]

Jio )l dgen 993l i3 6955 03 3 plya JUi 75 31 oA 3LaS (sl pui g il

ot | L] o ot | L] pm £ ot ]

ey L ’ ; r_-'-\{-’?.'e e ’ / ,._.'.\{-
LFL*) el &

e L N N L NI N

—
.—|J'1II." Ly e
! F )
AN

=1

b - L e— 9 =
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Fig. 6 Streamlines of the spherical particle at Re=100 interacting with: (a) 4 vortexes, (b) 5 vortexes, and () 6 vortexes under the same conditions as

figure 5
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Fig. 7 Time variation of the heat transfer coefficient of the spherical
particle interacting with a pair of vortexes as a function of vortices
offset positions
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Fig. 8 Time variation of the heat transfer coefficient of the spherical
particle interacting with a pair of vortexes as a function of the axial
positions of the second vortex
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Fig. 9 The range of the variation Nu of the spherical particle interacting

with 4, 5 and 6 random vortexes
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Table 1 Obtained samples with using of Excel for 4 vortexes

S559 5oz sl ST 5 ool b oads (>l slaaiges 1 Jgur

Vimaa 4l 04 & %o Vmas 3 035 & Xz Vmae o1 02 & X2 Vmaa I 01 &1 X dgeioyled
0.1 <0 1 -2 -14 0.1 <0 2 2 -14 0.1 <0 1 -3 -12 0.1 <0 0.5 -3 -10 1
0.2 >0 1 -3 -13 0.2 <0 0.5 1 -12 0.2 <0 1 -1 -12 0.1 <0 1 2 -10
0.3 <0 05 2 -14 0.3 >0 05 3 -10 0.3 <0 1 -11 0.1 <0 0.5 2 -10 3
0.4 >0 05 -1 -11 0.4 >0 1 -3 -14 04 <0 2 2 -12 0.1 <0 0.5 -2 -10 4
0.3 <0 05 -2 -10 0.2 <0 05 -2 -14 0.1 >0 1 -1 -12 0.2 <0 3 3 -10 5
0.4 >0 1 -3 -12 0.1 <0 0.5 3 -12 0.2 >0 1 1 -12 0.2 <0 1 3 -10 6
0.1 <0 0.5 0 -10 04 >0 0.5 -2 -14 0.3 >0 3 3 -13 0.2 <0 0.5 1 -10 7
0.2 >0 05 2 -14 0.3 >0 0.5 2 -10 04 >0 0.5 0 -12 0.2 <0 0.5 -1 -10 8
0.4 <0 3 -3 -14 0.3 <0 1 3 -14 0.1 <0 1 1 -10 0.3 >0 0.5 -2 -10 9
0.3 >0 0.5 0 -12 04 <0 1 2 -11 0.2 <0 1 0 -10 0.3 >0 0.5 -2 -10 10
0.2 <0 2 -2 -13 0.1 >0 1 2 -10 0.3 <0 1 3 -14 0.3 >0 0.5 -2 -10 11
0.1 >0 1 3 -10 0.2 >0 1 -3 -12 04 <0 2 3 -14 0.3 >0 0.5 0 -10 12
0.2 <0 1 -2 -13 04 <0 0.5 3 -12 0.1 >0 1 -2 -11 0.4 >0 1 0 -10 13
0.1 >0 0.5 -3 -13 0.3 <0 1 1 -14 0.2 >0 0.5 -1 -11 0.4 >0 0.5 -3 -10 14
0.4 <0 1 3 -13 0.2 >0 05 -1 -11 0.3 >0 1 -3 -12 0.4 >0 0.5 -1 -10 15
0.3 >0 0.5 -3 -14 0.1 >0 1 -3 -12 04 >0 1 -1 -14 0.4 >0 1 2 -10 16
0.1 <0 1 -2 -14 0.1 <0 1 -1 -12 0.1 <0 0.5 2 -11 0.1 <0 0.5 3 -10 17
0.2 >0 1 -2 -14 0.2 <0 2 2 -14 0.2 <0 1 -3 -12 0.1 <0 0.5 -3 -10 18
0.3 <0 1 -3 -13 0.3 >0 0.5 1 -12 0.3 <0 1 -1 -12 0.1 <0 1 2 -10 19
04 >0 0.5 2 -14 04 >0 0.5 3 -10 04 <0 1 -11 0.1 <0 0.5 2 -10 20
0.3 <0 0.5 -1 -11 0.2 <0 1 -3 -14 0.1 >0 2 2 -12 0.2 <0 0.5 -2 -10 21
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