[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1395.16.8.24.1 ]

354-343 o0 8 o lesb 16 0,93 1395 YLT (yu)de Siilfo wliye dlxo

a9 poke dslislo

—ai

. ) z

I S0 (Swiigo = 3
Yany
mme.modares.ac.ir WO 2l

d&')jcﬁé.‘?QQQ&W)QQTQ)VPJWléJsﬁeﬁ&g}! Iy
el asea 1 gacallls |5

o oo g9 y3 01Kl (SlSlo L wiige eyl wlid IS g gomatils -1
o i g8 oSy (Sl wdige wliwl -2
niazmand@um.ac.ir 9177948944 ., gio wguie *

S Alis SleYb!
3 o329 b Jolss cpl il (558 93 slapbyn 3 63,08 Glegudga I 59,8 il b ) g (clals )5 (glaylislo oo Jolize <l il ol otimg3y e
ol S5l 5 & ol o1 atnlie ied Ligds ol hise 13 (slodas lyssis g bl ol LS b olyan 45 o 1332;;’*’«‘“-%‘22 by
@l Jlml lis el 55 358 0 )13 b o sl Mo LB jsbay 55 )15 o (S035 53 b g tud & Sloj (o 13 0hab 1395 505 ;bl)awb:)::\j
S gl =gl Vsbao (o ol o3l b b o515 9 2 gl 0 0Sng i o b el 3 (oS 2 598 0)ha8 S Iy o5l 45
Al dnogd By bawg 8 b 4 4 Slubre 05 L 00T s LS p Copw g 20sRES100 dgie o (65, 0ylad = S5 Jolas
2 e o (Saled g dwlio SV p okl 555 (3de slaodh b s whlubxe coro | luebl jgaieds .ol ol dalllae 246815 b
S @35 e 3 Gy O )l JE £ S i o)lB b el 3 Sy 93 G35 e Sl g 0355 osalie @b S ey
wbgrye bS5 (owyp BOSyg b Jolii pie g Jolbd Cllo 9 ) Oglista joome dw Joo iz i3 b o)k aw 3 &yl sl Wi‘j

).

JEsl 25 g dpeain BB I3l 2205 jolie b oylad s o oS dad o i bt w0 &) oyl D] o o s
Ul 52 3 ey BB lplo)lad o (IBETL dal )l (b2 Ghe 53 Lo SS9 g pas g g Sl 93 53 0)kad >
sl oka] s Fglite polie da WSSy (50,5 Caa 4 dog b a5 ord salie <yl

Analyzing the Effect of Particle Rotation on its Heat Transfer Rate while
Interacting with a pair of VVortices
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The interaction between vortical structures and spherical particles or droplets is of practical issue in
Received 25 April 2016 two-phase flows. The interactions bring major changes in the flow field particularly when coupled with
Accepted 31 July 2016 particle rotation. It is observed that the heat transfer rate is significantly influenced during the time that

Available Online 11 September 2016 the vortices’ cores are in the vicinity of the particle. In this paper, transient heat transfer of a rotating

spherical particle interacting with a pair of vortices in incompressible and viscous flow is studied using

{(,iyn"gg_rgi;plet Interaction numerical solution of the Navier-Stokes and energy equations in the range of 20<Re<100 and non-
Incompressible Flow dimensional rotational velocities 0<Q<1; by computational code which has been developed by the
Heat Transfer Coefficient authors. In order to ensure the accuracy of the calculation, the results are compared with numerical data
\E;gixpelit reported in the literature and good agreement between results was observed. Then the effect of

circulation direction of two vortices interacting with a particle by spin on its heat transfer rate was
investigated. Also, distribution of heat transfer coefficient at the particle surface with separate rotation
around three different axes in two cases of interacting and non-interacting with vortices is given and the
results of heat transfer coefficient are presented. The results show that particle rotation for 2<0.5, in
both presence and absence of vortices in flow field has negligible effects on the particle heat transfer
rate; however, with increasing particle spin significant effects on heat transfer coefficient has been
observed that, due to the circulation direction of vortices, different amounts are obtained.
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Fig. 3 Time variation of the heat transfer coefficient interacting with a
vortex in comparison with results from other researchers at Reynolds
20 and 100
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Table 1 Effect of the number of grid nodes on Nusselt number for flow
over a solid sphere at Re=100, interacting with a pair of vortices of
Vimax=0.4, 6=1 and ¢=+1.5
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Fig. 4 (a) Streamlines for the interaction of a pair of vortices with a non-rotating sphere at Re=100, Vmx=0.3, e=+1.5 and ¢=1 in the (x-y) plane;
(b)Streamlines, and (c) z-component vorticity contours for the same flow conditions but rotating particle with €,=0.25
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Fig. 7 Time variation of the heat transfer coefficient of sphere interac-
tingwith a pair of vortices with positive circulation at Re=100 for
different rotational velocities (£2,)
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Fig. 5 Streamlines: (a) no spin and rotation, (b) with spin £,=0.5
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Fig. 6 Time variation of the heat transfer coefficient of sphere interac-
tingwith a pair of vortices with negative circulation at Re=100 for
different rotational velocities (£2;)
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Table 2 Effect of particle angular velocity (£, and two vortices
circulation direction on Nusselt number with Vu=0.3, =1 and &=+1.5
at Re=100

'\:t" <0 >0 <0 >0 Q,
vorex >0 <0 <0 1,50
7.749 8.047 7.341 7.691 7.691 0
7.732 8.030 7.331 7.690 7.679 0.25
7.695 7.997 7.309 7.688 7.648 05
7.744 8.041 7.385 7.792 7.656 1
8.379 8.691 8.059 8.418 8.358 2
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Fig. 8 Time variation of the heat transfer coefficient of sphere
interac-tingwith a pair of vortices with top-negative and bottom-
positive at Re=100 for different rotational velocities (€2,)
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Fig. 9 Time variation of the heat transfer coefficient of sphere interac-
tingwith a pair of vortices with top-positive and bottom-negative at
Re=100 for different rotational velocities (£2;)
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Fig. 10 Compare the values of heat transfer coefficient of the numerical
solution with values of the fitted relationship 13(a-c)
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Table 4 Comparison of Nusselt number for three rotation axes of
sphere interacting with two vortices with Vm,=0.3, 6=1 and ¢=%1.5 at
Re=100

V(;\:t%x 11<0 11>0 11<0 11>0
1,>0 1,<0 1,<0 1,>0
7.749 8.047 7.341 7.691 7.691 Q=0
7.732 8.030 7.331 7.690 7.679 Q,=0.25
7.752 8.051 7.343 7.693 7.693 02,=0.25
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Table 3 Effect of particle angular velocity (€) and two vortices
circulation direction on Nusselt number with Viu=0.3, =1 and e=+1.5
at Re=100

V(!\rlt(;x 1<0 >0 1<0 >0 o,
15>0 1,<0 1,<0 1,>0

7.749 8.047 7.341 7.691 7.691 0

7.752 8.051 7.343 7.693 7.693 0.25

7.768 8.069 7.356 7.703 7.703 05

7.876 8.172 7.478 7.791 7.791 1

8.461 8.707 8.161 8.348 8.348 2
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Fig. 11(a) Comparison of isotherms with AT=0.05 for 0.05<T<0.95 for flow over a sphere with different rotation directions interacting with two
vortices at Re=100, é=+1.5, Vmx=0.3, 0=1 and z=10; (b) Local Nusselt number distributions for same conditions and no vortex interaction; (c) with

vortex interaction
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