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The Influence of Random Vortices on the Heat Transfer Rate from a Spherical
Particle
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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
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c ¢ 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:

Vortex-Particle 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-
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comparison with results from other researchers at Reynolds 100
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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
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b Jolss o (55,5 053 o JUE > Lamgie e o ol 7 U0
eSS 55 557 3l Blzl 5l (onll &jg0dr (oS5 )9 i S

L . 1 1 1 . 1
745 10 15 20 25 30

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. 10 Variation of Nusselt number of spherical particle interacting
with 4 vortexes of maximum and minimum AR
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with 4, 5 and 6 random vortexes
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Table 1 Obtained samples with using of Excel for 4 vortexes

S559 ez sl ST 5 ool b oads (ol slaaiges 1 Jgur

Vimaa 4l 04 & %o Vmas 3 035 & Xz Vmae ol 02 & X2 Vmaa I 01 &1 X o 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 2
0.3 <0 05 2 -14 0.3 >0 05 -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
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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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