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Numerical study of convective heat transfer of nanofluid flow over an angular
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Fluid flow over a cylinder is appeared in differenet engineering fields. In this article, laminar, two-
Received 06 February 2018 dimensional, incompressible and viscous CuO-water nanofluid flow around a circular cylinder with
':ccell"]id ]cf T’,’“mlhlzﬁlsv o angular oscillation 1in unsteady regime at Reynolds numbers of 100,150 and 200 in amplitudes of
S i 6, =m/4,m/2 and different oscillation frequency ratios of F=0.5,1,2 and volume fractions of
Y nanoparticles in the range of 0 < ¢ < 0.03 is simulated numerically. Governing equations include
Nanofluid continuity, momentum and energy equations have been solved numerically for a combined grid via
Angular Oscillating Cylinder finite volume method. Effective thermal conductivity and dynamic viscosity of nanofluid were

Heat Transfer Enhancement

estimated by Corcione empirical model. The effects of volume fraction of nanoparticles and oscillation
Average Heat Transfer Coefficient

parameters on the average heat transfer coefficient were investigated and concluded that at vortex Lock-
on region, the amount of heat transfer coefficient increased significantly. The main target of this article
is to determine the preference of two mechanisms of heat transfer enhancement include adding
nanoparticles to the base fluid and applying oscillation to the cylinder surface. Evaluation of this two
mechanisms indicates that using nanofluid in compared with applying rotational oscillation to the
cylinder, leads to more heat transfer enhancement rate. Results show that heat transfer coefficient
enhancement due to rotational oscillation of the cylinder at 8, = /4 and F=1 compared with the
stationary cylinder in water flow is between 4.25 and 15.83%. Moreover, the amount of heat transfer

enhancement of nanofluid at ¢ = 0.03 compared with the base fluid in stationary cylinder is between
20.49 and 31.26%.
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Table 2 Grid independence test at Re = 100, Pr = 4.63 for unsteady
water flow over a cylinder
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Table 3 Time step size independence test for water flow over a cylinder
with angular oscillation at Re = 200, Pr = 4.63, 8, = n/8 and /=1
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Table 4 Validation of Nusselt number for air flow around a cylinder
with angular oscillation at Pr = 0.7
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Fig. 4 Vorticity field around the cylinder with angular oscillation at Re = 100, 6, = /4, ¢ = 0.03 at the four same time of one complete cycle of

oscillation, left column at F=0.5 and right column at F=1
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Fig. 6 Temperature field around the cylinder with angular oscillation at

Re = 200, 0, =n/2, F=1and ¢ = 0.03 at the same time of three
consecutive cycles
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Fig. 5§ Temperature field around the cylinder with angular oscillation

at Re = 200, 8, = /2, F=0.5and ¢ = 0.03 at the same time of
three consecutive cycles

0y =1/2 Re =200 5> Slagly slos b allgzal SLLI o Ls laes JSb

o ey 0,90 a3l LSy Slej ;0 @ = 0.03 5 F=05 ¢
st ol wlgnal a5l leagla F g, 75 ((F 2 1) plag aws e

JSE" owalie b wogSige Sl il 25 I3l & e 395 o5 Sl
ol azls AL coll aomor 8 S 3 a8 i) lgF o0 "10

08 O)Lm.u 18 ©)9> 51397 UL‘T ;L),u).).o \J—.‘".'\':A\ UJ»..LRL,C


http://www.SId.ir

Dl (G40 Jaxs 9 (50 duduiiy eltagh) glngs L pgde dilgiunl 59, ) Juwgili gl il pls JUSH 5 33c dallbs

Temperature (K) [ NRS

Water 300.268 300699 313 Nanoﬂuid

aAt=ty at=t, .

b)t = t, + 0.25T b)t =ty + 0.25T

' g
Q"O'C's's' Q‘""'O .

C)t=ty+ 05T Ot =ty+0.5T
d)t =ty + 0.75T d)t =ty+ 0.75T

Fig. 7 Temperature field around the cylinder with angular oscillation at four same time of one complete cycle of oscillation at Re = 200, 8, =
/2, F=1, left column belongs to water flow and the right column belongs to nanofluid flow at ¢ = 0.03
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Fig. 8 Vanation of average heat transfer coefficient versus
Reynolds number at 8, = m/4 and F=1
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Fig. 13 Variation of average heat transfer coefficient versus
Reynolds number and comparison of the effects of heat transfer

enhancement methods at 8, = m/4, F=0.5 and ¢ = 0.02
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Fig. 14 Variation of average heat transfer coefficient versus
Reynolds number and comparison of the effects of heat transfer
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