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ABSTRACT: In this paper, the effect of configurations of rotating cylinders in a vented cavity with inlet
and outlet port on the flow field and heat transfer enhancement of forced convection of AI203/Cu-water
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hybrid nanofluid flow in the laminar regime is numerically investigated. In this study, the influence of = Revised: Jun. 23, 2021

parameters as configurations of cylinders (A, B, C, and D), as well as the rotational velocity of cylinders
(from -10 to +10), Reynolds number (from 100 to 500), and the volume fraction of nanoparticles (from
0.5% to 3%) on the flow field and heat transfer are studied. Results indicate that the average Nusselt
number and the Performance Evaluation Index for configuration D are higher than other configurations.
Also, it is obvious that by increasing the rotational velocity of cylinders, Reynolds number, and the
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volume fraction of nanoparticles, the Performance Evaluation Index increases. Also, by rotating the

cylinders in the counterclockwise rotation direction with respect to the clockwise rotation direction,
the 1 increases about 1.30. The results show that AI203/Cu-water hybrid nanofluid causes heat transfer
enhancement compared to the Cu-water nanofluid and it increases the Performance Evaluation Index

compared to the A1203-water nanofluid.
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1- Introduction

Fluid flow and heat transfer in the vented cavity are
implemented in a wide range of technological applications
in various fields. Costa and Raimundo [1] numerically
investigated the effect of rotating cylinders on the mixed
convection heat transfer in a cavity. They revealed that
increasing the rotational velocity of the cylinder increases
the heat transfer rate. On the other hand, hybrid nanofluids
are an efficient way to improve heat transfer and thermal
performance. Even though numerous studies have been
performed on proposing and investigating the cavities
with inlet and outlet ports from the position of ports [2],
and the number of ports [3] standpoints, less research has
been dedicated to using simultaneous rotating cylinders
in the cavities with inlet and outlet ports for heat transfer
enhancement. One of particular relevance here is the
work of Selimefendigil and Oztop [5], who conducted a
numerical study on a 2D laminar forced convection heat
transfer of hybrid nanofluid flow in a vented cavity with
rotating cylinders. They investigated the effects of Reynolds
number, nanoparticle volume fraction, rotational velocity,
size, horizontal and vertical locations of cylinders on the
hydrothermal performance. In this regard, the four novel
configurations of rotating cylinders in a vented cavity in the
presence of hybrid nanofluid are proposed and then analyzed
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from a heat transfer enhancement perspective, extending to
helping the design of the thermal proposed systems.

2- Geometry

Fig. 1 represents a schematic view of the computational
domain used for the present study.

The governing equations of the hybrid nanofluid flow,
thermal, and species fields including continuity, momentum
energy equations are as follows:
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Fig. 1. Schematic view of the computational domain.
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The thermo-physical properties of hybrid nanofluid are
expressed as follows [4]:
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This study employs the simpleFoam module in the
OpenFOAM. Divergence, gradient, and laplacian terms in
Egs. (1) to (4) are discretized separately in OpenFOAM by
using proper discretization schemes.
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Fig. 2. Longitudinal evolution of the Nusselt number on
the bottom wall of cavity for different configurations
(phnf=0.01, Re=500, Q=+5)

3- Results and Discussion

To express the effect of the configuration of rotating
cylinders on the flow field and heat transfer enhancement in
a vented cavity, the local Nusselt number for configurations
A, B, C, and D are shown in Fig. 2 at Py =0.01, Re=500,
and Q=+5. It is clear that changing the configuration cause
considerable heat transfer enhancement. Also, it 1S obvious
that the peak value of the Nusselt number for configuration C is
higher than others. Moreover, the ratio of the average Nusselt
number on the bottom wall of the cavity and performance
evaluation criteria for different configurations of rotating
cylinders are tabulated in Table 1. According to this table, the
results indicated that in presence of rotating cylinders, the n
is higher than 1 for all cases, and it is clear that the presence
of rotating cylinders is effective on the thermal efficiency of
the cavity. It is clear that the average Nusselt number and the
Performance Evaluation Index for configuration D are higher
than other configurations.

Impacts of rotational velocity on the average Nusselt
number and # of configuration D at @, =0.03 and Re=250
are also shown in Fig. 3. It can be argued that the behavior
of Nu_/Nu_, and 5 are nearly the same at different rotational
velocities. In addition, the minimum of both parameters occurs
in the stationary cylinders cases. It is found that the rotation of
the cylinders (clockwise (CW) and counterclockwise (CCW)
direction) acts in a way to enhance the average Nusselt
number and 5. The results show that the CCW rotation
direction of the cylinders must be more beneficial than the
CW rotation direction.
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Table 1. The ratio of average Nusselt number on the
bottom wall of cavity and performance evaluation cri-
teria for different configurations of rotating cylinders

in the cavity (phnf =0.01, Re=500, Q=+5)

Configuration Nuty/Nimo n
A 1.68 1.62
B 1.46 1.35
C 1.54 1.41
D 2.29 1.83

4- Conclusions

In this study, the effect of configurations of two rotating
cylinders in a vented cavity in the presence of AL,O,/Cu-water
hybrid nanofluid flow in a hydraulically laminar regime
was numerically investigated. The effects of effectiveness
parameters as Reynolds number, rotational velocity,
configuration of rotating cylinder, and volume fraction
of the nanofluid were studied for evaluation of the heat
transfer enhancement. Results indicate that by increasing
the rotational velocity of cylinders, Reynolds number, and
the volume fraction of nanoparticles, the Performance
Evaluation Index increases. Also, by rotating the cylinders
in the counterclockwise rotation direction with respect to the
clockwise rotation direction, the # increases about 1.30.
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1 Cavity with inlet and outlet ports
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Fig. 2. The view of domain grid distribution for configuration C with 56420 cells
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Table 3. Comparison of average Nusselt number of a rotating cylinder for D = 0.2L and ® =+500
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Fig. 7. Longitudinal evolution of the Nusselt number on the bottom wall of cavity for different number
of cylinders (ohnf =0.02, Re=250, Q=+5)
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Table 4. Ratio of average Nusselt number on the bottom wall of cavity and performance evaluation
criteria for different number of cylinders (phnf =0.02, Re=250, Q=+5)

\f- \5f Y=o YO M Conbgn ;5 il )
VYA \ YA Y=o VA Condso 1 dilginsl )
1Y VA ailgl ¥

250

200

—
-~

150

Nu

100

50

— . cylinders

= = = = 3cylinders

== 4 cylinders

(phnf =./.¥, Re=\+., Q=18) alidoxo 19,5 dilgiw! £ JIY duaai (gl alrdomo ol 0,l590 (69, Sl dae 2557 A JSUS

Fig. 8. Longitudinal evolution of the Nusselt number on the bottom wall of cavity for 2 to 4 number of
cylinders (¢hnf =0.03, Re=100, Q=+5)

i 505 g ) e 8y )58 5y sloty gt Al
ol il el o gen Sl gley Wlin 5 e e 4 4l
Juid cél g ol JUml all glojen (2Ll jolate 42 23,5 o0 )Li3
G0 Jgix )3 3 M) 2,8es b)) pasld daailgiul jgis I 50
OB ladilgiwl slass il 381 b el asuie a5 4 los (Cul 00

Wb o ials 5 Sles ol (adlis clgiol Hloa b dw 4y dilgiwl ¢

Yov

2595 lgiwl Hloaa b algiul 95 i alaases yg)0 slaalgiul sl i158l
Ny e (eiorad 5 0355 xS (slelinMo LB o & il 06
a5 55 s sslaie & ipen ol 4Bl Sy I3
M o s bawsgie ol dae s Iyl > JES1 ol 380 5 bl gl
a8 4368 lod ol 0nds 1)1 0 Jgd p> abadse 950 (B > (sbaaslgil

dae o) > sladilgiwl Sl ]38l L g o odmlie Jodo cpl gl



abdseo 9943 dilgiwl £ (JIY dlaxi gl 3, Sdes o5yl (adla g aadsws b 0,190 (59 rmwgio Clwli due Connd .0 Jgia
(phnf =./.¥, Re=\++, Q=+4)

Table 5. Ratio of average Nusselt number on the bottom wall of cavity and performance evaluation
criteria for 2 to 4 number of cylinders (phnf =0.03, Re=100, Q=+5)
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Fig. 11. Longitudinal evolution of the Nusselt number on the bottom wall of cavity for different
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Table 6. Ratio of average Nusselt number on the bottom wall of cavity and performance evaluation criteria
for different configurations of rotating cylinders in cavity (phnf =0.01, Re=500, Q=+5)
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Fig. 13. Ratio of average Nusselt number on the bottom wall of cavity for configuration D based on the
nanoparticles volume fraction for varios Reynolds number (2=+10), (a) Re=100, (b) Re=250, (¢) Re=500
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