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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, ferrofluid flow in a closed cooling loop without any mechanical pump has been simulated.
Received 16 August 2017 The flow of the ferrofluid in the closed loop is resulted from applying a non-uniform magnetic field and
Accepted 16 October 2017 the thermo-magnetic effect of the ferrofluids. The ferrofluid consist water and different volume

Available Online 10 November 2017 . . . . . .
val ! v fractions of iron oxide nanoparticles. The two phase mixture model and the control volume technique

have been used in the present study. The applied non-uniform magnetic field is resulted from an

Keywords: . . . . N .

Nanofluid, Flow electromagnetic solenoid and the steady and also the transient modeling of the flow in the cooling loop

Magnetic Field from start point (stagnant ferrofluid in loop) have been carried out. The obtained results show that by

Thermomagnetic Effect applying magnetic field and also by taking advantage of temperature dependent property of the

Cooling Loop magnetic susceptibility, a flow of ferrofluid is created in the loop and by increasing the heat input
(heater power) in the loop, the flow rate in the loop is increased. Moreover, the results show that by
having a cold source (for rejection of produced heat) with higher constant temperature, the flow rate in
the loop increases. Furthermore, the flow rate in the cooling loop is increased as the volume fraction of
the nanoparticles in the base fluid increases. In the present study, our goal is to induce flow inside the
cooling loop by magnetic field although this is possible using a mechanical pump using much lower
power.
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Table 2 Grid independency test for the flow rate created in the cooling
loop (in terms of ml/s) for three different heat inputs and for the cooling
source with constant temperature of 300K

v (mlfs) ab, IS glagie shaws (W) 56,5 olss
0.0161248 160000 2.5W
0.0163341 240000 2.5W
0.0163621 320000 2.5W
0.0198158 160000 3.75W
0.0199017 240000 3.75W
0.0199084 320000 3.75W
0.0221456 160000 5W
0.0228873 240000 5W
0.0229123 320000 5W
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Fig. 4 The results of current numerical method in comparison with the
results of Bahiraei et al

e 5 Gl @i b ol govs (o) 5l ol gl amlie 4 JSB

0.005

70
60 | .f: &
50 . o
o P 60.exp(91.5@+0.01) ; . * . 60.exp(-91.5(z-0.01))
= S o 5y
Q30 { S .« 3
" . go
. <
20 : . . .
& . . S
L % . %
10 F o : . 3
/ F .,
S
0 o ngeseee®® ""'"' . *®eeeneg, o
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
z(m)

1 2 3 4 5
a(W)

Fig. 7 Values of the obtained flow rates in the cooling loop for different
heat inputs
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Table 3 time step size independency test for the flow rate created in the
cooling loop (in terms of ml/s) for three different heat inputs and for the
cooling source with constant temperature of 300K

v (ml/s) () Sbes p5 (W) 58058 ol
0.01300516 0.04 2.5W
0.01307120 0.02 2.5W
0.01308564 0.005 2.5W
0.0150145 0.04 3.75W
0.0151252 0.02 3.75W
0.0151425 0.005 3.75W
0.0200256 0.04 5W
0.0207779 0.02 5W
0.0207959 0.005 5W
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Fig. 10 variations of the flow rate created in the cooling loop with
time for three different heat inputs
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Fig. 8 The effects of the temperature of the cold source on the flow rate
created in the cooling loop

G S 55 0aal 09251 (23 595 2 S0 e sloo I 318 S
lr 1) SIS S S5 s smal sprpn g M9 5"
5 15% 1% Lol ol ydgl o o iliske glooo s b sla Jluss b
osslice 4 jsblesd apd o plis 56,8 Gl slagls 0 2%
JB1s 5 osel sgzgay (00 D)9l ez S 8L (I L 05 o0
bl SlSpl5 e S T3 iy iy (5SS S
S Bl Gl Jlasd Sk meblite 5SS S S5
& mabliio g Jlosl S ol urbliin 53 Sl & e
Dydiss SIS S 10 09250 Jlowg B

oles 5ol ool aislo gy dlue 51,05 gilwans 4 alie dslsl [
P55 S oty 65 S 515 3 Jlogyp ctalla (]
e glod iy IS 515 50 Jlomsg b addsl glos 5 Canl oy a8 S
Slul (20 (Sloj pl5 51 Pl (o) 2 S Sansl 0l a3 S s 13 95
Sl Pl a sl 063 e Glagly jo S S 0 0ad
ovaliv oo 3 Jyazr ;o a5 jsbles el 43S 15 (o) 390 alie
Sl a5 e co plis Hlais jee CueS (Sl snel Canoas bl el o
5 ams e @l Slools bl oy Jod LB cds 0.025 s o5
s aalgss Slls By iz b Sloj gla pl8 (30,5 iSasS

0.025
0023 | 42% A
0.021 } ®1.50% .
1% A
0.019 |
L] ]
— 0.017
2 A
T [ ]
£ o5 | °
b=
0.013 | ™
0.011 4
: ]
0.009 L]
0.007 |
0.005
0 1 2 3 4 5 6
q(W)

Fig. 9 Effects of different volume fraction of the nanoparticles on the
flow rate created in the cooling loop for different values of heat inputs
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Fig. 11 The contour of the ferrofluid temperature over the longitudinal
plane of y=0 and for the heat input of q=3.75W at: a) t=0.6s, b) t=1.2s,
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