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Numerical analysis of mix convection
non-Newtonian Nano fluid in a channel
with block

Kourosh Javaherdeh! Habib Karimi?

1- Introduction

Mixed convection is one of the process of the heat
transfer that used in the most applications such as
HVAC systems, heat exchangers and refrigerant
industrials for Newtonian and Non-Newtonian
fluids. Nano fluids is used to increase heat transfer.
In this research, studied a mixed convection heat
transfer based on Non-Newtonian Nano fluids in
rectangular channel with blocks. These blocks
have same geometry with various height. Sodium
Alginate is as Non-Newtonian fluid and used
Aluminum dioxide as Nano particles. Some
parameters are as variable parameter such as effect
of the number and height of the blocks, Reynolds
number, Richardson number, volumetric fraction
of Nano particles, Nusselt number and friction
coefficient.. It’s used SIMPLE algorithm to solve
the governing equations including Continuity,
momentum and energy. Temperature of the inlet
fluid is constant and it’s less than wall
temperatures. Also, wall temperature have in
Isothermal and difference temperature is 50 C
between wall and inlet temperatures. .

2-Geometry and governing equations
Height of the channel is H, length of the channel
is L, length and height of the blocks are H/2 and
H/3 respectively. Figure 1 shows geometry of
channel with blocks.
s,

»:
Lad]
'

A

1=20H

NHAT

< 14H. >

Fig. 1. Channel with three blocks

To simplify the governing equations, assumed
that fluid is incompressible, laminar, single phase
Wall of temperature is more than fluid temperature
and Continuity, momentum and energy equations

are as follows:

du N ov 0 1)
ox  dy
ou dou _ 1 dp 9%u | 9%u
S i a0 ML)
v ov __ _ia_p &
”a*’”@‘ Pnf 0y nf (ax2 T ®)
az_v (PBInf
6y2> + Pnf gAT
6T+ aT 02T+62T 4
Yax TVay T Mnf\ ez T 5y2
HUnf
Vpp = —— 5
nf Pnf ( )
knf
QApf = 6
nf (pcp)nf ( )

Effective densityp,s, effective dynamic
viscosityuns, thermal capacity (pcp)ye and
effective thermal conductivity k&, are as follows :

U
Pnt = W (7
Pue = (L= @)pe + @ps ®)
(pcp)nf =(1- 90)(pcp)f + (p(pcp)s (9)

@ _ kg + 2ke — 2 (ke — k)
ke ks 2k + (ke — k)

(10)

Top and bottom plates of the channel are in the
same temperature (T =T,,).

3-Numerical solution method

Number of the mesh is considered 40*800 for
geometry of the channel. Discretization of
equations are used finite element method and it
used Simple algorithm to solve pressure and
velocity equations. Also, it used forwards first
order for discretization of convection and
diffusion.

For validation, results of this research are
compared with Ref.[29] for volumetric friction and
Reynolds number. Figure 2 shows Nusselt number
for this study compared with Ref. [29].

4-Results

This research has been investigated effect of the
length and height blocks, Reynolds number (Re)
and volumetric fraction on mixed convection heat
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transfer. Richardson number (Ri) is between 0.5 <
Ri < 1.5 and Re=1. Figure 3 shows isothermal
lines for Ri=1 in channel with five blocks. By
increasing volumetric fraction of Nano particles,
thermal boundary layer increased.
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Fig. 2. Nusselt number on top wall by Re=100, ¢=10%
compared with [29]

Fig. 3. Isothermal lines in Ri=1 and ¢=1%

Nusselt number on bottom of the wall had a bit
increases with increasing volumetric fraction of
Nano particles. Fig. 4 shows change of friction
coefficient for various volumetric fraction of Nano
particles in Ri=1. As seen, friction coefficient had
a bit increases by increasing volumetric fraction of
Nano particles.
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Fig. 4. Friction coefficient on bottom wall in Ri=1 and

$=1%

Figure 5 shows isothermal lines in Re=50. By
increasing Reynolds number, thermal boundary
layer decreased. As seen, isothermal lines got
closer to each other by increasing Reynolds
number. Itis showed that the temperature gradient
increased near to the blocks. Figure 6 showed
change of the Nusselt number on the bottom walls.

As seen, temperature gradient is increased on near
to blocks that led to increase Nusselt number. By
increasing number of the blocks, space of the locks
are reduced and flow couldn’t move between
blocks very well therefore, average Nusselt
number is reduced almost 3.5%. By increasing
Richardson number, Nusselt number is reduced
and average Nusselt number is increased by
increasing volumetric fraction of Nano particles.
Friction coefficient isn’t remarkable change by
increasing volumetric fraction of Nano particles.
Nusselt number is increased almost 20% by
increasing height of the blocks.
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Fig. 5. Isothermal lines for Re=50
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Fig. 6. Local Nusselt number on bottom wall in Ri=1
5-Conclusion

This research investigated a mixed convection heat
transfer of Non-Newtonian Nano fluids in two
dimension rectangular channel with blocks.
Increasing volumetric fraction of Nanoparticles is
caused increasing heat transfer, Nusselt number
and friction coefficient. Heat transfer is increased
with increasing Reynolds number. By changing
the height blocks from H/2 to H/3, Nusselt number
increased almost 20% with increasing temperature
gradient. Also heat transfer and friction coefficient
increased almost 10% and 13% respectively. By
increasing number of blocks from, space of
between the blocks is reduced therefore, Nusselt
number is decreased. However, by increasing
Richardson number, average Nusselt number and
friction coefficient are reduced.
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