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Abstract-- This study numerically investigated laminar mixed
convection heat transfer of a non-Newtonian nanofluid flow
in helical coil heat exchangers. The volumetric concentration
of nanoparticles ranged from 0% to 2%, and the power-law
indices considered for the non-Newtonian fluid were 0.81,
0.85, and 0.91. The momentum and energy equations were
solved using the finite volume method and the SIMPLE
algorithm. The effects of the power-law index, Richardson
number, coil pitch, and nanoparticle volumetric
concentration on the Nusselt number were examined. The
results indicated that the heat transfer coefficient increased
with a rise in the volumetric concentration of nanoparticles
from 0% to 2%. Furthermore, the Nusselt number increased
with a decrease in the power-law index. The heat transfer
coefficient was also enhanced by increasing the coil pitch and
the nanoparticle concentration. Specifically, the Nusselt
number increased by 7% when the coil pitch was varied from
0.05 to 0.1. Buoyancy forces significantly affected the
patterns of temperature distribution and flow velocity within
the helical coils. The temperature distribution became more
uniform with increasing buoyancy forces.
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1- Introduction

Heat exchanger is one of the most equipment for heat
transfer in various industrials. Using vertical helical coil is
one of the method for increasing heat transfer. In vertical
helical coil, the radial component of the velocity is created
by the centrifugal force, and the fluid flow in the outer part
of the tube moves faster than the inner part, and this speed
difference creates a secondary flow [1]. By using helical
tubes instead of straight tubes, curved flow lines are
replaced by straight flow lines and increased the heat
transfer. This study investigated mixed convection heat
transfer laminar flow Non Newtonian in heat exchangers
helical coils with Nanofluids[2]. Volumetric concentration
of nanoparticles are with 0 to 2% and power law indexes
are 0.81, 0.85 and 0.91 in this Non-Newtonian flow.

2-Geometry and equations

In this research, studied heat transfer on three dimension
channel with vertical helical coil. Inner Diameter of coil is
2r, pitch coil is H and ratio of diameter tube to diameter
coil is d. Figure 1 showed geometry of vertical helical coil.
Table 1 showed geometric specifications of vertical helical
coil in heat exchanger. Table 2 showed rheological
properties water- CMC with various mass percentage.
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Fig. 1. Vertical helical coil in heat exchanger

Table 1. Geometric specifications of vertical helical coil

helical 2r 2Rc H
coil 5 L (mm) (mm) | (mm) N (mm)
Coil 1 0.1 | 2830.56 20 200 | 45 30
Coil2 | 0.08 | 3536.86 20 250 | 45 30
Coil 3 | 0.066 | 4243.29 20 300 | 45 30
Coil4 | 0.05 | 5656.47 20 400 | 45 30
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Table 2. Rheological properties [3]

Water Water- Water- Water-
Rheology | ;e cMC | comc CMC
Property | g 305 ©02%) | (01%) | (0%)
n 0.81 0.85 0.01 1
K’ | 0003136 | 0.01754 | 0.006319 | 0.000855

Nano fluid is single phase. Nano particles have same
geometry and dimension and they are in equilibrium
thermodynamic. Continuity, momentum and energy
equations follow[4]:
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Dimensionless numbers of Din, Prandtl and Reynolds for
Non-Newtonian fluids are given in below equations:
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Effective densityp,s, effective dynamic viscosity py,

thermal capacity (pcp)ys and effective  thermal
conductivity k¢ are follow :
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For simulations, used k-¢ Realizable turbulence model.
Also, used Simple algorithm for solving Continuity,
momentum and energy equations together. Figure 2
showed mesh of vertical helical coil.
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Fig. 2. Mesh of vertical helical coil

For validation, results compared with others on
temperature distribution for mix convection Newtonian
fluid with buoyancy forces in figure 3.

(b)

Fig. 3. Temperature distribution (a) present work (b) others
[5] in Newtonian fluids with (Pr=1, Gr=0, Ri=0)

3-Results

In this research, have been investigated mixed convection heat
transfer laminar flow Non Newtonian in heat exchangers helical
coils with Nanofluids. Results showed that the heat transfer
coefficient was increased by increasing volumetric concentration
of nanoparticles from 0 to 2%. Figure 4 showed effect of adding
nano particles of aluminum dioxide to Nusselt number in Non-
Newtonian nanofluid. With increasing percentage of nano
particle in base flow, conductive coefficient and heat
transfer coefficient are increased. For example, for Ri=4
and $=2%, Nusselt number increased up to 9%.
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Fig. 4. Nusselt number for various nano particles

With increasing pitch led to increase in the angle of
between tubes and Centrifugal force in central of fluid.
Centrifugal force is more than buoyancy forces in smaller
Richardson number. But with increasing Richardson
number, effect of pitch coil increased on heat transfer.
Reducing power law index led to increase heat transfer
coefficient in the presence of buoyancy forces. In constant
Reynolds number, increasing Richardson number led to
increase Grashof and buoyancy forces. With increasing
Richardson number, role of Grashof number is more than
forced convection heat transfer. In this case, viscosity is
reduced and molecular collision and Nusselt number are
increased. Figure 5 showed Nusselt number and
Richardson number. Heat transfer in vertical helical coil is
increased with increasing Prandtl and Richardson number.
Also, in smaller Prandtl numbers, the role of apparent
viscosity is greater against thermal diffusion coefficient.
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Fig. 5. Nusselt number for various Richardson number

5-Conclusion

This research investigated a mixed convection heat
transfer based on Non-Newtonian with Nano fluids in
three dimension for helical coils. Increasing volumetric
fraction of Nanoparticles led to increase heat transfer and

Nusselt number and friction coefficient. Heat transfer is
increased with increasing Reynolds number. The intensity
and pattern of secondary currents are affected by buoyancy
and centrifugal forces, then, the heat transfer rate is
increased in helical coils compared to straight coils. By
increasing Richardson number, average Nusselt number
and friction coefficient reduced.

With the increasing of buoyancy forces and Prandtl
number in mix convection, the heat transfer coefficient
increased noticeably, because solid particles can be play a
more effective role in heat transfer in mix convection. At
the same Reynolds number and Richardson number,
decreasing the power index increases the heat transfer.
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