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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the heat transfer of viscoelastic fluid flow has been numerically simulated inside a
Received 04 February 2017 symmetric planar channel with 1:3 abrupt expansions. For modeling the rheological and nonlinear
Accepted 09 May 2017 behavior of inertial flow related to the viscoelastic fluid, exponential form of the Phan Thien-Tanner

Available Online 03 June 2017 (EPTT) model has been used. The thermal boundary condition of constant temperature has been

considered at the inlet and on the walls of channel. Also, velocity is uniform and constant at the inlet of

Keywords: 3 X . L

Vizcoemmc Fluid channel and its value is determined by the Reynolds number of flow. Due to the significant effect of
Inertial Force temperature on the viscoelastic fluid properties, viscosity, relaxation time, specific heat capacity and
Nusselt Number thermal conductivity have been taken as a function of temperature and dissipation term has been

Recirculation Regions

Asymmetric Flow employed in the energy equation. For coupling the governing equations, the PISO algorithm is utilized

and finite volume method (FVVM) is employed for discretizing these equations. In this study, the effect
of inertial force is investigated on the velocity distribution, temperature distribution and variation of
local and average Nusselt numbers in the expanded part of channel. Despite the symmetry in the planar
channel, increasing the Reynolds number forms the symmetric and asymmetric flows inside the
expanded part of channel. For asymmetric flows, increase of Reynolds number from 40 to 100 (growth
of 2.5 times the Reynolds number) resulted in a 1.7-fold increase for the maximum values of local
Nusselt numbers in the vicinity of the upper and lower walls of the channel expanded part.
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® Carreau-Yasuda model

® Herschel-Bulkley model

” Bingham model

® Linear Phan Thien—Tanner (LPTT) model
° power-law model

1% Generalized Newtonian fluid

™! Secondary flow
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! Simplified Phan Thien-Tannar (SPTT) model
2 Deborah number

3 Graetz problem

* Casson model
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Table 1 Constant values used in the dimensionless numbers and the
formulas (8) and (9) [27,9]
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kis G iy a®)  pCE)  Tom(Pas)
0.00118 0.7753 1720 1226 4.07
I :
Cis () Cho (O h(m) T, (0)
-0.00112 1.2122 190 0.1 290

% Conjugated gradient (CG)

® Algebraic multigrid (AMG) preconditioner
* Bi-conjugate gradient stabilized (BiCGstab)
® Cholesky preconditioner
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Fig. 6 Comparison of the velocity distribution in the current study with
the analytical research of Oliveira and Pinho [33] for viscoelastic fluid
flow inside a planar streight channel
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Fig. 11 Temperature distribution of viscoelastic fluid flow in different
cross sections of an abrupt expanded channel for various Reynolds
numbers
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Fig. 13 Distribution of local Nusselt numbers for lower and upper walls
of the channel expanded part in different Reynolds numbers
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Fig. 12 Temperature distribution of viscoelastic fluid flow on the
centerline and in adjacent to the walls of the expanded part of channel
for various Reynolds numbers
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