148-139 yo o 6 o loads 17 0,93 1396 g paed () J0 Sl (wIiuo Alxo

9 pole dolinle =
= . =

1 . = =

0 S0 (wigo = 5
SLIN\E
mme.modares.ac.ir ;',-.:-;_";a!f//f:

JUE™ 10 iV Igfu g Jlw Ob 2 D5l JEHI (89 (g 2! 59585 D51 (w2
Qe Sl Ll b 1519 Slaxio

4 . . %3, . 2 . . 1 . . PO
$I90P v gl yeold (punssans Souljpun (pua S5 yagld Sligd (el

iz el 0l (Sl puwdino <618 (goomiily ~1

Ly iz 0D (SO pwtige bl =2

29,05 9,8l s oSl (Sl e yluiily -3

29,0ls 09,0l o oSl «SolSe wline oyluiils —4
mmshahmardan@shahroodut.ac.ir 3619995161 s 3giu0 wgmls #

LXWTS Al Sl
od (Silwdend (o33 g 4 113 SLSL blusl b )lize (glaoio U 51 Swo¥loSans Jhow bz <ol Jsl dlie o) ) JolS iy Al
TR B RN . o cds. . e . 1395 (yoq: 16 :cél,

ol 045 02latsl 35 —yF B Joo Slod py8 Jl Sty Sl il gl (g 9 (S35, S8, (il e (sl 1396 < R

) o ] Cadgsdyl 19 ob ey
Cusl ol g CE9Sy JBI (939)9 )3 Sy imes a4 485 L5 3 <l bod (JUI (slajlens (595 9 3959 22 il e by 1396 31,5 13 el > 4
oj e SmaVlsSany Jlo pols 2 lod Ao B b & 225 b 2gbe e ol sy e 4 ey b ol e ol 15
Llod (500 dbles > lals dos g o 48,5 Jlai )3 od I wlgd Sygo 4 ()l Colid Loy g oig (oloyS cud b (i 5 (Sogul StV Jlo
356 adllae )3 sl o o3litul Sgdoe o gy 5l (silodtansS gy 5 9w wiayeST WSl EYolee lojen b gl el 05 il o
e il Sgd e gy p JUB (blasdl (5w 33 e 5 (e cldulsliel Wi 5 bod @g g @is ) ol So ‘ ‘C“l“’b T\f
20 il g JUS (blusl pise Bl 0yl 5 oplite slaghyp S8 comw hioxiio JUB (292 o)l 3929 b 540 - < T:f f’:y
3 b ol sliel i polis oyl 1.7 ial3al G (3Usiny 3 sl 2.5 055) 100 b 40 1 o )liel slabys cslp j9s, O O

Sy JU (blasl (15w Vb g inl bl ©y5lne

Investigation of inertial force effects on the heat transfer of viscoelastic fluid
flow inside expanded planar channel with the symmetric abrupt expansion
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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
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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]

1 . k
kis G iy a®)  pCE)  Tom(Pas)
0.00118 0.7753 1720 1226 4.07
I :
Chs Q) 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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channel with symmetric abrupt expansion for various Reynolds
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NT Y min N2 Myl X min Nx2 Nxl &l

8040 0.0167 18 6 0.0100 400 140 M

21440 0.0010 30 10 0.0062 640 224 M2
54880 0.0063 48 16 0.0039 1024 358 M3
142662  0.0039 78 26 0.0025 1638 573 M4
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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. 7 Comparison of the temperature distribution in the current study
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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. 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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