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 In the current research, laminar flow and heat transfer of viscoelastic fluid in an axisymmetric sudden 
expansion with expansion ratio of 1:3 is investigated. Finite volume method and PISO algorithm are 
used for numerical simulation of flow and heat transfer of viscoelastic fluid. Also, to study the effect of 
elasticity property of polymeric fluid flow, nonlinear Phan-Thein-Tanner (PTT) rheological model is 
used. Most of the researches that have been done in this field are focused on investigating 
hydrodynamic parameters of flow, like studies on the effect of Reynolds number and elasticity property 
on vortice length, so due to the scarcity of comprehensive study about the heat transfer of viscoelastic 
fluid flow in sudden expansion, performing the present study seems necessary. Considering some of the 
rheological and thermodynamic properties of viscoelastic fluid as a function of temperature is the other 
innovation of the current study which, due to the sensitivity of some of the viscoelastic properties to 
temperature, considering this hypothesis for solving energy equation is necessary. The results of 
numerical simulation show that the maximum quantity of local Nusselt of sudden expansion for 
downstream wall is approximately where vortices finish and the procedure of velocity variation is 
similar to a smooth pipe. Also, with increasing Reynolds number that led to enhancing length and 
intensity of vortices, the maximum local Nusselt in sudden expansion region moves further toward 
downstream. 
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Fig. 1 Schematic figure of problem geometry  

1  

) 2,1 (  
     .

) 3 (   
   

2-1-2 -   

 )4(   ]24[. 

)4(  = +  

)5(  
 ] 24.[ 

)5(  =  
  )5(    

)6(  ]24[.  

)6(  = + | |  
 -  
 .

  
  .– 

) 7 (  ]24[.  
(7) + + + = 2  

) 7(   
   

.   - 
    )8(   ]25[ .

 - - 
  

    

=

1 +

1 + +
1
2

exp

 

  

  

)8(  
  

2-1-3 -    
 

   
  



    

        

  

42  13951612  

 . )9-17(   

)9(  z =  r =  

)10(  v =  v =  

)11(  =  p =  

)12(  =  =  

)13(  =  =  

)14(  Re =  D =  

)15(  En =
We
Re  We =  

)16(  =
p
 T =  

)17(   Pr =  

)3-1 ( 
 .

 
 )18-21(    

)18(  1
r r

(r v ) +
v
z = 0 

)19(  

v
v
r + v

v
z =

1
Re

p
r + r + z

+ r  

)20(  

v
v
r + v

v
z =

1
Re

p
z +

1
r r

(r )

+ z  

)21(  v
T
r + v

T
z =

1
RePr

1
r r r

T
r +

T
z  

 -  - ) ) 7 ((
)22 (  

)22(  
+ We + D + D

= 2(1 )D  
 )22 (   - - 

 )23 (   
   

  
  

=

1 +
We

1 +
We

+
1
2

We

exp
We

1

 

  

  

)23(    
  

2-2 -   
  2  

 ( ) ( ) 
 = ( ) 2   .

)  )  

 

 .( )30    
( = 30 )  ( )60  ( = 60 ) 

  

  .
 .   

 .  
   

-3  
             1      

       .     
            
            
   .         

                
    .           

   .         
         

              
         .     
              

    ( )     ( )  
 ( )           

 .   
  

  ]  26[) 28-24(
.  

  

  
Fig. 2 Schematic figure of problem geometry 
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Table 1 Characteristics of computational grids cells 
M4 

×  
M3 

×  
M2 

×  
M1 
×   

25×300 20×225 15×150 10×75  

50×600 40×450 30×300 20×150  

25×600 20×450 15×300 10×150  

1. Simple Algorithm   
2. Euler Method  
3. Gauss Linear Method 
4. Gauss Minmod Method 
5. Gauss Linear Corrected Method 
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Fig. 3 Computational grid of problem geometry for four meshes 
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Fig. 4 Comparison of center line velocity in axisymmetric sudden 
expansion whit expansion ratio 1:3 for four meshes M1, M2, M3 and 
M4 for Re= 60 and En= 0.017 
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2    
Table 2 Comparison of vortices length in four meshes whit relative error  

  M1 M2  M3  M4  ERM1%  ERM2%  ERM3%  
  Re = 50 5.5204  5.3119  5.2461  5.2063  5.22  1.25  0.76  

  Re = 60 
En = 0.017  6.1261  5.8862  5.7860  5.7356  6.8  2.62  0.88  
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Fig. 5 Comparison of analytical and numerical solution of velocity 
profile of laminar and fully developed Newtonian fluid flow in the pipe 
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Fig. 6 Comparison of analytical and numerical solution of velocity 
profile of laminar and fully developed Viscoelastic fluid flow in the 
pipe 
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Table 3 Comparison of vortices length of current study whit Oliveira et 
al [28] for expansion ratio 1:3 and different Reynolds number 

Re   [28] ER  
10  1.1480  1.15  0.002  

12.5  1.3586  1.38  0.0214  
17.5  1.8450  1.87  0.025  

25  2.5791  2.64  0.0609  
35  3.6606  3.71  0.0494  
50  5.2252  5.33  0.1048  

100  10.5821  10.8  0.2179  
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Fig. 7 Local nusselt distribution of laminar and fully developed 
Newtonian fluid flow in the pipe at constant temperature case 
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Fig. 8 Comparison of analytical and numerical solution of temperature 
distribution of laminar and fully developed Newtonian fluid flow in the 
pipe 
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Table 4 The quantity of values assumed in this study 
  (kg m ) (Pa)  

0.04  0.02  1226  1  0.27  
(1 C°) K0

*(1 C°) (W mK) (K) (K) 
0.00118  0.775  0.008  400  303.15  

(m) , (1 C°) , (1 C°) (1 C°) (K) 
0.1  -0.00112  1.2122  0.4  1720  
 

 
Fig. 9 Comparison of centerline velocity distribution of laminar and 
fully developed Viscoelastic fluid flow in the sudden expansion for 
Re=20, Pr = 50 and different elastic number 
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Fig. 10 Comparison of center line pressure distribution of Viscoelastic 
fluid flow for Re = 20, Pr = 50 and different elastic number 
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Fig. 11 Stream line of Newtonian and Viscoelastic fluid flow in Re=20, 
Pr = 50 and different elastic number 
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Fig. 12 Nusselt number distribution of upstream wall of sudden 
expansion for En =1, Pr = 50 and different Reynolds number 
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Fig. 13 Nusselt number distribution of downstream wall of sudden 
expansion for En=1, Pr=50 and different Reynolds number 
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 Fig. 14 Nusselt number distribution of upstream wall of sudden 
expansion for Re=20, En=1 and different prandtl number 
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Fig. 15 Nusselt number distribution of downstream wall of sudden 
expansion for Re = 20, En = 1 and different prandtl number 
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Fig. 16 Comparison of nusselt number distribution of downstream wall 
of sudden expansion in Re = 20 and Pr = 50 for a) Newtonian fluid flow 
(En = 0) and b) Viscoelastic fluid flow (En = 1) 
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