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ABSTRACT 

The convective flow of a thermo-viscous incompressible fluid through fixed circular pipe is considered in 

this paper. The flow under the action of constant temperature and pressure gradients is assumed. The 

solutions for the velocity and temperature distributions have been obtained in terms of Modified Bessel 

functions with appropriate boundary conditions. The Heat transfer coefficient and the Drag force on the 

boundary have been calculated. The effect of thermal conductivity coefficient and the prandantle number 

on the Heat transfer coefficient have been discussed and shown in the form of graphs. 
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INTRODUCTION 

The theory of thermo-viscous fluids which reflect the interaction between thermal and mechanical 

responses in fluids in motion was first introduced by Koh and Eringin (1963). Nageswara Rao and 

Pattabhi Ramacharyulu (1979) later studied some steady state problems of certain flows dealing with 

thermo-viscous fluids. Green and Naghdi (1995) has given a new theory on thermo-viscous fluids. Some 

more problems of thermo-viscous flows studied by Anuradha (2006) in different flow geometries.  

Muthuraj and Srinivas (2007) studied the problem of Flow of a Thermo-viscous Fluid through an Annular 

Tube with Constriction. 

According to Koh and Eringin (1963) the stress-tensor ‘ t ’ and heat flux bivector ‘ h ’ are expressed as 

polynomial functions, viz., the rate of deformation tensor ‘ d ’: 
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where iu  is the 
thi  component of fluid velocity and   is the fluid temperature. The constitutive 

parameters i , i  being polynomials in terms of d  and b  in which the coefficients depend on fluid 

density (  ) and the temperature ( ).  

The  fluid is called Stokesian fluid if the stress tensor depends on the rate of deformation tensor ‘ d ’ and 

it is called Fourier-heat-conducting fluid when the heat flux bi-vector depends on the temperature 

gradient, the coefficients 1 and 3  may be identified as the fluid pressure and coefficient  viscosity 

coefficient respectively and 5  as that of cross-viscosity coefficient. 

The flow of incompressible thermo-viscous fluids satisfies the usual following equations: 
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and the energy equation:    iiijij qdtc ,
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where  ,kF  the 
thk Component of external force per unit mass, c  is the Specific heat, is thermal energy 

source per unit mass , iq  is the 
thi Component of heat flux bi-vector  ijt  is the components of stress tensor  

and ijd  is the components of rate of deformation tensor.  

Mathematical Analysis and Solution 

With reference to the cylindrical polar coordinate system ),,( zr  with the z-axis is along the axis of the 

pipe and r  is the radial distance from the centre of the pipe. The flow is represented by the velocity  

))(,0,0( ru  and the temperature of the fluid )(r . This choice of velocity evidently satisfies the 

continuity equation. 

 

 
Figure 1: Flow Configuration 

 

The flow is assumed under the action of constant temperature and pressure gradients. It is also assumed 

that the pipe is fixed and it has the velocity 0u . The leads the basic governing equations under these 

assumptions reduce to: 

The momentum equation in z-direction reduces to  

 2
26

2
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and the energy equation reduces to 

uckucc 2
23

2
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The equations (1) and (2) represent the coupled equations in u and  . 

Here, 1c , 2c   are the constant pressure and temperature gradients, 6  is the thermo-stress coefficient and 

3  is called thermal conductivity coefficient. 

The boundary conditions of the problem for the flow around the moving circular pipe are 

0)(,)0(  arufiniteru       (3) 

and 

aarfiniter   )(,)0(       (4) 

The following non-dimensional quantities are introduced to covert the above equations in non-

dimensional form: 
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Now, the equations of momentum and energy reduces to 
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and 
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The boundary conditions in non-dimensional form are reduced to 

1)1(,)0(,0)(,)0(  RTfiniteRTaRUfiniteRU  (7) 

Solving the equations (5), (6) and (7), we get the velocity distribution as  
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Heat Transfer coefficient (Nussult number) on the boundary: 

Nu=
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Drag force on the boundary: 
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Graphs 

  
Figure 2: Nu Versus rp and 13 b  Figure 3: Nu Versus rp and 33 b  
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Figure 4: Nu versus rp  and 53 b  Figure 5: Nu Versus rp and 73 b  

        

Conclusion 
The convective steady flow of a thermo-viscous incompressible fluid through fixed circular pipe is 

considered in this paper. The flow under the action of constant pressure and constant temperature 

gradients is assumed. The following are the conclusions drawn from the above graphs: 

1. As increasing the value of prandantle number, the variations of heat transfer coefficient is 

decreasing exponentially and the parabolic profiles are realized. 

2. It is noticed that, the variations of heat transfer coefficient is increasing with the increasing value 

of thermo conductivity coefficient. 
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