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Nu , Nusselt number 
Po , Poiseuille constant 
R, m, tube radius 
Re , Reynolds number 
T , K, temperature 
u , v , m/s, velocity components 
x, z, spatial coordinates 
Greek symbols 
μ , Pa s, viscosity 
ρ , kg/m3, density 
 
The partial differential equations (1)–(4) together with 

boundary conditions, are solved using the finite volume method 
described in (Patankar, 1980). First, the parabolic flow field 
condition is considered and the velocity field is solved. The 
temperature field, as a conjugate heat transfer problem, was 
then solved as the elliptic problem using the obtained velocity 
field. As a consequence of the temperature dependent fluid 
properties, iterative procedure is needed to obtain the 
convergence of the fluid properties (viscosity, thermal 
conductivity, density and specific heat capacity) through the 
successive solution of the flow and temperature field. Further 
details regarding the numerical code are presented in (Lelea, 
2007). 
 
2.2 Pressure drop and heat transfer coefficient variation 

There were analyzed the pressure drop and variation for the 
heat transfer coefficient for three different concentrations of 
aqueous solutions of Ethylene Glycol (30%, 40% and 50%), 
considering heating and cooling regimes for a value of 0.5 for 
the Brinkman number (+0.5 for heating regime and -0.5 for 
cooling regime). 

The obtained results are presented in Figures 1 and 2. 
 

 
Fig. 1. Heat transfer coefficient variation with z coordinate 

 

       
Fig. 2. Pressure drop variation with z coordinate 

3. CONCLUSIONS 
 
 The numerical model for heat and fluid flow through the 
pipes, considering the viscous heating of the fluid. The aqueous 
solutions of Ethylene Glycol (30%, 40% and 50%) were 
considered as the working fluid. The Brinkman number is used 
to estimate the viscous dissipation effect with Br = 0.5 (both for 
heating and cooling. The following conclusions are outlined: 
• Both the heat transfer coefficient and pressure drops are 

influenced by the viscous heating 
• Different behaviours of the covered parameters are 

observed for heating or cooling of the tube wall. 
• In the case of heat transfer coefficient the boundary layer 

evolution of the heat transfer coefficient is observed 
regardless the Ethylene Glycol Vol% in water 

• The Ethylene Glycol Vol% in water slightly influences the 
heat transfer coefficient during the heating case 

• Contrary to heating, during the cooling case the heat 
transfer coefficient is decreasing as the Vol% is increasing 
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