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Where: cp , J/kg K, specific heat 
D , m, tube diameter 
f ,  Darcy friction factor 
k , W/mK, thermal conductivity 
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 

 
2.2 Nu and Po criteria variation – first case: heating without 
viscous heating influence 

The first case which was analyzed for the Nu and Po 
criteria variation taking into consideration Methanol as test 
fluid had as a fundamental basis the absence of viscous heating 
between the fluid and the walls of the micro-channel. 

The graphic representation of the simulations for Nu and 
Po criteria, considering both the heating and cooling regimes 
are presented below: 

 

 
Fig. 1. Po criteria variation with axial coordinate 
 

 
Fig. 2. Nu criteria variation with axial coordinate 

 
2.3 Nu and Po criteria variation – second case: heating with 
viscous heating influence 

The second case which was analyzed for the Nu and Po 
criteria variation taking into consideration Methanol as test 
fluid had as a fundamental basis the presence of viscous heating 
between the fluid and the walls of the micro-channel. 

The graphic representation of the simulations for Nu and 
Po criteria, considering both the heating and cooling regimes 
are presented below. 

4. CONCLUSIONS 
 
 The numerical model for heat and fluid flow through the 
pipes, considering the viscous heating of the fluid and methanol 
as the working fluid was analyzed. Also the temperature 
dependent fluid properties are considered. 
 In the case of the thermal results, the Nu number exhibits 
the classic boundary layer flow with conventional fully 
developed value of Nu = 4.36. On the other hand for local 
Poiseuille number Po=fRe it is not constant with fRefd = 64 as 
expected but decreasing in downward the fluid flow. 

 

 
Fig. 3. Po criteria variation with axial coordinate 
 

 
Fig. 4. Nu criteria variation with axial coordinate 
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