














NUMERICAL INVESTIGATION OF HEAT TRANSFER AND FLUID FLOW CHARACTERISTICS OF AN INTERNALLY RIBBED TUBE 
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Figure 7: Nusselt number as a function of number of semicircular ribs 
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Figure 8: Wall temperatures as a function of number of rectangular ribs 
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Figure 9: Centreline pressure as a function of number of rectangular ribs 

So by providing more number of ribs, better turbulent mixing of the fluid 
would be achieved inside the tube which results in low wall temperature. Though 
the wall temperature is reduced considerably by providing more number of ribs, but 
the centreline pressure (Figure 9) is found to be high. This indicates more pumping 
power is required to deliver same amount of fluid. 

Rib inclination angle: 

Rib inclination angle plays crucial role in heat transfer. The present numerical 
investigation is carried out for five number of rectangular ribs with inclination 
angle (a) 45°, 90° and 135° with respect to the direction of flow as shown in the 
Figure 10. It can be seen from the plot the wall temperature is comparatively low 
for rib inclination angle 45° than other rib inclination angle which suggests the heat 
transfer to air is maximum at 45° inclination angle. The effect of increase in heat 
transfer is also clearly visible in Figure 11, where the Nusselt number is higher in 
case of 45° rib inclination angle. This means the convective heat transfer increases 
because of higher turbulent mixing when the ribs are inclined towards the upstream 
of flow. It is seen from Figure 12, the centreline pressure is low for 45° and 135° 
rib inclination angle compared to 90°. So power loss due to the friction is low and 
less pumping power is required to deliver the same quantity of fluid. 
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Figure 10: Tube wall temperatures as function rib inclination angle 
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Figure 11: Tube wall temperatures as function rib inclination angle 

99 



JOURNAL OF MECHANICAL ENGINEERING (JMECHE) 

I 

8-\ 

6 

4 

2-j 

0 

-2 

• Plane tubel 
•a=4tf> 
•a=90° 
•a=135° 

q = 3000 Wm2, L = 1 m, D = 70 mm 
m = 0.0196 kg/s. H = 10 mm, t = 5 mm 

0.0 0.2 0.4 0.6 0.8 1.0 
x/L 

Figure 12: Tube centreline pressure as function rib inclination angle 
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Figure 13: Tube wall temperatures as function shape of the ribs 
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Figure 14: Nusselt number as function shape of the ribs 

10 

8 

- Semi-circular ribs 
- Triangular ribs 
• Trapezoidal ribs 
- Rectangular ribs 

q = 3CXX>Wm2,L = 1m,D = 70 mm 
m = 0.0196kg/s,H = 10mm,n = 5 

0.0 0.2 0.4 0.6 0.8 1.0 
X/L 

Figure 15: Tube Centreline pressure as function rib shape 

The effect of rib shape on wall temperature has been shown in Figure 13. 
Five numbers of ribs of height 10 mm has been attached to the tube wall. The 
shape of the ribs in the present numerical investigation has been considered to be 
rectangular, semicircular, trapezoidal and triangular. It can be seen from the plot the 
wall temperature is low for triangular ribs, which implies the heat transfer more in 
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case of triangular ribs. This can be more prominently visualised in Figure 14, which 
shows the Nusselt number is high for triangular ribs. In triangular ribs the mixing 
of the fluid is better due to sharp edge and corner and heat transfer coefficient is 
high due to this turbulent mixing. But, it can be seen from Figure 15 the centreline 
pressure is high for triangular ribs because of sharp corner and edges. 

Conclusion 

The wall temperature, tube outlet temperature and pressure drop for an internal 
ribbed tube have been computed by solving the conservation equations for mass, 
momentum and energy with two equation based k-e turbulence model. The wall 
temperature decreases with the rib height and rib number. But the pressure drop is 
increased with the rib number. The heat transfer is found to be highest when the rib 
inclination angle is 45° with respect to the flow direction where the pressure drop is 
significantly less. The heat transfer rate was found to be highest in triangular ribs. 
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