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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
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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
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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.

References

[1] R.L. Webb, E.R.G. Eckert and R.J.Goldstein, “Heat transfer and friction in
tubes with repeated-rib roughness”. International journal of heat and mass
transfer 14(4), 601-617 (1971).

[2] Lei Wang, Mirko Salewski and Bengt Sunden,“Turbulent flow in a ribbed
channel: Flow structures in the vicinity of a rib.” Experimental thermal and
Fluid Science 34(2), 165-176 (2010).

[3] S. Hossainpour and R. Hassanzadeh, “Numerical investigation of tub side
heat transfer and pressure drop in helically corrugated tubes.” International
Journal of Energy and Environmental Engineering 2(2), 65-75 (2011).

[4] WeiPeng, Jiang Pei-Xue, Wang Yang-Ping and Wei Bing-Yuan “Experimental
and numerical investigation of convection heat transfer in channel with
different types of ribs.” Applied Thermal Engineering 3(14-15), 2702-2708
(2011).

[S] Wen_Tao Ji, Ding-Cai Zhang, He Ya-Ling and Tao Wen-Quan, “Prediction of
fully developed turbulent heat transfer of internal helically ribbed tubes- An
extension of Gnielinski equation”. International Journal of Heat and Mass
Transfer, 55, 1375-1384 (2012).

[6] S.Anil Yadav and J.L. Bhagoria, “Heat Transfer and Fluid flow Analysis of
an Artificial Roughened Solar Heater: A CFD Based Investigation”. Front
Energy, 8(2),201-211 (2014).

102



NUMERICAL INVESTIGATION OF HEAT TRANSFER AND FLuID FLOW CHARACTERISTICS OF AN INTERNALLY RiBBED TUBE

(7]

(8]

(9]

(10]

(11]

(12]

[13]

(14]

[15]

(16]

(17]

K. Youngsiri, P. Eiamsa-ard, K. Wongcharee and S. Eiamsa-ard, “Augmented
heat transfer in a turbulent channel flow with inclined detached-ribs.” A case
study in thermal engineering 3, 1-10 (2014).

K. Sivakumar, E.Natarajan and N. Kulasekharan, “Heat transfer and
pressure drop comparison between smooth and different sized rib-roughened
rectangular divergent ducts.” International Journal of Engineering and
Technology (IJET), 6(1), 263-272 (2014).

K.R. Aharwal, C.B. Pawar and Alok Chaube, “Heat transfer and fluid flow
analysis of artificially roughened ducts having rib and groove roughness.”
Heat Mass Transfer, 50(6), 835-847 (2014).

N. Shrirao Pankaj, M. Rahul Sherekar and V. Sachin Bhalerao, “Experimental
analysis of turbulent flow heat transfer in a rectangular duct with and without
continuous and discrete V-shaped internal ribs.” International Journal of
Research in Advent Technology, 2(1), 59-66 (2014).

S. K. Dash, “Heatline visualization in turbulent flow”, Int. J. Numerical
Methods for Heat and Fluid Flow, 6, 37-46 (1996)

PK. Jha and S.K. Dash, “Effect of outlet positions and various turbulence
models on mixing in a single and multi strand tundish”, Int. J. Num. Method
for Heat and Fluid Flow, 12, 560-584 (2002).

P.K. Jha and S.K. Dash, “Employment of different turbulence models to the
design of optimum steel flows in a tundish”, Int. J. Numerical Methods for
Heat and Fluid Flow, 14, 953-979 (2004).

P.K Jha, R. Ranjan, S.S. Mondal and S.K. Dash, “Mixing in a tundish and
a choice of turbulence model for its prediction”, Int. J. Numerical Methods
for Heat and Fluid Flow, 13, 964-996 (2003).

H.K. Versteeg and W. Malalasekera, “An Introduction to Computational Fluid
Dynamics The Finite Volume Method”, Addison Wesley Longman Limited,
England (1996).

M.A. Islam and A.K. Mozumder, “Forced convection heat transfer
performance of an internally finned tube”, Journal of Mechanical Engineering
ME, 40, 54-62 (2009).

B. Yu, J.H. Nie, Q.W. Wang and W.Q. Tao, “Experimental study on the
pressure drop and heat transfer characteristics of tubes with internal wave-
like longitudinal fins”, Heat and Mass Transfer, 35, 65-73 (1999).

103



