
 

ABSTRACT 

This work is concerned with the numerical and experimental 

investigations of heat transfer enhancement and friction factor penalty 

inside corrugated-plate air channels. The investigation was evaluated for 

three different in-phase corrugation shapes (triangular, trapezoidal and 

sinusoidal). The influence of the flow rate represented by Reynolds 

number (100-1000), corrugation aspect ratio (0.2-0.5), relative spacing 

ratio (0.5-3) and cutting edge ratio(0-0.6) on the flow characteristics and 

heat transfer were investigated for the three corrugation shapes. The flow 

characteristics were depicted through the presentation of stream function 

contours, local wall shear stress, air velocity profiles, pressure gradient 

and isothermal fanning friction factor. Whereas the heat transfer 

characteristics were determined through isotherms contours, air 

temperature profiles, local and average heat transfer coefficient, local and 

average Nusselt number and flow area goodness factor. The predicted and 

experimental results were compared together to validate the present 

model. Lateral vortices or re-circulation cells developed in the 

corrugated-wall troughs as the axial flow get separated downstream of the 

wall-corrugation peaks and re-attaches upstream of the subsequent wall 

peak, and their strength and coverage was a function of Reynolds number 

corrugation aspect ratio, relative spacing ratio and cutting edge ratio. 

With the development of trough-region re-circulation, there was 

considerable thinning of the thermal boundary layer and the flow field 

exhibits regions of thermal mixing with more uniform core region 

temperature distributions and much sharper wall temperature gradients 

which enhance the flow convection heat transfer. On the other hand, the 

local shear stress distribution reflected the influence of the wavy-wall 

trough-region lateral vortex and its streamwise growth. The profile 



showed higher values at the part of the wall exposed to flow acceleration 

resulting in higher isothermal friction factor. Also very higher peak was 

observed at the sharp edged corner of the triangular passage which raised 

the isothermal friction factor value of the triangular passage than any 

other shape. By cutting the sharp edged corners for trapezoidal channel or 

rounding it for sinusoidal channel, the large lateral vortex of the 

triangular channel was gradually damped resulting in lower recirculation 

area, lower recirculation velocities and lower velocity gradients which 

damping the high peaks of the shear stress observed in the triangular case 

resulting in lower isothermal friction factor. However, the mixing effect 

produced by the lateral vortex decreased with its damping, which led to  

less uniform temperature profile resulting in lower sharper wall 

temperature gradients with thicker boundary layer thickness, so lower 

values of the Nusselt number was obtained. While cutting the sharp edged 

corner in the trapezoidal passage decreased the shear stress value with a 

considerable reduction in the Nusselt number, rounding these edges in the 

sinusoidal passage could also damp the higher shear stress values but 

with a small reduction in the Nusselt number values. So, sinusoidal shape 

provided higher flow area goodness factor than any other shape especially 

at the moderate aspect ratio values of 0.25 and 0.3, and relatively narrow 

channels with relative spacing ratio values of 1 and 1.5. New correlations 

were developed based on the present results to evaluate Nusselt number 

and friction factor as a function of Reynolds number, corrugation aspect 

ratio, relative spacing ratio and cutting edge ratio for different corrugation 

shapes. The predicted results are consistent with the numerical and 

experimental data and lie within ±10% deviation.  

 

 

 

 

 


