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   Abstract  

 

This paper presents a review on heat and fluid flow enhancement in an adiabatic channel over heated perforated ribs using pulsating 

flow methodology. A pulsating flow is imposed by an acoustic woofer at the channel inlet and a constant heat is generated at each 

protruding block. The impact of the important governing parameters such as the Reynolds number, the Nusselt number and the 

inter-block spacing on heat transfer rate from heated ribs will be examined in detail. The effect of pulsating flow on convective 

heat transfer from periodically spaced ribs in tandem on a channel wall has also been investigated. 
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I. INTRODUCTION 

Heat transfer enhancement plays an important role in areas, such as electronics cooling, compact heat exchangers, power plants, 

gas turbine air foil cooling, etc. Modern high- performance gas turbine engines operate at high entry gas temperature, well above 

the allowable metal temperature. Therefore, highly efficient cooling technologies (film cooling, impingement cooling and internal 

cooling) are required for vanes and blades of advanced gas turbines. Internal cooling is achieved by passing the coolant through 

passages inside the blades. The specific technology has developed from simple smooth cooling passages to very complex 

geometries, involving a great number of different circuit designs and flow path surfaces. Various cooling methods have been 

developed over the years to ensure that the turbine blade metal temperatures are maintained at a level consistent with air foil design 

life. The objective in turbine blade cooling is to achieve maximum internal heat transfer coefficients while minimizing the coolant 

flow rate. One such method is to route coolant air through rib-roughened serpentine channels within the air foil and convectively 

remove heat from the blade. The coolant is then ejected either at the tip of the blade, through the cooling slots along the trailing 

edge, or through the film holes along the air foil surface. The development of high performance thermal systems has stimulated 

interest in methods to improve heat transfer. The study of improved heat transfer is referred to as heat transfer enhancement or 

augmentation and is of great importance in the performance enhancement of compact heat exchangers and solar air heaters. 

Disruption of the laminar sublayer in the turbulent boundary layer and introduction of secondary flows with the help of turbulence 

promoters (such as ribs, baffles, and winglets) are the common methods used for heat transfer augmentation in solar thermal 

systems. Turbulence promoters increase fluid mixing and interrupt the development of thermal boundary layer, leading too 

enhancement of heat transfer .Sinan Caliskan [1]studied the effect of jet geometry on the flow and the heat transfer characteristics 

were investigated experimentally and numerically for elliptic and rectangular impinging jet arrays. 

The aspect ratios of elliptic and rectangular jets for 1.0, 2.0 and 0.5, jet Reynolds numbers ranging from 2000 to 10,000, 

and jet-to-target spacings ranging from 2 to 10 were considered to investigate impingement heat transfer performance. The Nusselt 

numbers for the elliptic jets in the impingement regions were larger than that for a circular jet. S. Caliskan[2]studied the flow field 

of smooth surfaces and surfaces with V-shaped ribs (V-SR) was studied experimentally with a Laser-Doppler Anemometry (LDA) 

system. In addition, heat transfer characteristics were experimentally investigated and found that the Nusselt numbers are higher 

for the V-SR surfaces as compared to smooth surfaces .The locations of the peaks and the minima are influenced by cross flow 

velocities which in turn depend on jet-to-plate spacing and V-SR arrangements. For all results, the Nusselt numbers at the 

stagnation points decrease with increase in H/d.TabishAlam[3]showed the effect of geometrical parameters of the V-shaped 

perforated blocks on heat transfer and flow characteristics of rectangular duct, has been investigated experimentally. The effect of 

V-shaped perforated blockages has been investigated for the range of Reynolds number from 2000 to 20,000. The maximum 

enhancement in Nusselt and friction factor has been found to be 6.76 and 28.84times to that of smooth duct, respectively.  
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Thermohydraulic performance of V-shaped perforated block agesis also compared to that of V-shaped solid blockages 

for same geometrical parameters .K. Nanan[4]investigated the influence of perforated helical twisted-tapes (P-HTTs) on the heat 

transfer, friction loss and thermal performance characteristics under a uniform heat flux condition is reported. The P-HTTs were 

obtained by perforating typical helical twisted-tapes (HTTs) with a prospect to reduce the friction loss of fluid flow. The 

experiments were conducted using P-HTTs' three different diameter ratios (d/w) of 0.2, 0.4 and 0.6, and three different perforation 

pitch ratios (s/w) of 1, 1.5 and 2. The helical pitch ratio and twist ratio were fixed at P/D = 2 and y/w = 3.Testswere performed for 

Reynolds number between 6000 and 20,000.  

The experiments using the plain tube and the tubes with HTTs were also carried out for assessment. The experimental 

results reveal that the use of P-HTTs leads to the reduction of friction loss as compare to that of HTT.  Heat transfer, friction loss 

and thermal performance factor increase as d/w decreases and s/w increases. For the present range, the maximum thermal 

performance factor of 1.28 is obtained by using the P-HTT with d/w = 0.2 and s/w = 2.0 at the Reynolds number of 6000. In 

addition, the empirical correlations for Nusselt number, friction factor and thermal performance factor give accurate predictions 

within ±4%, ±6% and ±3%, respectively. S. Caliskan[5] showed the detailed heat transfer measurements over a surface with V-

shaped ribs (V-SR) and convergent-divergent shaped ribs (CD-SR) by a circular impinging jet array was investigated using thermal 

infrared camera 0.Both V-SR and CD-SR configurations with an angle of 45_ are considered. In-line jet arrays with different exit 

flow orientations were also considered. The range of parameters for the analysis has been decided on the basis of practical 

considerations of the system and operating conditions. The effects of different rib heights on the impinging heat transfer along the 

wall are studied. Five different ribbed surfaces with different rib height and shapes were selected. The rib pitch (p) to rib height 

(e) ratio is 6. During the experiments, the Reynolds number was varied from 2000 to 10,000, the jet diameter-to-rib height ratio 

from 0.6 to 1.2, and jet-to-plate spacing from 2 to 12. 

The heat transfer results of the rib-roughened plate are compared with those of a smooth plate. The heat transfer from the 

rib-roughened wall may be enhanced or retarded. Best heat transfer performance was obtained with the V-SR arrangements. The 

presence of rib turbulators on the target plate produces higher heat transfer coefficients than the smooth plate. The average Nusselt 

number values for the V-SR plate showed an increase ranging from 4% to 26.6% over those for the smooth plate. 

II. VARIOUS METHODS/TECHNIQUES OF HEAT TRANSFER ENHANCEMENT 

The process of improving the performance of a heat transfer system or increase in heat transfer coefficient is referred to as heat 

transfer augmentation or enhancement. This leads to reduction in size and cost of cooling. An increase in heat transfer coefficient 

generally leads to additional advantage of reducing temperature driving force, which increases second law efficiency and decreases 

entropy generation. General techniques for enhancing heat transfer can be divided in three categories. One is passive method such 

as twisted tapes, helical screw tape inserts, rough surfaces, extended surfaces, additives for liquid and gases. The second is active 

method, which requires extra external power, for example mechanical aids, surface fluid vibration, use of electrostatic fields. 

Passive methods are found inexpensive as compared to the other group. Extended surfaces provide effective heat transfer 

enlargement. The newer developments have led to modified finned surfaces that also tend to improve the heat transfer coefficients 

by disturbing the flow field in addition increase the surface area. Vibration in the fluid or surface is another active technique that 

has been applied to conventional channels. The tubes in some conventional heat exchanger can vibrate providing heat transfer 

enhancement. This technique could easily be applied to a mini channel heat exchanger. The enhancement achieved from exposing 

a flow to an electrical field has been studied by a large number of researchers. This technique could also be applied to micro-

channel flow. In a conventional or a mini- channel application, a small insert electrode is present in the flow field. A potential is 

applied between the insert probe and the channel surface. The electric field that results will provide a moving corona effect and 

enhance the heat transfer .The third category includes combined application of active and passive techniques to obtain enhancement 

in heat transfer which is greater than that produced by either of them when used individually, is termed as compound enhancement. 

This technique involves complex design and hence has limited applications. 

A. Pulsating Flow 

Pulsating flows appear in various areas of engineering and natural sciences. They not only play an important role in the operations 

of IC engines, pumps, nuclear power systems, etc., but are also of immense interest for better understanding of human breathing 

or blood flow through arteries and hence, have received considerable attention over the years. An accurate mass flow rate 

measurement technique for laminar, fully developed, pulsating pipe flows was developed by Ünsal[6] which utilizes a unique 

relationship between mass flow rate to pressure gradient amplitude ratio, their phase difference and pulsation frequency. Jeong 

Woo Moon [7]showed that extensive studies on heat transfer from a heated block array in a channel have been conducted in 

response to industrial demand such as electronics cooling and compact heat exchangers. For the steady flow, lots of experimental 

and numerical studies showed that as fluid passed over a heated block array, the periodic redevelopment of thermal boundary layer 

occurred a teach block and its contribution was crucial to the total heat transfer rate. Inside the inter-block region, however, heat 

transfer was relatively meager attributed to less flow communication of recirculating cell with the main through flow. In an effort 

to enhance convective heat transfer from such a confined recirculation zone, a heat transfer augmentation scheme adding a pulsation 

component to a main through-flow has been proposed in recent years .This scheme was relevant to the amplification of the flow 

instability inherently existed in a self-sustained oscillation regime by forced pulsation. Using the flow pulsation, the amplified 
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hydrodynamic instability in as hear layer substantially augmented flow mixing in a channel, and resulted in convective   thermal 

transport enhancement. 

Tomasz Pałczyński [8] presents a method for estimating pulsating flow parameters in partially open pipes, such as 

pipelines, internal combustion engine inlets, exhaust pipes and piston compressors. The procedure is based on the method of 

characteristics, and employs a combination of measurements and simulations. An experimental test rig is described, which enables 

pressure, temperature and mass flow rate to be measured within a defined cross section. The second part of the paper discusses the 

main assumptions of a simulation algorithm elaborated in the Matlab/Simulink environment. The simulation results are shown as 

3D plots in the space-time domain, and compared with proposed models of phenomena relating to wave propagation, boundary 

conditions, acoustics and fluid mechanics. The simulation results are finally compared with acoustic phenomena, with an emphasis 

on the identification of resonant frequencies. Chao Dang [9] investigated rack cooling system with the pulsating heat pipe and 

inner duct in data center is suggested and the heat transfer performance is numerically investigated in this paper. The inner structure 

of the rack is designed and analyzed. The simplified thermal conductivity model of the pulsating heat pipe is introduced in 

numerical simulation. The temperature of CPUs (Central Processing Units) is evaluated based on the rack electricity power, the 

working state of the pulsating heat pipe, the temperature of the cooling air and the wind pressure of the rack fans. The results show 

that the CPUs temperature increases with the rack heating power. The start-up of the pulsating heat pipe (PHP) leads to the 

temperature of CPUs decrease and the distribution of temperature of CPUs uniformly .The temperature of CPUs decreases with 

the decrease of the temperature of the cooling air or the increase of wind pressure. The temperature field of the inner air is improved 

and some “hot spots” are removed by installing an inner duct in the rack. The temperature of CPUs is no more than 60 degree in 

the rack cooling system with load 1380W.Tsai-Shou Chang [10] investigate the effects of a horizontal baffle on the heat transfer 

characteristics of pulsating opposing mixed convection in a parallel vertical open channel. The influences of the dimensionless 

pulsating frequency Strouhal number and magnitude A, Prandtl number and baffle. 

 
Fig. 1: Proposed experimental setup position 

Lb on the velocity and temperature distribution and long-time average Nusselt number variation for the system at various 

Re and Gr Re2 are explored in detail. Results showhat the channel with both flow pulsation and a baffle gives the best heat transfer. 

With a larger Re, the inlet flow pulsation dominates the whole velocity field in the channel. Average Nusselt number always 

increases with a larger Re, pulsation magnitude A and Prandtl number. Maximum average Nusselt number occurs at some specific 

imposed pulsating frequencies which can be considered to be the natural frequency of the system. 

III. PROPOSED IDEA/EXPERIMENTAL SETUP 

From the above literature review it is found that the lot more work has been done in the area of passive methodology. Limited 

work has been done or is in transient state for the active techniques to enhance the heat transfer parameters. Pulsating flow can be 

created using a particular frequency range and amplitude with the help of codes generated in MATLAB. Perforated V-shaped 
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heated ribs will be used in an adiabatic channel. Lumped capacitance model of convective heat transfer and SST –K omega model 

will be used to investigate the simulation work. 

 
Fig. 2: Pulse generating system 
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