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Abstract— Surface roughness is one of the first active 

techniques to be considered for the augmentation of forced 

convection heat transfer. It is necessary that the flow near the 

heat transfer surface should be turbulent so as to attain higher 

coefficient of heat transfer. However, energy for creating 

such turbulence has to come from the fan or blower and the 

excessive turbulence leads to excessive power requirement to 

make the air flow through the duct. After review of different 

papers we have concluded that artificial roughness increases 

heat transfer of any heated wall. Rough surface is also 

increases pressure drop. From this study we can concluded 

that it is possible to make artificial roughness of plate in 

triangular duct and compare that with plane surface in 

experimentally and analytically. 
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I. INTRODUCTION 

Artificial roughness provides the turbulence to the flow 

which leads to increase the heat transfer between the air and 

the heated wall. 

Roughness is created in such a way that it breaks the 

laminar sublayer region i.e. near the wall. There are several 

method to provide artificial roughness on the absorber plate 

such as casting, forming, machining, blasting, welding ribs 

and/or fixing thin circular wires, etc. The easiest and cheapest 

way of providing artificial roughness on the underside of the 

absorber plate is sticking of ribs. 

Turbulent heat transfer in separated flow fields is an 

attractive and important phenomenon. The separation flow 

generated by sudden expansion or contraction in passage, 

flow over forward and backward facing step, in channel ribs, 

and used swirl generators in passage, occurs in many different 

practical flow geometries such as heat exchangers, nuclear 

reactors, combustors and cooling channels. Separation occurs 

in turbulent and laminar flows. In the present paper, the 

turbulent flow separation has been studied to a greater extent. 

This is because: 

 Turbulent flows are more frequently encountered than 

laminar flows. 

 Separation is more likely to occur when the flow is 

turbulent. 

 Due to inertial effects, separation has a much greater 

influence in turbulent flows. 

A. Concept of Artificial Roughness 

Surface roughness is one of the first active techniques to be 

considered for the augmentation of forced convection heat 

transfer. It is necessary that the flow near the heat transfer 

surface should be turbulent so as to attain higher coefficient 

of heat transfer. However, energy for creating such 

turbulence has to come from the fan or blower and the 

excessive turbulence leads to excessive power requirement to 

make the air flow through the duct. 

Hence, it is necessary that the turbulence must be 

created in the vicinity of heat transfer surface i.e. laminar 

sublayer only where the heat exchange takes place and the 

flow should not be unduly disturbed so as to avoid excessive 

friction losses. This can be done by keeping the height of the 

roughness element to be small in comparison with the duct 

dimensions.  

II. LITERATURE REVIEW 

Mahdi et Al. [1] had concluded evidently, porous media with 

and without nanofluids have great potential for heat transfer 

enhancement and highly suited to application in practical heat 

transfer processes. This offers an opportunity for engineers to 

develop highly compact and effective heat transfer 

equipment. In this article, a comprehensive review of 

previous efforts is presented for different convective flow 

regimes and heat transfer through porous media with and 

without nanofluid. The effects of several Parameters in 

porous media geometry and nanofluid properties, thermal 

boundary conditions, and types of fluid were investigated. 

Previous studies have shown that the convection heat transfer 

increased with porous media because of its thermal 

conductivity and thus improve the effective thermal 

conductivity, leading to a significant increase in convection 

heat transfer coefficient. Also previous studies have shown 

that the convection heat transfer increased with porous media 

fill with nanofluids that has high thermal conductivity, and 

depend this increasing on the nanofluid type. 

Salem et.al. [2] Had investigated thermal 

developing, mixed convection, in a horizontal equilateral 

triangular channel heated uniformly. An experimental work 

has been conducted for horizontal equilateral triangular 

channel, heated uniformly, to investigate thermally 

developing mixed convection. The channel was (1.5 m) long 

and constructed from three plane (100 mm) walls to form the 

equilateral triangular cross section. These experiments had 

been conducted for range values of (115 ≤ af ≤ 237(W/m2))) 

of heat flux and for the range (0.0005 ≤ m ≤ 0.0015(kg/sec.)) 

of air mass flow rate. The test apparatus has been 

manufactured first, then a thermocouples have been stickled 

in proper positions. Then many readings, for temperatures, 

have been registered for each thermocouple. These readings 

have been taken for different speeds of the outlet air (from the 

Equilateral triangular channel). Five tests for the heat flux 

have been conducted, for each one of them three values of air 

mass flow-rate have been used. It has been noticed that the 

surface temperature of test has a proportional relation with 

the channel length. And this is found for all values of the heat 

flux and air mass flow-rate It was found that the temperature 

ratio and local Nusselt number had increased with increasing 
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the heat fluxes and the mass flow rate. Also it was found that 

the greatest local Nusselt number value was in the entrance 

of the channel then it decreased accompanied by growing the 

thermal boundary layer along the channel. 

Bharadwaj et al. [3] had studied thermos hydraulic 

performance of artificially roughened equilateral triangular 

solar air heater duct has been investigated and the comparison 

of the same has been presented with that of a conventional 

smooth solar air heater duct. The range of relative roughness 

height (e/Dh) is from 0.021 to 0.043, value of angle of attack 

(α) and relative roughness pitch (p/e) has been 30° and 8 

respectively. The range of Reynolds number is from 5600 to 

28000 and aspect ratio of the duct is 1.15. It has been found 

that the thermos hydraulic performance of artificially 

roughened triangular solar air heater duct is always more than 

that of the smooth absorber plate in the range of Reynolds 

number investigated. 

Togun et. Al. [4] had studied review of experimental 

studies of turbulent heat transfer in separation flow. 

Enhancement of turbulent heat transfer rate in separation 

region with sudden expansion in passage or flow over 

backward and forward facing steps have been chronologically 

presented with experimental observations. Augmentation of 

turbulent heat transfer rate in separation flow by introducing 

swirl generators in pipes, annular pipes, and with sudden 

expansion in passage has been highlighted. Different 

geometries of rib with rectangular and square ducts in 

turbulent flow in a number of studies have confirmed increase 

of heat transfer coefficient in separation flow behind ribs. In 

the review, detail effect of Reynolds number, heat flux, 

expansion ratios, and twisted tape on heat transfer and 

pressure drop are considered along with experimental studies 

that included only turbulent flow range with heat transfer. 

Further works on sudden expansion along with ribs at 

different intervals and geometries at particular portion of a 

channel or all through could be conducted to see the 

augmentation effect in different consequences. 

Gupta et al. [5] studied fully developed laminar flow 

and heat transfer in equilateral triangular cross-sectional 

ducts following serpentine and trapezoidal path. Friction 

factors for fully developed flow in an equilateral triangular 

duct containing built-in vortex generators of delta wing. 

Mohammed. [5] Had studied by rectangular wing, 

pair of delta winglets, and a pair of rectangular winglets had 

been investigated experimentally for Reynolds numbers 

ranging from (24500) to (75750). The ratio of the cross- 

sectional area of the test duct to that of the vortex generator 

(AD/AVG) was remaining constant during experiments. The 

variables parameters, vortex generator type, angle of attack, 

and Reynolds number. The variables parameters, vortex 

generator type, vortex generator angle of attack, and 

Reynolds number. The results showed that the friction factor 

was affected strongly by the wing greater than the winglet 

pair of vortex generators. The delta wing caused flow loss 

greater than the rectangular wing while the flow loss 

accompany with the existence of the pair of delta- winglets 

were less than that of the pair of rectangular winglet. It was 

also observed that the friction factor is affected remarkably 

by the angle of attack of vortex generator. 

Tamayol et al. [6] had studied analytical solutions 

presented for laminar fully-developed flow in micro/mini 

channels of hyper elliptical and regular polygonal cross-

sections. The considered geometries cover a wide range of 

common simply connected shapes including circle, ellipse, 

rectangle, rhomboid, star-shape, equilateral triangle, square, 

pentagon, and hexagon. Therefore, the present approach can 

be considered as a general solution. Predicted results for the 

velocity distribution and pressure drop are successfully 

compared with existing analytical solutions and experimental 

data collected from various sources for a variety of 

geometries, including: polygonal, rectangular, circular, 

elliptical, and rhombic cross-sections. 

A. Concluding Remark 

1) Many of researchers worked on to improve heat transfer 

parameter.  

2) There are very less research on improve heat transfer 

parameter using surface roughness. 

3) There is no any research on Enhancement of heat transfer 

in plain triangular duct by rough surface using 

experimental and CFD analysis. 

III. CONCLUSION 

This research work will lead to findings on the effect of 

artificial rough surface on heat transfer enhancement in 

triangular duct. It is expected from this research work that the 

applications of artificial rough surface will enhance the heat 

transfer in triangular duct by providing turbulence movement 

of fluid in triangular duct.  

IV. APPLICATIONS 

 In air cooled heat exchangers. 

 In Forging and casting industries for cooling of billet or 

final product using forced convection. 

V. FUTURE SCOPES 

 Find HTC parameters using changing material of rough 

surface. 

 Find HTC parameters by changing c/s of roughness   
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