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Abstract— Natural Convection flow has several 

technological applications of particular interest of heat 

dissipation from electronic circuits, refrigerators, heat 

exchangers, nuclear reactors fuel elements, dry cooling 

towers, and home ventilation etc. This study deals with the 

study of natural convection heat transfer in inclined smooth, 

medium roughened and highly roughened plate. The 

parameters varied during the experimentation are heat input 

(30.6 to 174.75 Watts) and the angle of inclination for plate 

(0°,15°,30°,45°,60°,75°,90°). It has been observed that the 

heat transfer coefficient is enhanced up to 6.63% from 

smooth to medium roughened, 3.87% from medium 

roughened to high roughened and 10.75% from smooth to 

high roughened plate at maximum heat input 174.75 watts 

and inclination 900. The heat transfer enhancement has been 

investigated experimentally. 
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I. INTRODUCTION 

Heat transfer is the area that deals with the mechanism 

responsible for transferring energy from one place to another 

when a temperature difference exists. Natural convection is 

one of the most economical and practical methods of cooling 

and heating. Natural convection is caused by temperature or 

concentration induced density gradient within the fluid. 

Natural convection flow occurs as a result of influence of 

gravity forces on fluids in which density gradients have been 

thermally established. In the study of heat transfer, both 

equilibrium and non-equilibrium processes are encountered. 

The science of heat transfer allows us to determine the time 

rate of energy transfer caused by the more practical non 

equilibrium processes. With the growing sophistication in 

technology and with the increasing concern with energy and 

the environment, the study of heat transfer has, over the past 

several years, been related to a very wide variety of problems, 

each with its own demands of precision and elaboration in the 

understanding of the particular processes of interest. Areas of 

study range from Atmospheric, geophysical and 

environmental problems to those in heat rejection, space 

research and manufacturing systems.  In a wide class of 

natural convection processes, heat transfer occurs from a 

heated vertical surface placed in a quiescent medium at a 

uniform temperature. If the plate surface temperature is 

greater than the ambient temperature, the fluid adjacent to the 

vertical surface gets heated, becomes light & rises. Heavier 

fluid from the neighboring areas rushes into take the place of 

the rising fluid; similarly the flow for a cooled surface is 

downwards. In a smooth vertical parallel plate channel that 

are open to the ambient at top & bottom ends, natural 

convection occurs when at least one of the two plates forming 

the channel is heated or cooled. The resulting buoyancy-drive 

flow can be laminar or turbulent depending upon the channel 

geometry; fluid properties &temperature difference of the 

plate & the ambient. The Rayleigh number in vertical channel 

is different that from flow over a vertical flat plate. Due to 

modern application of cooling of electronic components such 

as printed circuit boards, there has been resurgence of interest 

in studying natural convection in vertical channels. 

Understanding the flow and heat transfer pattern in this 

equipment may significantly improve their design & 

consequently their operational performance.  

II. REVIEW OF LITERATURE 

Tanda [1] experimentally studied heat transfer in natural 

convection flow of air in a vertical channel with one surface 

roughened by transverse square ribs while the opposite 

surface kept smooth. Isothermal condition was imposed on 

the ribbed side, while the other side remains unheated. A 

schlieren optical technique was used for measuring the 

thermal field characteristics and for obtaining the distribution 

of the local heat transfer coefficient. It was found that he 

presence of the square ribs results in lower heat transfer in 

comparison with the smooth channel.   

       Kihm [2] investigated natural convection heat 

transfer characteristics in converging vertical channels flows 

by measuring the wall temperature gradients using a laser 

speckle gram technique. The local and average heat transfer 

coefficients were obtained for forty different configurations, 

including five different inclination angles from the vertical 

(θ= 00, 150, 300, 450 and 600) with eight different channel 

exit openings for each inclination angle. Correlations were 

obtained for local and average heat transfer coefficients in the 

range of Grashof numbers up to 7.16×106; however the flow 

regimes for all considered cases were laminar. It reported that 

as the top opening of channel decreased, both local and 

average Nusselt number values started decreasing below that 

of a single plate. In low Rayleigh number range, neither the 

single plate limit nor the fully developed limit could properly 

describe the heat transfer characteristics in the converging 

channel.  

       Roberts and Floryan[3]. This separation bubble was 

found to have a considerable effect on the local Nusselt 

number especially at high Grashoy numbers. When this 

sharp-edged inlet corners were rounded, the inlet separation 

region disappeared for all Grashof numbers. It was found that 

the local Nusselt number decreases in the entrance region of 

the channel with square corners but with no such decrease in 

case of rounded corners.  The effect of other parameters 

including different forms of heating, transient regimes, 

chimney effect and channel geometry were investigated by a 

number of researchers.  

       Straatman[4] investigated the effect of the angle of 

inclination on natural convection heat transfer in a channel 



Investigation of Natural Convection Heat Transfer Coefficient for Roughened Inclined Plate 

 (IJSRD/Vol. 5/Issue 03/2017/069) 

 

 All rights reserved by www.ijsrd.com 269 

with isothermal walls. The overall heat transfer was found to 

decrease as the inclination angle increased. The amount of 

decrease in heat transfer was proportional to the cosine of the 

inclination angle. 

       Manca [5] performed experimental study of laminar 

natural convection in an asymmetrically heated vertical 

channel with uniform flush mounted discrete heat sources. 

The effect of wall emissivity was taken into account. The wall 

temperature profiles as a function of emissivity, strip heat 

flux, channel spacing, the number strips and their 

arrangement were presented. A correlation for Nusselt 

number in terms of Rayleigh number was proposed for 

Rayleigh numbers ranging from 10 to 106. 

       C.E.Kwak and T.H.Song [6] investigated natural 

convection from two dimensional vertical plates with 

horizontal rectangular grooves both experimentally and 

numerically. A mach-Zehnder interferometer was used in the 

experiment and local Nusselt number at each groove surface 

(outer, bottom, inner and top surface) were measured 

quantitatively from the interferograms.The effect of Rayleigh 

number for each aspect ratio was studied. The results were 

summarized using the average nusselt number Vs Rayleigh 

number correlations. The correlations may be used for 

selecting proper aspect ratio and dimension.  

       Naylor and Tarasuk  [7] obtained a numerical 

solution for the problem of two dimensional laminar natural 

convection in a divided vertical channel. The channel was 

dividing by an isothermal vertical plate located midway 

between the two isothermal channel walls. The study 

examined the effect of Rayleigh number, plate to channel 

length ratio, vertical plate position and the plate thickness on 

the heat transfer process. Navier-stokes and energy equations 

were obtained for Prandtl number Pr=0.7. Positioning the 

plate at the bottom of the channel was found to give the 

highest average Nusselt numbers for the plate and channel. 

The average Nusselt number on the dividing plate was about 

two times higher than that of a single plate placed in a fluid 

of infinite extent. 

       Miyamoto [8] conducted the first experimental 

study on turbulent free convection heat transfer in an 

asymmetrically heated vertical channel. The channel was 

formed from two vertical parallel plates. One plate was 

heated by imposing a uniform heat flux along the plate and 

the opposite plate was adiabatic. The channel (4.98m high 

and spanned 0.95m) was open at the bottom and top. 

Experiments were performed with channel widths of 50, 100 

and 200mm.The temperature variation on the heated and 

adiabatic vertical plates as well as the turbulence 

characteristics of the free convection flow between the plates 

were measured. These results were compared with those of a 

single plate. The temperature and velocity fields were 

presented at three vertical locations and the variation of the 

local heat transfer coefficient was determined along the 

heated wall.  

       La Pica [9] conducted an experimental study of free 

convection heat transfer in a vertical channel of rectangular 

cross section, with a wall of breadth 1.2m and variable 

channel width and a fixed height of 2.6m. One of the channel 

walls was heated with uniform heat flux. Tests were 

conducted with different values of channel gap and heating 

power. On the basis of results obtained, two correlations were 

reported for the average Nusselt number in terms of Rayleigh 

number and a geometrical parameter (channel gap/channel 

height).  

       Habib [10] conducted velocity field measurements 

for natural convection flow in symmetrically and 

asymmetrically heated vertical channels. In symmetrically 

heated channel, both plates are heated above the ambient 

temperature where in the asymmetrically heated channel, one 

plate was kept above ambient temperature and the other one 

below it. Velocity measurements were performed for two 

Rayleigh numbers (Ra = 2 ×106 and 4×106) both in the 

turbulent region. 

       Daloglu and Ayhan [11] who conducted 

measurements of natural convection in a rectangular channel 

with fins connected periodically to both plates. The channel 

had an aspect ratio of 66 and the walls are maintained at 

uniform heat flux. Results were obtained for the modified 

Rayleigh numbers ranging from 20 to 90 and it was found that 

the Nusselt number for finned channels is less than that for 

smooth channels for all values of Rayleigh number.  

       Fujii [12] Study on natural convection from an array 

of vertical plates with discrete and protruding heat sources. 

The governing equations of motion and energy were solved 

numerically using an upwind finite difference scheme for 

Grashof numbers up to 8.8×105. The velocity profiles 

between the central plates were measured using laser-doppler 

anemometer while the plate surface temperature was 

measured using thermocouples. A correlation for the local 

Nusselt number was proposed that is capable of predicting the 

protrusion surface temperature within an error band of ±20%.  

       Chang [13] performed numerical analysis of 

transient natural convection in vertical plates of finite length 

with transient symmetric iso-flux heating. The parameters 

studied were the Grashoff number ranging from 10 to 108 for 

aspect ratio 5. The transient thermal and flow fields, including 

isotherms, pressure contours, streamlines and velocity 

profiles for various Grashoffnumber were obtained. A 

correlation of a transient induced Reynolds number for a 

vertical finite length channel with various transient Rayleigh 

numbers was proposed. 

III. EXPERIMNTAL WORK 

The aim of this work is to investigate experimentally, the heat 

transfer coefficient for inclined smooth, medium roughened 

and high roughened plate on natural convection. The details 

of the experimental set- up are as follows: 

Sr.No. Description Material Dimensions 

01. Plane plate Steel 300*250mm 

02. 
Medium roughened 

plate 
Steel 300*250mm 

03. High roughened plate Steel 300*250mm 

Table 1: Details of the experimental set- up 
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A. Experimental Set-up: 

 
Fig. 1: Experimental set-up for roughened inclined plate 

 The experimental set-up consists of following 

instrumentation –  

 Dimmer stat (0-260 Volt AC Supply)  

 Voltmeter (0 - 460 Volt)  

 Ammeter ( 0 - 5 Ampere)  

 Digital Temperature Indicator (DTI) of 8ports(Range 0 – 

400OC) 

 Constant heat flux coil sandwiched in Horizontal plate.  

 Calibrated Thermocouples used PT-100 type – 12nos.  

 The parameters varied during the experimentation are:  

 Heat input 

IV. RESULTS AND DISCUSSIONS 

The variation of heat transfer coefficient in smooth, medium 

rough and roughened steel plate at different inclination as 0o, 

15o, 30o, 45o, 60o, 75o, 90o as follows: 

A. For An Inclination 0o: 

 
Fig. 2: For an Inclination 0o 

B. For An Inclination 15o: 

 
Fig. 3: For an inclination 15o 

C. For An Inclination 30o: 

 
Fig. 4: For an Inclination 30o 

D. For An Inclination 45o: 

 
Fig. 5: For an Inclination 45o 



Investigation of Natural Convection Heat Transfer Coefficient for Roughened Inclined Plate 

 (IJSRD/Vol. 5/Issue 03/2017/069) 

 

 All rights reserved by www.ijsrd.com 271 

E. For An Inclination 60o: 

 
Fig. 6: For an Inclination 60o 

F. For An Inclination 75o: 

 
Fig. 7: For an Inclination 75o 

G. For An Inclination 90o: 

 
Fig. 8: For an Inclination 90o 

       From above figures, it has been observed that the 

comparisons of heat transfer coefficient of smooth and 

medium roughened and high roughened plate. At maximum 

at heat input 174.5 Watts. Percentages of enhancement are 

6.63% from smooth to medium roughened, 3.87% from 

medium roughened to high roughened and 10.75% from 

smooth to high roughened plate. 

V. CONCLUSION 

The aim of this work is to investigate the heat transfer 

coefficient of smooth plate, medium roughened plate and 

high roughened plate by natural convection. The parameters 

varied during the experimentation are heat input (30.6 to 

174.75 Watts) and the angle of inclination for plate 

(0°,15°,30°,45°,60°,75°,90°). It has been observed that the 

heat transfer coefficient is enhanced up to 6.63% from 

smooth to medium roughened, 3.87% from medium 

roughened to high roughened and 10.75% from smooth to 

high roughened plate at maximum heat input 174.75 and 

inclination 900. 
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