
www.ierjournal.org                     International Engineering Research Journal (IERJ) Volume 1 Issue 10 Page 990-994, 2015, ISSN 2395-1621 

 

 
© 2015, IERJ All Rights Reserved  Page 1 

 

 

 

  ISSN 2395-1621 

 

 

Natural Convection Heat Transfer from 

Vertical Roughened Surfaces 
 

#1
Ranjitsingh  Mane, 

#2
Prof. R.H.Yadav 

 
1
rsinghmane@gmail.com  

2yadav_rh@rediffmail.com 
 

 

#1
P.G. Student, Mechanical Engineering Department, Dr. J. J. Magdum College of 

Engineering, Jaysingpur, Shivaji University, Kolhapur, Maharashtra - 416012, India.  

 

 

ABSTRACT 

 
ARTICLE INFO 

Natural convection represents an inherently reliable cooling process. Further, this 

mode of heat transfer is often designed as a backup in the event of the failure, due 

to fan breakdown, of a forced convection system. In other applications where the 

heat dissipating surface is normally smooth, it may be necessary to enhance the 

surface to achieve the desired temperature level. The traditional solution is to add 

vertical fins; however, roughening the surface would be a more attractive solution if 

the heat transfer coefficient increase is substantial. Few studies have been carried 

out to determine the effect of surface roughness elements on free convection heat 

transfer. The results obtained seem to conflict with each other as to the increase of 

the heat transfer coefficient.The study of natural convection heat transfer is of 

significance in several areas of technology and in nature. A study of natural 

convection processes is also of relevance because of the problem of heat rejection 

and removal in many devices, processes, and systems. Natural convection 

represents a limit on the heat transfer rates and this becomes a very important 

consideration for problems in which other modes are either not possible or not 

practical. It is also relevant for safety considerations under conditions when the 

usual mode fails and the system has to depend on natural convection to dissipate the 

generated heat. 
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I. INTRODUCTION 

The study of natural convection heat transfer is of 

significance in several areas of technology and in nature. A 

study of natural convection processes is also of relevance 

because of the problem of heat rejection and removal in 

many devices, processes, and systems. Natural convection 

represents a limit on the heat transfer rates and this becomes 

a very important consideration for problems in which other 

modes are either not possible or not practical. It is also 

relevant for safety considerations under conditions when the 

usual mode fails and the system has to depend on natural 

convection to dissipate the generated heat. The recent 

growth of research in natural convection has been largely 

due to its relevance to environmental effects. Natural 

convection from vertical surfaces with some sort of large 

scale surface roughness elements is encountered in several 

technological applications. Of particular interest is the 

dissipation of heat from electronic circuits, where 

component performance and reliability are strongly 

dependent on operating temperature. Natural convection 

represents an inherently reliable cooling process. Further, 

this mode of heat transfer is often designed as a backup in 

the event of the failure, due to fan breakdown, of a forced 

convection system. Circuit boards represent a naturally 

enhanced free convection situation. In other applications 

where the heat dissipating surface is normally smooth, it 

may be necessary to enhance the surface to achieve the 

desired temperature level. The traditional solution is to add 

vertical fins; however, roughening the surface would be a 

more attractive solution if the heat transfer coefficient 

increase is substantial. Few studies have been carried out to 

determine the effect of surface roughness elements on free 

convection heat transfer. The results obtained seem to 

conflict with each other as to the increase of the heat 

transfer coefficient.  
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II. LITERATURE REVIEW 

Heat transfer by natural convection phenomenon has been 

investigated by different researchers for various geometries 

and different boundary conditions. Literature review related 

to the thermal hydraulics of tank in pool type reactor may be 

classified into two categories like a review of related studies 

in the area of heat transfer by natural convection phenomena 

and a survey of available literature related to similar kind of 

reactors. A further classification of the literature on heat 

transfer by natural convection phenomenon can be made on 

the basis of geometry or method of study adopted by 

researchers. The geometry may be classified as flat and 

curved surfaces, single as well as assembly of these objects, 

in an enclosure or infinite medium with some orientation 

like horizontal, vertical or at some angle. Heat transfer by 

natural convection phenomenon from these geometries has 

been investigated by different methods like numerical, 

analytical and experimental.  

 

  2.1 Natural Convection from Flat Surfaces 

       2.1.1 Flat Plate 

 

Flat plate is a simple geometry to study the natural 

convection heat transfer. A free convection boundary layer 

is formed by heating the plate. At the surface of plate the 

velocity is zero due to the no slip boundary condition; it 

increases to some maximum value and then decreases to 

zero where the boundary layer ends. Initially the boundary 

layer developed is laminar. At certain distance from the 

leading edge, turbulent eddies are formed due to the 

temperature difference between the surface and the 

surroundings which changes the fluid properties, hence a 

transition to turbulent layer begins which may become fully 

turbulent after some distance. The analysis of natural 

convection heat transfer on a vertical flat plate is the 

simplest case which can be solved mathematically and it has 

served to introduce the new dimensionless variable, the 

Grashof number, which is important in all natural 

convection problems. The Grashof number has a similar role 

in natural convection as that role played by Reynolds 

number in forced convection system. Grashof number is 

used as a criterion for the transition to turbulent boundary 

layer flow for natural convection.  

Eckert and Soehngen [1] observed by Critical 

Grashof number is approximately 4 × 10
8
 for natural 

convection on vertical flat plate using air. Later on, Grashof 

numbers of 10
8
 to 10

9
 are observed as turbulent boundary 

layer for different fluids.  

The stability and transition of natural convection boundary 

layers have been surveyed by Gebhart et al.[2-3] For 

turbulent natural convection it is difficult to predict velocity 

and temperature profiles analytically, therefore the 

experimental measurements are more reliable to obtain 

relations for heat transfer. In natural convection problems, 

the velocities are so small that they are very difficult to 

measure experimentally. Despite of this difficulty, the 

velocities have been measured by different techniques like 

hydrogen-bubble technique , hotwire anemometry, quartz-

fiber anemometers and laser anemometry etc. among these 

techniques the laser anemometry is non invasive and more 

reliable as it does not affect the flow. The temperatures have 

been measured by Zehnder-Mach interferometer. 

Interferometric studies have been done by different 

researchers and discussed the isotherms obtained on vertical 

flat plate with air. These isotherms provide the information 

about the behavior of boundary layer either laminar or 

turbulent. A number of researchers have investigated 

theoretical and empirical aspects of natural convection 

problems.  

 

   2.2.:-Semi-infinite horizontal plate with heated surface     

facing upward: 

Uniform Wall Heat Flux: 

Nu=0.13Ra*1/3       (Ra*<2x10
9
) 

Nu=0.16 

Ra*1/3(5x10
8
<Ra*<10

11
) 

Ra* is the modified Rayleigh number  

Constant Wall Temperature: 

Nu=0.54Ra1/4    

(10
5
<Ra <2x10

7
) 

Nu=0.16 Ra1/3   

 (2x10
7
<Ra<3x10

10
) 

 

 

2.3:-Semi-infinite horizontal plate with heated surface is 

facing downwards: 

Uniform Wall Flux: 

Nu=0.58 Ra*1/5  

 (10
6
<Ra*<2x10

9
) 

Constant Wall Temperature: 

Nu=0.27Ra1/4    

(3x10
5
<Ra <3x10

10
) 

In the above equations Nu and Ra are based on 

characteristic length L and the physical properties are 

evaluated at mean temperature defined as; 

Tm=Tw -

0.25(Tw-T∞) 

Where, 

Tw=Temperature at the surface of plate  

T∞=Bulk Temperature 

Jaluria[4]and Ozisik [5].Radziemska et al. [6] 
presented by The correlations for different orientations of 

flat plates have been have compared their correlation with 

the correlations of Nusselt number for different geometries 

of plate like rectangular, square & round with inclination 

like horizontal, vertical or at some angle θ. They also 

determined the contour of static temperature and velocity 

distributions using FLUENT/UNS code and estimated by 

qualitative flow visualizations using interferometry and 

images of particle track. 

     The experimental techniques for the measurement of 

temperature have been used by different researchers to 

investigate the natural convection phenomenon of heat 

transfer study. They have used thermocouples for surface 

temperature measurements. 

 Naylor and Tarasuk[7] used the optical method 

of laser interferometers. Flow visualization technique is 

used to find stream line patterns by Ho et al. [8]. Eichhorn 

[9] was investigated the velocity measurement by tracer 

particles. 

Naylor and Tarasuk [10] have investigated the 

natural convection phenomenon by numerical as well as 

experimental techniques using a vertical channel divided by 

a heat generating wall. They used, the finite element method 

based upon CFD code FIDAP to solve the Navier-Stokes 
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equations and the laser interferometry, an experimental 

technique to observe the isotherm patterns. They also 

observed the „Chimney Effect‟, because the average Nusselt 

numbers in their findings were twice in comparison with a 

flat plate in infinite medium. They also compared their 

numerical and experimental results and found that the 

average Nusselt numbers trend is similar for both techniques 

but the experimental values of Nusselt number were 10% 

lower than the numerical predictions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig2..1: An array of silicon nanowires (one 

dimensional) 

Fig.2.3: Helically Ribbed Surface                   (two 

dimensional ) 

 

  

Fig.2.2: Square Transverse Ribbed Surface 

(two dimensional) 

Fig.2.4: Trapezoidal Transverse Ribbed Surface (two 

dimensional ) 

 

 

David J. Kukulka et. al. [11] have investigated 

experimentally heat transfer surface like solid plain, solid  

 

 

 

 

textured, solid with openings (louvered), and textured with 

openings (Fig-3). He used different types of material like 

copper, stainless steel (304), aluminum, copper alloys, 

nickel alloys. 

 

Type-1 

 

38 % Increase in Heat Transfer 

with Excellent Flow Distribution 
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Type-2 

 

40 % Increase in Heat Transfer 

with Excellent Flow Distribution 

Type-3 

 

18 % Increase in Heat Transfer 

with Directional Flow 

Distribution 

Type-4 

 

25 % Increase in Heat Transfer 

with Average Flow 

Distribution 

 

Fig.2.5 Types of textures 

 

2.4 Remarks from literature review 

Various approaches have been followed by many 

researchers to improve the heat transfer coefficient by 

altering surface topography, making use of stochastic 

roughened surfaces, patterned surfaces with regular profiles 

defined by micro-cavities, micro-fin-fins and also, although 

less often, regular profiles defined by micro-pillars. Out of 

which the roughened surfaces are intended to improve the 

convective heat transfer under natural convection. the 

findings of some of the studies are as under 

 The artificial surface roughness enhances the heat 

transfer by triggering the thermal layer breakup as 

well as facilitating intensive turbulent mixing. 

 With one and two dimensional roughened surfaces 

enhancement in heat transfer is achieved at the 

expense of higher friction factor. 

 Other heat transfer enhancement technique for 

surface treatment is the three-dimensional surface 

roughness which needs to be studied in details to 

investigate the effect of surface roughness on the 

convective heat  transfer. 

A significant amount of research on the surface roughness 

technique has been done by the researchers to achieve heat 

transfer enhancement in natural convection.. At first, surface 

roughness technique belongs to passive techniques and 

efforts have been made to study the one dimensional and 

two dimensional surface roughness‟s on convective heat 

transfer. Which gives the conclusion that the artificial 

surface roughness enhances the heat transfer by triggering 

the thermal layer breakup as well as facilitating intensive 

turbulent mixing, this phenomenon, however, is 

accompanied by unexpected raise of frictional resistance. At 

the same time it is necessary to investigate the effect of the 

three dimensional roughened surfaces (diamond knurled) on 

the convective heat transfer. This work will give the effect 

of surface roughness (diamond knurled) on heat transfer for 

vertical roughened surfaces in natural convection and 

proposed the correlation for same. 

III. CONCLUSION 

In this Paper A review on experimental investigation of 

natural convection heat transfer from vertical roughened 

surfaces has been reviewed. The effect of variation in 

surface roughness and heat input on convective heat transfer 

coefficient and Nusselt number from different researchers 

has been observed 

From above researchers work following conclusions are 

made. 

1. With increase in surface roughness the heat transfer 

rate, convective heat transfer coefficient and 

Nusselt number increases compared with plain 

plate. 

2. The artificial surface roughness enhances the heat 

transfer by triggering the thermal layer breakup as 

well as facilitating intensive turbulent mixing. 
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