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Abstract— This Study is aimed mainly at examining the 

extent transfer enhancement from smooth plates& rough 

serrated plates under natural convection. As a result of 

introducing body modification (serrations) to the plate .The 

modification in this work is rectangular serrations of 

different slot widths will be made through the plate 

thickness. The study investigates the influence of serrations 

on heat transfer rate or heat dissipation rate of the rough 

surfaces. The modified plate are to be compared to the 

corresponding smooth plate in terms of heat transfer rate, 

also comparing will be between all plates. This paper 

provides a review on analysis of Natural convection Heat 

Transfer from smooth plates & rough serrated plates of 

different materials. 
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I. INTRODUCTION 

Enhancement of heat transfer is of vital importance in many 

industrial applications. The thermal systems must be 

designed and sized to generate, transmit, or dissipate the 

appropriate amount of unwanted heat with required demand. 

The successful and safe operation of thermal units depends 

on various requirements including cooling and or heating of 

certain component parts. In electric and electronic systems, 

the generated heat may cause burning the problems that lead 

to system failure. To overcome this problem, efficient heat 

sink is essential. Natural convection from these devices is 

one of the considered cooling techniques and plays an 

important role in maintaining their reliable operation. In 

such circumstances, the heat sink may consume up to 40% 

of the total system volume.  

The removal of excessive heat from system 

components is essential to avoid the damaging effects of 

burning or overheating. The enhancement of heat transfer is 

an important part the subject of thermal engineering. The 

heat transfer from surfaces may in general enhanced by 

increasing the heat transfer coefficient between a surface 

and its surroundings, by increasing the heat transfer area of 

the surface.One popular heat transfer augmentation 

technique involves the use of rough or interrupted surfaces 

of different configurations. 

In recent years, there has been a growing interest to 

study turbulent natural convection over rough conducting 

surfaces both experimentally and theoretically. These 

studies are motivated partially by the desire for a more 

fundamental understanding of the heat transportin high-

Rayleigh-number turbulent natural convection. They are 

also relevant to many practical applications, because most 

free convections occurring in nature are over surfaces of 

corrugated topology such as oceanic and atmospheric 

convections. 

Some Correlations for natural convection are 

mentioned below for different positions and orientations for 

smooth surfaces. There are no correlations available for 

rough surfaces. It is proposed to establish experimental 

expression to smooth rough surfaces at different locations 

for natural convection mode of heat transfer. An 

experimental set up was fabricated for the purpose. Air was 

the working fluid & calculate heat transfer coefficient for 

smooth and rough surfaces. In addition, calculated 

experimental results are compared. 

II. RELEVANCE 

Whenever the available surface is found inadequate to 

transfer the required quantity of heat with the available 

temperature drop, extended surfaces or fins are used. The 

finned surfaces are widely used in economizer for steam 

power plant; radiators of automobiles, air cooled engine 

cylinder heads, cooling coils in refrigerators and air 

conditioners. Enhancement of natural convection heat 

transfer is necessary because of the continuous increase of 

power consumption rate of equipment. As the extended 

surface technology continuous to grow, new design ideas 

have emerged, including fins made of various materials. 

Due to high demand for lightweight, compact, and 

economical fins, the optimization of the fin size of great 

importance. Therefore fins must be designed to achieve 

maximum heat removal with minimum material 

expenditure, taken into account, and also with the ease of 

manufacturing the fin shape. 

III. LITERATURE REVIEW 

There is lot of literature on different topics of different 

modes of heat transfer; However, I have restricted the 

literature survey only to Natural Convection from surfaces. 

 Some correlations for natural convection. 

 A physical discussion of natural convection along 

inclined and horizontal plates. 

 Clausing et al.[1]; his investigation on natural 

convection from a heated, upward facing,  square, horizontal 

to surrounding gas medium is described. The results of the 

experimental investigation provide an improved correlation 

for the natural convection regime by accounting for variable 

property effects and extend the applicable Rayleigh number 

(Ra) range of the correlation over previous research. The 

large Rayleigh number regime is emphasized. The ratio of 

the plate wall temperature Tw to the ambient temperature T∞ 

is incorporated into the Nusselt number correlation in order 

to account for variable property influences. A cryogenic heat 

transfer tunnel, with test section temperatures that are varied 
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between 80K, and 310K, is used to help deduce the 

influences of the relevant parameters. The ranges of the 

dimensionless parameters investigated are 2x10
8
<Ra<2x10

11
 

and 1<Tw/T∞<3.1 

 Shen et al. [2]; explained light scattering 

experiment of turbulent convection in water is carried out in 

a convection cell with rough upper and lower surfaces. The 

vertical heat flux is found to be increased by 20% when the 

Rayleigh number becomes larger than a transition value. 

The experiment reveals that the main effect of the surface 

roughness is to increase the emission of large thermal 

plumes, which travel vertically through the central region. 

Theseextra thermal plumes enhance the heat transport, and 

they are responsible for the anisotropic behavior of velocity 

fluctuations at the cell center. 

 Du et al. [3]; performed novel convection 

experiment is in a cell with rough upper and lower surfaces. 

The heat transport across the rough cell is found to be 

increased by more than 76%. Flow visualization and near 

wall temperature measurements reveal new dynamics for the 

emission of thermal plumes. The discovery of the enhanced 

heat transport has important applications in engineering and 

atmospheric convection. 

 Onuret al. [4]; performed study on natural 

convection between inclined plates. The plate inclinations 

were chosen to be 0
0
,30

0
,45

0
 and measured with respect to 

vertical position. Hot plate is facing downwards and heated 

isothermally. The lower plate is insulated and unheated. 

Experiments were performed for various temperature 

differences in air to determine the effect of plate spacing 

ranging from 2mm to 33 mm and inclination on natural 

convection heat transfer. It was observed that heat transfer 

results do not depend on plate inclination strongly. 

 Comunelo et al. [5]; his work deals with heat 

transfer coefficient “h” of an isothermal vertical plate with 

H = 0.15 m. The neighborhood surfaces influence in that 

coefficient is aimed with simulation and standard 

experimentation.A novel technology to measure the heat 

flux. Calling “Tangential Heat Flux meter” is applied and 

simulation with a CFD commercial code was performing. 

Five heat flux meters was glued on the vertical plate, heated 

20
0
C over the air temperature. The neighborhood and air 

temperature was maintained constants. The distance 

between the plate and base wall (floor) was changed as well 

as the distance between the plate and backside wall. 

Through simulation results will be compare with 

experimental. The result expected is increasing of heat 

transfer coefficient very usefully in heat exchange devices. 

 Kandaswamy et al. [6]; studies Natural convection 

heat transfer in a square cavity induced by heated plate 

numerically. Top and bottom of the cavity are adiabatic; the 

two vertical walls of the cavity have constant temperature 

lower than the plate’s temperature. The flow is assumed to 

be two-dimensional. The discretized equations were solved 

by finite difference method using Alternating Direction 

Implicit technique and Successive Over-Relaxation method. 

The study was performed for different values of Grashoff 

number ranging from 103 to 105 for different aspect ratios 

and position of heated plate. The effect of the position and 

aspect ratio of heated plate on heat transfer and flow were 

addressed. With increase of Gr heat transfer rate increased 

in both vertical and horizontal position of the plate. 

 Dare et al. [7]; explained diffusion velocity method 

(DVM) a version of vortex element method (VEM), was 

used to model the steady state, laminar convection flows 

along isothermal vertical plates and in isothermal vertical 

channels. This study shows that the diffusion velocity 

method is a viable numerical tool at modeling not only fluid 

flow problems but also the heat transfer problems. However, 

a large deviation recorded for correlation of Nusselt number 

and Rayleigh number for both the plate and the channel with 

existing correlations may stem from convergence difficulties 

encountered at the plate surface. From the results obtained, 

it is established that as the wall temperature increases while 

keeping the mainstream fluid temperature constant, the 

thermal boundary layer thickness increases. The study has 

also established that the diffusion velocity method is 

available numerical tool capable of modeling fluid and heat 

transfer problems. 

IV. METHODOLOGY 

It is proposed to establish experimental expression to 

smooth& rough surfaces at different locations for natural 

convection mode of heat transfer.  Also work concentrates 

on developing the experimental setup to study 

“Experimental analysis of Natural convection heat transfer 

from smooth plates& rough serrated plates of different 

materials.” For this dissertation work it is proposed to carry 

out the work in the following phases. 

A. Phase I: Preparatory phase 

First phase of proposed work is to study the existing 

literature in connection with, use of rough serrated plate 

surface to enhance the heat transfer characteristics under 

natural convection with particular attention towards the 

effect of changing the angles of plate 00,300,450,600 and 

measured with respect to horizontal surface. 

B. Phase II: Design of proposed rough serrated plates 

In first case both the upper and lower surfaces of plates were 

smooth, in second case both upper and lower surface is 

making rough serrated by providing slots on plate. For 

making rough serrated surface for that first draw straight 

lines surface at equally spaced on the plate. And then by 

hand grinding machine or by other machining method make 

slotted lines are drawn. 

 This stage of proposed work concentrates on 

developing the rough serrated plates to study “Experimental 

analysis of Natural convection heat transfer from smooth 

plates& rough serrated plates of different materials.” 

Thermal performance of the proposed rough serrated surface 

plates will be compared with the smooth surface plate. The 

plates will be manufactured by M.S. and Aluminum 

materials. Also the experimentation will be carried by 

varying the slot width. 
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Fig. 1: General Cross section of Rough Serrated Plate. 

C. Phase III: Design of Experimental Set up: 

Third phase of proposed work is concerned with design of 

experimental setup to investigate the thermal performance 

under natural convection from heated vertical rough serrated 

Plate. The experimental setup consists of the components 

such as RTD’s, Temperature Indicator, Heating element, 

and arrangement to vary the heat input, and Stand etc. The 

experimental facility shown in Fig.2and Fig.3is to be 

designed and constructed to investigate the Natural 

convection heat transfer from smooth & rough serrated plate 

surfaces. 

 
Fig. 2: Control panel for natural convection apparatus 

 
Fig. 3: Schematic layout of proposed experimental setup 

 1) Heated Plate, 2) Heater, 3) Heater Socket, 4) 

Thermocouple Socket, 5) Stand, 6) Bevel Protractor 

D. Phase IV: Validation of Experimental Set up: 

Experimental setup will be validated by correlating the 

experimental results obtained from the heated vertical plate 

and theoretical results from standard correlations available 

in the literature for same, before going to use it for 

investigation of “Experimental analysis of Natural 

convection heat transfer from smooth plates & rough 

serrated plate surfaces of different materials.” Once the 

experimental set-up is validated, it will be used further to 

investigate the proposed work 

E. Phase V: Experimentation: 

Actual experimentation will be conducted to investigate the 

effect of serration in the heated plate on the natural 

convection heat transfer from smooth plate & rough serrated 

plate. The heat will be generated within the plate with coil 

type heating element. The surface temperatures will be 

measured with the help of RTD’s mounted at different 

locations of plates. One RTD is to be fixed on the plate in 

order to measure the base temperature and one RTD is to be 

used to measure air temperature. Each RTD is to be fixed to 

the surface of the test plate at equal space locations along 

the plate length. Method to enhance the heat transfer 

characteristics under natural convection with particular 

attention towards the effect of changing the angles of plate 

00,300,450,600 and measured with respect to horizontal 

surface by using bevel protractor for both smooth plate & 

rough serrated plate. The apparatus will be allowed to run 

until the steady state. The recording of temperature will 

begin after steady state has been reached. 

F. Phase VI: Result analysis and Development of 

correlations: 

Some Correlations for natural convection are mentioned for 

different positions and orientations for smooth surfaces. 

There are no correlations available for rough serrated plate 

surfaces. It is proposed to establish experimental expression 

to smooth rough serrated plate surfaces at different locations 

for natural convection mode of heat transfer. An 

experimental set up was fabricated for the purpose. Air was 

the working fluid & calculate heat transfer coefficient for 

smooth plate & rough serrated plate. In addition, calculated 

experimental results are compared for smooth plate & rough 

serrated plate with different angles. 

V. CONCLUSIONS 

Many approaches have been followed by many researchers 

to improve the heat transfer coefficient by changing the 

characteristics of heat transfer plates. Several other 

researchers reported a similar trend for interrupted, 

perforated, and serrated surfaces, attributing the increase in 

convection coefficient is even more and more. Out of which 

the interrupted surfaces are intended to improve the 

convective heat transfer under natural convection. The 

findings of some of the studies are as under 

 By making shape modifications, like cutting some 

material from fins to make cavities, holes, slots, 

grooves, or channels through the fin body to increase 

the heat transfer area and/or the heat transfer 

coefficient. 

 The surface roughness or interruption aims at 

promoting surface turbulence that is intended mainly to 

increase the heat transfer coefficient rather than the 

plane surface area. 

 The heat transfer rate and the coefficient of heat 

transfer increases with perforation diameter increased. 

 Values of circular perforation dimension, the 

perforated fin enhances heat transfer, andthe 
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magnitude of enhancement is proportional to the plate 

thickness and its thermal conductivity. 
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