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ABSTRACT

Heat transfer enhancement is a subject of condilie
interest to researchers as it leadsaving in energ
and cost. Because of the rapid increase in er
demand in all over The world, both reducing ene
lost related with ineffective use and enhanceméi
energy in the meaning of heat have become
increasingly significance task for dem and operatio
engineers for many system. Ad8nensional CFL
analysis has been carried out to study heat tra
and fluid flow behavior in a rectangular duct cdaar
air heater with one roughened wall having disc
inclined rib roughness. The effe of Reynold:s
number, roughness height, roughness pitch, rel
roughness pitch and relative roughness height el
heat transfer coefficient and friction factor haeen
studied. In order to validate the present nume
model, results have been cpared with availabl
experimental results under similar flow conditic
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Enhancement Factor, Reynolds’s No. , Nusse
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INTRODUCTION

India is blessed with an abundance of sunlighten
and biomass. Vigorousfforts during the past tw
decades are now bearing fruit as people in all &
of life are more aware of the benefits of renew:
energy, especially decentralized energy wi
required in villages and in urban or s-urban
centers. India has the wortdlargest programmed f
renewable energy. Government created
Department of Nomonventional Energy Sourc
(DNES) in 1982. The phenomenon of Heat tran
Enhancement are Breaking of laminar sub I
Creation of local wall turbulence and Decre
in the thermal resistance. Solar energy is avaal
freely and an indigenous source of energy prova

clean and pollution free atmosphere. The simpled:
the most efficient way to utilize solar energy &oe
convert it into thermal energy for heat applications
by using solar collectors. Solar air heaters, beeani
their inherent simplicity are cheap and most wic
used collector devices. Solar air heaters are t
used for many applications at low and mode
temperatures. Some of these arop drying, timber
seasoning, space heating e--.

As early as 400B500 BC, the first sailing ships a
windmills were developed harnessing wind ene
With the use of hydropower through water mills
irrigation systems, things began to move fasteel
wood and dung cakes are even today a major s
of energy in rural IndiaSolar energis used for
drying and heating. With the advent of the Inda$
Revolution, the use of energy the form of fossil
fuels began growing as more and more indus
were set up. This occurred in stages, from
exploitation of coatleposits to the exploitation oil
and natural gaBelds. It has been only half a centt
since nucleapower began being used as an en:
source. In the past centurybecame evident that the
consumption of nomenewable sources of energy |
caused more environmental damage than any
human activity. Electricity generated from fossiels
such as coal and crude oil has led to |
concentrations of harmful gases the atmosphere.
This has in turn led to problems such as o:
depletion and global warming. Vehicular pollutia
also a grave problem.

This work basically described the characteristit:
the heat transfer and friction is a square ductre
various shped ribs are placed transversely to
main stream direction on one wall. The shape of
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investigated is square, triangular, chamfered
semicircular. The objective of this research aréutb
fill three aspects i.e., to assess the occurrehdet
spot on the rib roughness wall by investigating
effects of rib shapes on the local heat transfsult
for prediction of the flow and heat trans
characteristics in ribbed passages, and to contpa
thermal performance of the four type of rib duct.
The specific objective of the paper are to identifg
appropriate governing equation for the probl
develop a computer code to create a computat
grid spots on the rib roughened wall by investiga
the effect of rib shapes on the local t transfer and
compare the thermal performance of the four typ
the ribbed duct finally.

LITERATURE REVIEW:
There are some papers which have been studie
referred on my work.

Yadav and Bhagoria [Feb. 2015]

Performed the study of heat transfer fluid flow
processes in an artificially roughened solar amtéx
by using comutational fluid dynamics (CFLC The
effects of small diameter of transverse wire
roughness on heat transfer and fluid flow have }
investigated. The Reynolds number, ative
roughness pitches (P/e) and relative roughnesi
(e/D) are chosen as design variables. A -
dimensional CFD simulation is performed using
ANSYS FLUENT 12.1 code. The Renormaliza-
group (RNG) ke model is selected as the m
appropriateone. Results are validated by compal
with available experimental results. It is appariait
the turbulence created by small diameter of trarsa
wire ribs result in greater increase in heat trar
over the duct.

Prasad and Saini [2013]

Developed the relations to, calculate the aver:
friction factor and Stantonumber for artificia
roughness of absorber plate by small diam
protrusion wire. They used these relations to cam
the effect of height and pitch of roughness elenoer
heat trasfer and friction factor with already availal
experimental data. The friction factor for one ¢
rough duct is determined by assuming that the
shear force in the one side rough duct
approximately equal to combined shear force f
three smoothwalls in a four sided smooth duct a
the shearforce from one rough wall in a four sid

rough duct. They used the friction similarity lawd
heat momentum transfer analc

Karwa, SaINI, Solanki [2013]

Studied and found that the artificial roughnin the
form of chamfered ribs groove on the absorber
result in considerable enhancement of heat trar
This enhancement is, however, accompanied |
substantial increase in the friction factor. It
therefore desirable to select the roughneometry
such that the heat transfer coefficient is maxich
while keeping the friction losses at the minim
possible value. Considering the heat transfer
friction characteristics can fulfill this requiremtethe
collector simultaneously.

L anjewar and Bhagoriya [2012]

Performed the study of heat transfer and fluid f
processes in an artificially roughened solar aatés
by using comutational fluid dynamics (CFLC The
effects of small diameter of transverse wire

roughness on heat transfer &fluid flow have been
investigated. The Reynolds number, rela
roughness pitches (P/E) and relative roughnesst
(e/D) are chosen as design variables. A -

dimensional CFD simulation is performed using

ANSYS FLUENT 12.1 code. The Renormaliza-

group (RNG) key model is selected as the r
appropriate one. Results are validated by comp:
with available experimental rest.

Prasad and Mullick [2011]

Developed a protruding wires on the underside e
absorber plate of an unglazed solar heater for
cereal grains drying to improve the heat tran
characteristics and hence the plate efficiencyofa
Investigate on solar air heater with protrudingesim
underside of the absorber plate. They fo
improvement of 9% (from 63% to 72%) plate
efficiency (FP) for Reynolds number of 40,000. -
plate efficiency is 44.5% higher in cross corruge
sheet with protruding wire than plane galvanizeoh
sheet.

Saini and Verma [2010]

Conductedan experimental investigati on fluid
flow and heat transfer characteristics of solar
heater duct having dimpkhaped artificial roughne:
Authors found maximum value of Nusselt num
corresponds to relative roughness height (e/D
0.0379 and relative roughness pitch (P/E) of
Authors also dund minimum value of friction factc
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correspond to relative roughness height (e/D)
0.0289 and relative pitch (P/E) of 10.

Verma and Prasad [2008]

Developed of a heat transfer in the solar air e
ducts can be achieved by several means like 1
baffles, fins, ribs and groves. Until now, varic
attempts have been made to investigate the efbd
these geometries on the enhancement of the
transfer rate; however it is achieved at the coshe
increase in the pressure drop across the «es on
which the scene elements are mounted. This paj
an attempt to summarize and conclude
investigation involving the use of small hei
elements and surface protrusions on absorber
and channel walls as artificial roughness elemeh
various geometries and its effect on heat transfer
friction factor through experiments. It al
summarizes the various correlations which have
developed for Nusselt number (Nu) and Fric
factor (f) and reported in the previous investigas.
The omparative study has been done to unders
the results of these investigations for solar amthrs
with different roughness elements on its abso
surface.

Bopche and Tandale [2007]

Performed for the thermloydraulic performance ¢
solar air heaters with inverted Ueged ribs on th
absorber plateThey concluded that their roughne
element is efficient in heat transfer even at lo
Reynolds number (RB000). They further conclude
that the turbulence is created only in the viscauk-
layer resiting in  higher therm-hydraulic
performance than smooth solar air hea

Karmare and Tikekar [2006]

PerformedCFD investigation of fluid flow and he
transfer in a solar air heater duct with metal ghs
as roughnesselements on the absorber p,
Commercial CFD code FLUENT 6.2.16 was used
solver. Standard k- turbulence model was used
simulate turbulent airflow through artificial
roughened solar air heater. Circular, triangulad
square shape rib grits with the angle of attack4’,
56°, 58, 60 and 62 were tested for the sar
Reynolds number. Authors reported that amongs
different shapes and orientations analyzed,
absorber plate of square crasstion rib with 58°
angle of attaclgave the best results. The percent
increase in the heat transfer for®58 inclination
plate over smooth plate was found to be about

In order to validate CFD results, experimel
investigations were carried out in the laborat

Gandhi and Singh [2005]

Performed a numericavestigation to investigate tt
effect of artificial surface roughness on flow thgh a
rectangular duct having bottom wall roughened \
repeated transverse sibof wedge shaped cre-
section,Two dimensional numerical modeling of t
duct flow using EUENT showed reasonably gor
agreement with the experimental observations e>
for the friction factor. Numerical results obtainby
commercial computational fluid dynamics (CF
code FLUENT were compared with the experime
results.

METHOD AND SOFTWARE USED
Computational Fluid Dynamics:

Computational fluid dynamics (CFD) is
computerbased simulation method for analyzing fli
flow, heat transfer, and related phenomena suc
chemical reactions. This project uses CFD for ais
of flow and heattransfer. Some examples
application areas are: aerodynamic lift and dragy
airplanes or windmill wings), power pla
combustion, chemical processes, heating/ventila
and even biomedical engineering (simulating bl
flow through arteries and \ns). CFD analyses
carried out in the various industries are used &bDF
and manufacture of aircraft, combustion engines
well as many other industrial products. It can
advantageous to use CFD over traditic
experimentabased analyses, since exments have
a cost directly proportional to the number
configurations desired for testing, unlike with CF
where large amounts of results can be produce
practically no added expense. In this way, param
studies to optimize equipment are veryxpensive
with CFD when compared to experime

Flow analysisand CAD MODELLING

After studying the basic steps in CFD to be folldv
to analysis the flow inside a duct. Ncwe can start
the analysis of the solar air heater with actuah
following three steps are required to run
simulation- Preprocessing: -CAD modeling, 2-
Meshing, 3type of solver, - physical model, 5-
material property, ®oundary conditiol

CONCLUSIONS
A 3-dimensional CFD analysis has been carried o
study heat transfernd fluid flow behavior in ¢
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rectangular duct of a solar air heater with
roughened wall having discrete inclined
roughness. The effect of Reynolds number, rougt
height, roughness pitch, relative roughness pituth
relative roughness height onhet heat transfe
coefficient and friction factor have been studiéd
order to validate the present numerical model,lte
have been compared with available experime
results under similar flow conditions. CF
Investigation has been carried out in dium
Reynolds number flow (Re ¥%3800e18, O(
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