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ABSTARCT:

In this present work, Experiments were performed to collect heat transfer and friction data for forced
convection flow of air in rectangular duct with and without internal ribs. The analysis was conducted
within the range of Reynolds number from 3000 to 18000. The horizontal rectangular duct was subjected
to constant and uniform heat flux. Experimental results for this configuration are reported for three
different channels viz., smooth rectangular duct, rectangular duct with continuous V- shaped ribs and
rectangular duct with discrete V- shaped ribs. The effects of internal ribs on the heat transfer coefficient
and friction factor are compared with the result of smooth duct under similar flow conditions.
Experimental results show that the local Nusselt number distribution is strongly depended on the
position, orientation, and geometry of the ribs. The friction factor ratio goes up with an increase in the
Reynolds number, but its value depends on the arrangement of ribs. The results also show that the
discrete V- shaped ribs produce overall less heat transfer enhancement than the continuous V- shaped
ribs. However, the increased heat transfer enhancement in the continuous V- shaped ribs came at the cost
of an increased pressur e penalty.

Keywor ds. Heat transfer augmentation; Forced convection heat transfer; Internal ribs; Rectangular duct.

1. INTRODUCTION

Heat exchangers have been widely employed in skewelastrial and engineering applications. The Teghes

for enhancing heat transfer are relevant to sewangineering applications. In recent years, thé lugst of
energy and material has resulted in an increastut efimed at producing more efficient heat excleang
equipment. The heat transfer rate can be improyeidtboducing a disturbance in the fluid flow (bkéazsy the
viscous and thermal boundary layers), but in thec@ss, pumping power may increase significantly and
ultimately the pumping cost becomes high. Thereftreachieve a desired heat transfer rate in astiegiheat
exchanger at an economic pumping power, severbhigges have been proposed in recent years. Tla gre
attempt on utilizing different methods is to ingseathe heat transfer rate through the compulsorgefo
convection. The meanwhile, it is found that thisjwan reduce the sizes of the heat exchanger dewitesave
up the energy. M. Sozen and T.M. Kuzay [1] numdicstudied the enhanced heat transfer in rouneggub
filled with rolled copper mesh at Reynolds numbemge of 5,000-19,000. With water as the energyspari
fluid and the tube being subjected to uniform Haat, they reported up to ten fold increase in heansfer
coefficient with brazed porous inserts relativeptain tube at the expense of highly increased presdrop. Q.
Liao and M.D. Xin [2] carried out experiments tady the heat transfer and friction characteristizswater,
ethylene glycol and 1ISOVG46 turbine oil flowing ide four tubes with three dimensional internal exied
surfaces and copper continuous or segmented twigpedinserts within Prandtl number range fromt6.590
and Reynolds numbers from 80 to 50,000. They faimadl for laminar flow of VG46 turbine oil, the aagre
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Stanton number could be enhanced up to 5.8 tim#s friction factor increase of 6.5 fold comparedpiain
tube. D. Angirasa [3] performed experiments thatypd augmentation of heat transfer by using metéirous
materials with two different porosities namely 9#%d 93%. The experiments were carried out for wffe
Reynolds numbers (17,000-29,000) and power inusgnd 9.2 W). The improvement in the average &luss
number was about 3-6 times in comparison with tasecwhen no porous material was used. Fu et al. [4]
experimentally demonstrated that a channel filléth Wwigh conductivity porous material subjectedszillating
flow is a new and effective method of cooling edentc devices. The experimental investigations sfeH and
Liu [5] reported that Nusselt numbers were betwieem and two times the bare values at low Re agt e
respectively. Bogdan and Abdulmajeed et al. [6] aedoally investigated the effect of metallic porous
materials, inserted in a pipe, on the rate of kraausfer. The pipe was subjected to a constanuaifdrm heat
flux. The effects of porosity, porous material deter and thermal conductivity as well as Reynoldasiiner on
the heat transfer rate and pressure drop weretigaésd. The results were compared with the cllsav tase
where no porous material was used. The resultsnatustdead to the conclusion that higher heat temsites
can be achieved using porous inserts at the expdreseeasonable pressure drop. Smith et. al.np@stigated
the heat transfer enhancement and pressure Idssdiyion of single twisted tape, full length daald regularly
spaced dual twisted tapes as swirl generatorsunddube under axially uniform wall heat flux cotimins.
Chinaruk Thianpong et.al. [8] Experimentally invgated the friction and compound heat transfer Bienan
dimpled tube fitted with twisted tape swirl generafor a fully developed flow for Reynolds number the
range of 12000 to 44000. Whitham [9] studied hemtdfer enhancement by means of a twisted tape ivag
back at the end of the nineteenth century. Date @imggham [10] numerically investigated heat transfe
enhancement in laminar, viscous liquid flows inuéd with a uniform heat flux boundary condition.eyh
idealized the flow conditions by assuming zero tdpekness, but the twist and fin effects of thésted tape
were included in their analysis. Saha et al. [1dJehshown that, for a constant heat flux boundandition,
regularly spaced twisted tape elements do not parfeetter than full-length twisted tape because stél
breaks down in-between the spacing of a regulavigtéd tape. Rao and Sastri [12], while workinghwé
rotating tube with a twisted tape insert, obserileat the enhancement of heat transfer offsetsitieeim the
friction factor owing to rotation. Sivashanmugand&undaram [13] and Agarwal and Rao [14] studied th
thermohydraulic characteristics of tape-generatetl glow. Peterson et al. [15] experimented witligtn
pressure (8—-16 MPa) water as the test liquid imbuient flow with low heat fluxes and low wall—fluid
temperature differences typical of a liquid—lighiglat exchanger.

The present experimental study investigates thee@se in the heat transfer rate in a rectanguler laeated
with a constant uniform heat flux with air flowimigside it using continuous and discrete V-shapéetival ribs

of same geometrical configuration. The present virark been carried out with turbulent flow (Re nuntbage

of 3,000-18,000) as most of the flow problems ilustrial heat exchangers involve turbulent flowioeg

2. EXPERIMENTAL WORK

2.1. Experimental Setup

The apparatus consists of a blower unit fitted vétipipe, which is connected to the test sectioatéat in
horizontal orientation. Nichrome bend heater eredabe test section to a length of 50 cm. Fountbeouples
T2, T3 and T4 at a distance of 11 cm, 22 cm, 33armd 44 cm from the origin of the heating zone are
embedded on the walls of the tube and two thermuesiare placed in the air stream, one at the recerér 1)
and the other at the exit (T5) of the test sediiomeasure the temperature of flowing air as shiowig. 1.

The pipe system consists of a valve, which contifedsairflow rate through it and an orifice meterfind the
volume flow rate of air through the system. Thentbter of the orifice is 1.4 cm and coefficient ifatharge is
0.64. The two pressure tapings of the orifice materconnected to a water U-tube manometer toatelithe
pressure difference between them. Input to heategiien through dimmer stat. Display unit consists
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voltmeter, ammeter and temperature indicator. Titmuit was designed for a load voltage of 0-220with a
maximum current of 10 A. Difference in the levefsnmanometer fluid represents the variations inftbwe rate
of air. The velocity of airflow in the tube is measd with the help of orifice plate and the wataanometer
fitted on board.

2.2 Procedure

Air was made to flow though the test duct by meahblower motor. A heat input of 60 W was giventhe
nichrome heating wire wound on the test duct bustitjg the dimmer stat. The test duct was insulatedder

to avoid the loss of heat energy to the surroundifigermocouples 2 to 4 were fixed on the test serfand
thermocouples 1 and 5 were fixed inside the pige feadings of the thermocouples were observed &er
minutes until the steady state condition was a&deWnder steady state condition, the readingdl dfie five
thermocouples were recorded. The experiments vegreated for different channels viz., rectangulast avith
continuous V- shaped ribs and rectangular duct wliigtrete V- shaped ribs. The fluid properties were
calculated as the average between the inlet andutiet bulk temperature. Experiments were caroad at
constant heat input and constant mass flow ratelfthe three test ducts.

Fig. 1 Experimental Set-up

Air

Fig.2 Continuous and Discrete internal V-shapes @bnfigurations on upper and lower surface ofaregtilar duct
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3. DATA REDUCTION
The data reduction of the measured results is suinadbin the following procedures:

The heat transfer coefficient for the “i” wall segnt was calculated using the net heat input tavidde the wall
temperature and the bulk mean temperature as

h=0/ Asi(Twi- Tb) (1)

The actual heat going into the duct is given byah@unt of power supplied which is the product oltage
applied and the current flowing in the circuit msnihe amount of heat loss from each plate. Thébllexeaters
were assumed to supply uniform heat to all thedasts. The heat loss from the test section tetineounding
was calculated experimentally by conducting a wevftondition. The heat loss to the surrounding feasd to
vary between 5-15% for various Reynolds number. iMagor heat loss was found to occur through thekthi
wired copper thermocouples installed in each wedinsent.

The Nusselt number was normalized using the Nussetber correlation for a fully developed flow in
a smooth duct. The relative uncertainty on Nussamber was found to be 5%.

Nu / Nu, = (hDy/ K) [0.023 Re”® Pr% (2)
All the temperatures were measured using the thesopes. The bulk mean air temperature at the amdtthe
exit was measured using the thermocouples and ulkerbean temperature at the end of each test dast w
calculated using the formula given by

Toout=Toint 0/ (MG) (3

The pressure drop measured with a micro-manometess the test sectipwas used to calculate the friction
factor. The relation between pressure drop antdridactor is given by

. 2
AP = e pu (4)
=" Friction d 2
Pipe
The fiction factor is normalized by Gnielinski edjoa
f, =[0.79 In (Rey)- 1.64]° (5)
The correlation for thermal performance is given by
TP = (Nu / Ny)/ (flf)) *® (6)

4. RESULT AND DISCUSSION

Heat Transfer Distribution for smooth rectangular duct, rectangular duct with continuous V- shaped ribs
and rectangular duct with discrete V- shaped ribs:

The Nusselt number was found to increase with agirgy Reynolds number. The reason attributed ® thi
behavior is as Reynolds number increases the embuhixing is enhanced in the channel, which lefads
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effective removal of heat. However, the Nusselt banratio, which is obtained by normalizing the raxge
Nusselt number with the fully developed turbuldotif in smooth test tube correlated by Dittus Baelteas
found to decrease as shown in Fig 3.

In the case of smooth test duct the variation o§s¢it number ratio with increasing Reynolds nunibefery
small as there is no flow separation and reattaalsrie this case and so Reynolds number does et dnay
effect on the heat transfer augmentation. Therefihie Nusselt number ratio for all four Reynoldsniner
follow a similar trend. The Nusselt number ratioswaund to be highest for the lowest Reynolds nunatmel
lowest for the highest Reynolds number. It was tbtmvary between 2.15 and 1.1 along the axiactioe.
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Fig.3 Effect of Reynolds Number on Heat Transfestiibution for Smooth Rectangular duct

The heat transfer augmentation for rectangular @ikt continuous V- shaped ribs was found to insechy
factor of 1.7 to 2.1 in comparison to the smootitargular duct and by a factor of 1.06 to 1.20amparison to
the rectangular duct with discrete V- shaped rili® increase in heat transfer coefficient is atted to the
induction of cross-stream secondary flow, whiclulissin better turbulent mixing.
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Fig.4 Effect of Reynolds Number on Heat Transfestiifbution for Rectangular duct with continuoussitaped ribs
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Fig.5 Effect of Reynolds Number on Heat Transfestiilbution for Rectangular duct with discrete Vapkd ribs

Friction Factor Characteristics for smooth rectangular duct, rectangular duct with continuous V- shaped

ribs and rectangular duct with discrete V- shaped ribs:

The friction factor ratio was found to increasehniiticrease in Reynolds number due to the resistaffiered to

the flow of fluid. The heat transverse augmentati@as found to vary between 1.5-2 for the rectangdiat
with discrete V- shaped ribs and 2-2.5 for the aegular duct with continuous V- shaped ribs. This
enhancement in both the cases was accompaniedebguype drop penalty of 1.5 to 3 on the rectangiliat
with discrete V- shaped ribs and 3 to 4 on thearggtilar duct with continuous V- shaped ribs. Thetargular
duct with continuous V- shaped ribs produced 20d#®% higher pressure drop when compared to the
rectangular duct with discrete V- shaped ribs li@er ¢complete range of Reynolds number investigated.
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Fig. 6 Average Friction Factor Ratio versus Reyadldimber for Various Configurations
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Thermal Perfor mance:

Thermal performance for the plate with internabrid drawn as below in fig. 7, shows that therneafgrmance
is increasing with increase in Reynolds number. tBatthermal performance for rectangular duct widcrete
V- shaped ribs is poor as compared to the rectanglict with continuous V- shaped ribs. This is dugre
turbulence and strong vortex formation in rectaagdiuct with continuous V- shaped ribs. Also iteefs that
thermal performance of rectangular duct with camdiis V- shaped ribs is more than one which meaplyiag
continuous V- shaped ribs is beneficial to increasat transfer enhancement.

1.4

s ﬁ
E 1 *
E
o __f——f'
E 0.8 —s—continuous Y-zhaped ribs
% 0.& .//-"/l/ —a—discrete Y-shaped ribs
E 0.4

0.2

a r r T
3000 8000 12500 15600
Re

Fig. 7 Variation of Thermal Performance with ReyteoNumber for Various Configurations
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