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Abstract
The prime objective of present work is to studyegrpentally the heat transfer enhancement throuifferént circular diametrical
dimple surfaces in longitudinal and lateral diramts. In this paper horizontal rectangular platesSi&inless Steel and Galvanised
Iron with different circular diametrical dimplesike 11mm , 14mm ) for in-line arrangements weréistliin forced convection with
varying laminar external flow condition. The varfoparameters considered for study are Reynolds Mymlusselt number, Prandtl
Number, Co-efficient of Friction, Heat transfer ffiia@ent and heat transfer rate for a constant Pddmumber (0.698) It has been
found that the heat transfer coefficient and heandfer rate increases for various dimple surfaaescompared to plane surface. It
has been also found that the heat transfer coefficand heat transfer rate increases along longitaddirection as compared to
lateral direction. And it is seen that heat transfate is maximum for larger diameter (14mm) of plienFor circular dimples, heat
transfer enhancements (relative to a flat platejen@bserved for Reynolds number range from 35G 5

Index Terms. Dimple plates, Forced Convection, Heat transfer &mdement

*k%k

1. INTRODUCTION observed that at all Reynolds number as depth asesefrom
0.2 to 0.3, the number and thermal performancesasas and

The importance of heat transfer enhancement hasedai then after when depth increase from 0.3 to 0.4 mtired

greater significance in such areas as microeleictroooling, Nusselt number and thermal performance decreaseh.

especially in central processing units, macro anctarscale Grenard : et al[3] presents the numerical studjopered with

heat exchangers, gas turbine internal'airfoillcrtg)lifuel the CEDRE code, developed at ONERA, to predict heat
elements of nuclear power plants, and bio mediealcgs. A transfer on a dimpled surface placed on one wallaof

tremendous amount of effort has been devoted teldging rectangular channel. Various models of turbuleneetested
new methods to increase heat transfer from finethsa to on three basic configurations. Nikolai Kornev [4Jonex
the surrounding flowing fluid. Rib turbulators, array of pin structures and heat transfer enhancement mechainisen
fins, and dimples have been employed for this paEpd\ turbulent flow over a staggered dimple array in arow

variety of experimental, analytical and Numericakaarch channel have been investigated using Large EddylStian
work has been carried out on augmentation of heaster. . (LES). Shinichi Kogusu et al [5] Heat transfer dasénts
Over the past couple of years the focus on usingpleis on were measured in a channel with one side dimplethca!
surface for intensifying the heat transfer has ls@wrumented The sphere type dimples were fabricated, and taeelier (D)
by many researchers. A variety of Experimental,l\dital and the depth of dimple was 16 mm and 4 mm, reiségt
and Numerical research work has been carried out on T4 channel heights of about 0.6D and 1.2D, two pkm
augmentation .of heat transfer. Kuethe [1] wadfitlsesuggest configurations were tested. Johann Turnow [6] €ddihe
the use of dimple surface for heat transfer entramoe flow structure within a two-dimensional sphericality on a
Surface dimples are expected to promote turbuléringin flat surface, numerically and experimentally. Thsyserved
the flow and enhance the heat transfer, as thepveehs a that the recirculation zone formed inside the gasiightly

vortex generator. Sandeep S. Kore & Narayan K.5&neas reciprocate around itself. Mahmood and Ligrani §Tialyzed
carried out experiment to study heat transfer amctidn experimentally the influence of dimple aspect ratio

coefficient by dimpled surface with the aspect aaof temperature ratio, Reynolds number and flow stmestin a
rectangular channel is kept 4:1 and Reynolds nurbased on dimpled channel at Reynolds number varying from 660
hydraulic diameter is varied from 10000 to 4000Beyf were

Volume: 02 Issue: 07 | Jul-2013, Available @ httgwww.ijret.org 168



IJRET: International Journal of Research in Engineaing and Technology elSSN: 2319-1163 | pISSN: 2321-7308

11,000 and H/D ratio varying as 0.20, 0.25, 0.5 afid. The
results showed that the vortex pairs which weréogearally
shed from the dimples become stronger as chanrighthe
decreases with respect to the imprint diameter.

2. EXPERIMENTAL PROCEDURE

The experimental set up for present study is shdle.set up
mainly consist of heater with capacity of 200 waBémmer
stat, Digital temperature, voltmeter, and Ammeté&hw type
Thermocouple, Valve for air regulation, Orifice met U tube
manometer, Air blower The test plates were plamedieater
in a rectangular duct closed from both the sides.inlet and
outlet ports are provided for air inlet and outlat.constant
heat is supplied through dimmer stat to heater. fhiws
parallel to the dimpled test surface. The platadraa fixed at
the bottom of the test plate, and was connectegower
socket through dimmer stat. Dimmer stat readingewaried
to give the required heat input to the test pl&@aly top
dimpled surface of the test plate was exposedga@thstream
from which the convective heat transfer to thestieam takes
place. After reaching a steady state the inlet andet
temperature of air with surface temperature of epland Fig 1: Experimental Setup
dimples were measured with the help of thermocouple

Similarly for varying air flow rate (100% , 75%, B0air flow

rate ) the corresponding reading where taken.

2.1 Test plates

95MM

135MM
135MM
Circular dimple 11mm diameter Circular dimple 14mm diameter

Fig-2: Different circular diameterical dimpled surface

The two different circular diameterical dimples wersed for 2.2 Data Reduction
present study. Figure shows different dimple s@faon
rectangular plate of size 95mm x 135mm. circulangle of
dia 11mm and 14mm were used.

The study is carried out under forced convectianeiternal
laminar flow condition. Steady state value of ttatg and air
temperatures in the channel, at

The depth of all the dimples is kept constant arddsnples
on each plate with inline arrangement were usedshasv A) Reynolds ‘r)Lumber
above. Re ==

V = is the mean velocity of the air inside the donés
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L =is the length of the test plate in metel
I/ = Kinematic Viscosity at film temp in¥'s.

B) Nussult number
Ny = 0.664 * R,*® x p03333

Re = Reynolds number
Pr =Prandtl Number

C) Heat Transfer Co-efficient
Q _  NuxKair
- L

Kair= Thermal Conductivity of air at film ten

D) Rate of heat transfer
Q=hA (TsTy)

Q= Average heat transfer rate in W

The Orifice consist oDrifice plate of 4mm hollow diamet
and whose co-efficient of discharge is 0.64

3. RESULTS AND DISCUSSION
3.1 RESULTS FOR G.I PLATE

Table 2=Result for 11mm dimple d

AIR 100% 75% 50%
FLOW | FLOW FLOW FLOW
RATE RATE RATE RATE

Re 532.947 457.0286 | 365.8480
Cf 0.0575: 0.06211 0.6968
Nu 13.5994. 12.5935 11.26733
Pr 0.6982¢ 0.698255 | 0.698221
w/im?2°C | 2.7768( 2.6149 2.3456
w 0.95912 0.94755 0.86628

Table 3=Result for 14mm dimple d

Table 1=Result for plane G.! pla AIR FLOW | 100% 75% FLOW | 50% FLOW
RATE FLOW RATE RATE
AR 100% 75% 50% RATE
FLOW FLOW FLOW FLOW
RATE RATE RATE RATE Re 531.327. | 455.2630 364.2045
Re 538.2222 459.7859 369.477
Cf 0.057612: | 0.062239 0.069586
Cf 0.05724 0.06193 | 0.0690¢
Nu 13.6691 12.6325 | 11.324: Nu 13.5796 12.56861388 11.2427
P 0.69843 0.69843 | 0.6984.
' Pr 0.69817' | 0.69815 0.6981334
w/m?°C 2.8300 2.6107 | 2.344:
w/m?°C 2.8303! 2.565859 2.345695
w 0.8710 0.8203 | 0.751"
W 1.0312: 0.952481 0.90046
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3. 2 RESULTS FOR STAINLESS STEEL PLATES

Table 4= Result for plane SS plate

AIR 100% 75% 50%
FLOW FLOW FLOW FLOW
RATE RATE RATE RATE
Re 535.2080| 464.8100 369.3255
Cf 0.05742 | 0.06159| 0.06910
Nu 13.6292 12.7032 11.3226
Pr 0.69841 | 0.6985 0.6934
wim?2°C 2.8227 2.6206 2.3441
w 0.9130 0.8403 0.81106
Table 5= Result for 11mm dimple dia
AIR 100% 75% 50%
FLOW | FLOW FLOW FLOW
RATE RATE RATE RATE
Re 533.8050| 459.8146| 367.8046
Cf 0.05747 0.06193 0.06924
Nu 13.6103 12.6339 11.2991
Pr 0.69825 0.69835 0.69831
w/m?°C | 2.8308 2.6212 2.3467
w 0.9416 0.8799 0.8067

- 100% FLOW RATE
RAT_ 3
2
w
Re |T 2.8
L
o
Cf |S26
Nu g
Q2.4
Pr §
C 2.2
| <
wim? ‘£
2
PLANE PLATE __ 11MM DIA 14 mm DIA
W m STEEL m Gl
[ [ [ |

Table 6=Result for 14mm dimple dia

From the figure 4,5,6 we can see the graph plaitain the
heat transfer coefficient vs different dimpled déer is show.
As we can from the figures the heat transfer coieffit
decreases with decrease in Air flow rate.

As we can see from figure 4 heat transfer coefiiicies
maximum as compared with the figure 5 and 6 andimax
in case of steel.

Fig 4
If we compare the figure 5 with figure 4 the heatnsfer

coefficient decreases but the heat transfer caefiigs greater
in steel as it is compared with Gl plate.
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75% FLOW RATE

HEAT TRANSFER COEFFICIENT

14 mm DIA

PLANE PLﬁTESTEELl:lMM DI'&I

Fig 5

From the figure 6 we can notice that heat taransdéz is
minimum at 50% flow rate because due to decreaa& ffow
rate heat transfer rate decreases.

50% FLOW RATE

2.8

2.6

24

2.2

HEAT TRANSFER COEFFICIENT

PLANE PLAJESTEE:IL1NWI DIAGI 14 mm DIA

Fig 6

Heat transfer coefficient is observed in the ramge2-3
w/m2°C

From the figure 7,8,9 we can see the graph plattgdnst co-
efficient of friction vs different dimpled diameteAs we can
see from the above figure that co-efficient oftfan increases
with decrease in air flow rate

From the figure 7 we can see that the coefficidritiction is
low as it is compared with the figure 8 and 9. @ficient of
friction increases with decrease in air flow rate.

100% FLOW RATE

o©
o
N

o©
o
)

©
o
=

CO-EFFICIENT OF FRICTION
o
o
G

14 mm DIA

PLANE P%TETEEI}IMM Déﬁ

Fig 7

From figure 8 we can see that co-efficient of fdotincreases
if it is compared with the figure 7. Here the cdi@ént of
friction is maximum in case of G.I due to its seda
roughness.

.o 75% FLOW RATE
2
o
G
E0.06
S
-
Z0.05
S
i
oy
So0.04
PLANE PLATE r:1LMM DA 14 mm DIA
Fig 8

From the figure 9 we can see the maximum co-efficie
friction. Due to decrease in air flow rate co-afit of friction
increase and is greater in case of G.| as it ispeoed with
Steel.

oo . 50% FLO TE
o
E 2z
Zo
o 1.06
= 0
ol
|.|IJ ('
8 0.5

0.04

PLANmPCAEEL MMM @IA 14 mm DIA
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Fig 9
Co-efficient of friction is observed in the range00055-0.07
Cf

From the fig 10,11,12 we can see the graph plosggin
Nusselt number VS different dimpled diameter isvemoAs
we can that the Nusselt number decreases with aleeia Air
flow rate.

From 10 we can see that the nusselt is at its btgheak as it
is compared with the othere two graph.

100% FLOW RATE
15
S
213
i
o
211
2
- 9
w
a7
o]
2
5
PLANE PLATE 11MM DIA 14 mm DIA
W STEEL
Fig 10

From the figure 11 we can see that the nusselt pumb
decreases with decrease in Air flow rate as ibimgared with
the figure 10.

75% FLOW RATE

2 13
[« 4
o 11
S
- ]
2 9
]
w
Q 7
]
2

5

PLANE PLATE 11MM DIA 14 mm DIA
m STEEL ®m Gl
Fig 11

From figure 1'2 we can see that the Nusselt nuniber
minimum as it is compared with the figure 10 and 11

50% FLOW RATE

[EnY
(6]

(u)

=
=

NUSSELT NUMBER
~ ©

PLANE PLATE 11MM DIA 14 mm DIA
m STEEL m Gl

Fig 12

The Nusselt number obtained is in between the rahgé-14
Nu.

CONCLUSIONS

From thepresent study the following conclusion were made:

e ltis found that the heat transfer rate is moredianpled
surfaced plate when compared with plane platesh(bot
for Stainless Steel and G.I) irrespective of their
diameters.

e ltis concluded that the maximum heat transfer watie
takes place in largest diameter of the circular piéd
surface.

e It is found that the Nusselt number decreases with
decrease in air flow rate.

e The Nusselt number is maximum for Stainless Steel
it is compared with G.I

¢ Nusselt number is directly proportional to the Heat
transfer rate hence we can say that heat trarsfers
maximum in G.| as it is compared with the steel.

« Co-efficient of friction is inversely proportionaio
Reynolds number and the Co-efficient of friction
increases with reduction in air flow rate and cfieafnt
of frction is greater for G.1.

* The heat transfer coefficient is more for G.l adgsit
compared with Stainless Steel

e As it also concluded that heat transfer rate (Q) is
maximum in G.| plates as compared with Stainlesslst

* Heat transfer rate is directly proportional to Relgs
number , as the Reynolds number increases heat
transfer rate also increases.

¢ The Reynolds number obtained is in between thgeran
of 350 to 550.
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» Heat transfer co-efficient is maximum in G.| fortho
Steel and G.I at bigger diameter of dimpled surfeee
at 11mm dia.

Finally we can conclude that rate if heat transfereases
with increase in diameter of the dimple and is mmaxin for
largest dimple diameter
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