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ABSTRACT

The development of high-performance thermal systdmas
stimulated interest in methods to improve heatsfiem Tubes
with artificial roughness obtained by providing giles on the
tube surface are competitive in comparison to perémce and
cost of other enhanced techniques currently empglayéurbulent
flow.

In this study forced convection heat transfer ctimristics
from dimpled tube has been investigated experintignt@he
effect of variation in dimple diameter and dimpleaagement
(inline and staggered) has been investigated fom&ds No
range 12000 to 26000 dimpled tube. Additionally #ffect of
variation in dimple tube and diameter on pressuop dcross test
section has also been investigated. This invegtigatas carried
out to observe if the use of dimples on tube camapoe heat
transfer characteristics without severe penalteaated with
pressure drops for turbulent flow.

The results show that heat transfer enhancemerar docted
convection can be achieved by using dimple tubeke T
enhancement in convective heat transfer coeffiaggobserved as
18% and in Nusselt number as 22 % as comparedphath tube
for same Reynolds number. The thermal performaramtor
values for the staggered dimpled array geometryewsore than
corresponding inline dimpled array geometry in fReynolds
number range studied.

KEY WORDS:Dimple tube, Heat transfer enhancement,
Forced convection, Thermal performance factor.

NOMENCLATURE

Re Reynolds number

Pr Prandtl number

Thermal Conductivity

specific heat at constant pressure
Veloity of air

Density of air

Kinematic viscosity

Diameter of tube

Length of tube

Temperature

Pressure drop

Area of tube

Heat transfer coefficient of dimple tube
Heat transfer coefficient of plain tube
Friction factor of dimple tube

Friction factor of plain tube

Nusselt number of dimple tube
Nusselt number of plain tube
Enhancement efficiency

Thermal performance factor
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1.0 INTRODUCTION

The enhancement of heat transfer is an importart gfathe
subject thermal engineering. The heat transfer fsarfaces may
in general enhanced by increasing the heat traosffficient or
by increasing the heat transfer area of the equipme

The need to increase the thermal performance dapegunt,
thereby effecting energy, material & cost savingwehled to
development & use of many techniques termed as tiaasfer
Augmentation. These techniques are also referréteastransfer
Enhancement or Intensification. Augmentation tegbes
increase convective heat transfer by reducing éneibl
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resistance in aequipment.

Use of Heat transfer enhancement techniques leattease
in heat transfer coefficient but at the cost ofr@ase in pressure
drop. So, while designing a heat exchanger using @nthe
techniques, analysis of heat transfer rate & presdwp has to
be done. Apart from this, issues like long termf@enance &
detailed economic analysis of heat exchanger hdeetstudied.
To achieve high heat transfer rate in an existinghew heat
exchanger while taking care of the increased puggower,
several techniques have been proposed in recers. yea

Other studies have introduced shape modificatignsutting
some materials from fins to make cavities, holkst, grooves or
the channels through the fin body to increase treatsfer areas
and or the heat transfer coefficient. One populeat Hransfer
augmentation technique involves the use of roughterrupted
surfaces of different configurations. The concedpheat transfer
through dimpled tube is one method of improving theat
transfer characteristic in the forced convectioronthuous
research is going on to improve its effectivenessdulucing the
thermal boundary layer thickness and increasindhtfa transfer
surface area.

2.0 LITERATURE SURVEY

Over the past couple of years the focus on usimgaaties or
dimples, to provide enhanced heat transfer has deeamented
by a number of researchers. It is evident fromistuthat the use
of dimples not only provides enhanced heat tranisterit can
overcome most of the drawbacks of the other metleogsioyed
for augmenting heat transfer. Studies by variosearchers have
repeatedly yielded heat transfer enhancement ca@bijgato ribs
with pressure losses of almost half that experigéncaler the use
of ribs, and even reduced drag coefficient in sea®es. In using
dimples the extended surface is indented insteagratfuding
into the flow due to which there is a considerakelduction in the
pressure penalty. The heat transfer enhancemenidptb by
dimples is comparable to most rib tabulators bighsly less than
some of the complex broken rib configuration. Besidthe
cooling enhancement and low pressure drop, dimpheke
manufacturing easier and help reduce the weighhefcooling
system which is of critical importance.

Johann Turnowet alinvestigatedVortex structure and heat
transfer enhancement mechanisms of turbulent flover ca
staggered array of dimples in narrow channel. Theiogs on
dimpled surfaces are created inside of concaveieayireventing
a blockage of the channel and keeping the additi@séstance at
a minimum. Its formation was in the focus of mamydges, but
unfortunately, main attention has been paid to tiaweraged
values whereas the flow structures within the éasitand their
contribution to the heat transfer mechanism renssih unclear
and are not completely understood. Especially him turbulent
range and at large ratio of dimple depth to dingilemeter h/D
the flow is complicated. Since the form of vorteasha strong
impact on heat transfer. The objective of this gtigdto clarify
the role of the vortex formation with respect te theat transfer
on staggered arrangement[1].

Yu Raoet al.conducted experimental study to investigate the

pressure loss and heat transfer in the pin-fin tBrapannels with
various dimple depths, where dimples are locatetherend wall

transversely between the pin fins. Compared tobtee line pin
fin channel, thepin fin-dimple channel have furtiraprovedthe
performance by up to 19.0%.Also got the results #fellower
dimple gets lower friction factor [2].

C.Biet al studied mini channel heat sinks with dimples and
cylindrical grooves. Studies on the heat transfdraacement are
mostly focused on the Nusselt number and flow t@see
coefficient which do not completely explain the magism of
heat transfer enhancement related to fluid temperaand its
velocity. Good behavior of system can be predidigdrelocity
field and temperature gradient. Hence it is nunadsicstudied by
using synergy principle. The results show that déemgurface
represents highest performance of the heat trapstesncement;
performance of cylindrical groove slightly lower caow fin
surface presents lowest performance. Performanadu&ion
plots are put forth to give most favourable dimglrictures for
the heat transfer [3].

S.A. Isaeet al studied detailed numerical study of heat
transfer enhancement by spherical dimple placedarrow
channel. Flow topology studied at different Reysoldo and
influence of dimple depth to diameter ratios. Stgdye the deep
insight in flow physics over dimple surfaces andagdsenchmark
for validation of numerical and experimental methoid revelled
the increase in Reynolds no over the range coreidécal
changes in the flow structure and in the zones lefation
relatively reduced heat flux [4].

Jonghyeok Lee, Kwan-Soo Leestudied the friction factor
and Nusselt number in a plate heat exchanger viitiplds and
protrusions according to geometric and operatinglitons. The
numerical results of a steady-state laminar modiettfe laminar
region and a steady state d&-turbulence model for the turbulent
region were in good agreement with an unsteadyysisal For
efficient analysis, a correlation for the critidtynolds number
was derived as a function of the geometric parameteriction
factor and Nusselt number correlations were alsovel® as
functions of various geometric parameters. In stigly, steady-
state analysis was conducted using the SSTwkturbulence
model to find the friction factor and Nusselt numlie a heat
exchanger with dimples and protrusions [5].

SominShiret al Investigated effects of dimple arrangement
and channel height on the heat transfer coefficithe sphere
type dimples were fabricated, the diameter (D) teddepth of
dimple was 16 mm and 4 mm, respectively. Two chiheights
of about 0.6D and 1.2D, two dimple configurationsrevtested.
The Reynolds number based on the channel hydrdidimeter
was varied from 30000 to 50000. As the Reynoldseiased, the
overall heat transfer coefficients also incread#ith the same
dimple arrangement, the heat transfer coefficiantsthe thermal
performance factors were higher for the lower clehheight. As
the distance between the dimples became smalteovérall heat
transfer coefficient and the thermal performanatdis increased
[6].

Yu Chenet al Investigated heat transfer in turbulent channel
flow over dimpled surface. Both symmetric (and sffad) and
asymmetric dimple with different depth ratios (h/DCgre
considered for Reynolds numbers (based on bullcitgland full
channel height) between 4000 and 6000 while Prandtiber Pr
is fixed at 0.7. It is found that the optimum dimponfiguration
for enhancing heat transfer measured in terms efviblume
goodness factor is obtained for the case of asynmoméimple
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with a depth ratio of h/D = 15% .The heat transfer capacity in
terms of Nusselt number is significantly increased, while the
associated pressure loss is kept almost to the same level as the
symmetric dimple with the same depth ratio. The study also
suggested that the heat transfer enhancement is closely related to
ejection with counter-rotating flow, intensified secondary flow
and vortex structures at the downstream rim of asymmetric
dimple. All these findings suggest that a carefully designed
asymmetric dimpled surface presents a viable means of enhancing
heat transfer compared to the symmetric dimple [7].

3.0 DESIGN AND DEVELOPMENT OF
EXPERIMENTAL SETUP

The schematic arrangement of the experimental set up is as
shown in figure 1 and actual photograph of experimental set up as
shown in figure 2. The experimental setup consists of the
components such as RTD’s, Temperature Indicator, Heating
element, an arrangement to vary the heat input, pipe, Stand and
Hanger, control valve, Orifice plate etc.
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Figurel: Schematic layout experimental setup.

Figure 2: Photograph of experimental set up at workshop

3.1 Test Tube

This stage of work concentrates on developing the dimpled tube
with circular shapes with different diameter of perforation.
Thermal performance of the dimpled tubes will be compared with
the plain tube. The plain tube and dimpled tubes with variation
inthe diameter of circular dimples are as shown in figure 3. 25
mm (ID) Copper Tubes, 500 mm length, Total Four tubes out of
which one with dimple diameter 4 mm, depth 4 mm and inline
arrangement and other with staggered arrangement , other two
tubes with§ mm diameter and depth 4 mm with
inlinearrangement and other with staggered arrangement..Material
for plate is copper. These materials are selected considering the
thermal properties, manufacturing feasibility.

Figure 3: a) Circular dimples with diameter of 4 mm and
depth of 4 mm-Inline arrangement
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Figure 3: b) Circular dimples with diameter of 4 mm and
depth of 4 mm-Inline arrangements
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Figure 3 c¢) Circular dimple with diameter of 4 mm and depth
of 4 mm- Staggered arrangement
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Figure 3: d) Circular dimples with diameter of 8 mm and
depth of 4 mm-Inline arrangement
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Figure 3: g) Photograph of the tube with staggelietples

3.2 Test Methodology

In order to Experimental Evaluation of heat transfeefficient

through vertical heated roughened surface, it le@n lwecided to
vary the mass flow rate of air to for Reynolds nemin the range
of 12000 to 26000. Readings are taken at steady. steater is
placed on the dimpled tube to heat the tube. Tlseatbtemp is
achieved by varying the voltage & current. Wholattset up is
mounted horizontally. Voltage supplied is variedhathe help of

dimmerstat.

Experimentation was carried on the circular tubevatous

patterns of dimples. All

the necessary componentsrew

assembled and experimental set was developed. &bessary
instruments were attached at correct configuratiot the set up

Friction factor fis as per Moody's chart

5.0 RESULTS AND DISCUSSION

The effect of Inline and staggered arrangementrapbes on the
heat transfer characteristics are presented instefnboth local
and relative mean Nusselt number and heat trangédficient for
plane dimpled tubes to the corresponding onesifoplgd tubes
at the same Reynolds numbers. The local heat ganséfficient
and Nusselt number is calculated by varying surfaiceibe by

considering location of thermocouples.

5.1Variations in Nusselt number with Reynolds Numbe for

Plain and dimpled tubes

Table 1: Nusselt number for various dimple tube

is ready for the experimentation.

4.0 FORMULAES USED FOR CALCULATION

In the present work air is used as test fluid owkd through a
uniform heat flux andinsulated tube. The steadjesth the heat
transfer rate is assumed to be equal to the heatitothe test
section which express as Formulas used for caloolare as

under.

Qair = Qconv (1)
Qair = mCp\T 2)
Qconv = hATmean 3)

Nusselt number
Reynold
number | Plane | Inline Stri%ge Inline Stg%ge
Tube a4 @4 a8 @8

12912 27.52 29.92 31.76 33.92 35.37
18174 31.24 32.84 34.9 37.28 39.38
22215 34.82 35.80 38.36 40.70 43.36
25649 35.74 36.58 38.94 41.66 44.60

From the table 1 we observe that the enhancemeustelt
number in the dimple tube Staggered @ 8 arrangeisemtore
when compared with plain tube, the same is platiefigure for
different Reynolds number as shown in Figure4.
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Figure 4: Variations in Nusselt number with Reyrsotdimber for
different dimpled tubes

5.2Variations in heat transfer coefficient with Reyolds
Number for Plain and dimpled tubes

Table 2 and figure 5 shows the heat transfer aoefft for
different Reynolds number for plane and dimple tube

Table 2: Heat transfer coefficientfor various dimpibe

Heat Transfer coefficient
Reynold
number | Plane | Inline Sta%g Inline Stagge
Tube | @4 | &€ @8 re
a4 a8
12912 30.49 33.15 35.19 37.59 39.197
18174 | 34.91 36.68 38.99 41.65 43.99
22215 39.32 40.43 43.33 45,96 48.97
25649 40.69 41.65 44.33 47.43 50.777
60 -
50 -
40 - , :
[ === Plane tube
<30 A
=== nline 4
20 Staggered 4
10 - === |N|ine 8
=== Staggered 8
0
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Figure 5: Variations in Heat transfer coefficienithvReynolds
number for different dimpled tubes

Figure 5 shows the heat transfer coefficient iroeeawith
increase of the Reynolds number, also the heatfeanoefficient
of the tubes with dimples is more than the plalretu

5.3Variations in Thermal performance factor with Reynolds
Number

Tabe 3 shows theomparison for Nusselt number and friction
factor for different dimpled tube as compared plaipe. It shows
that there is increase of Nusselt number as wdticon factor.

Table 3: Table for comparison of Heat transfer ficieht
&Nusselt number with plain tubefor different Reyi®ihumber

Nu/Nu0 & f/f0
Inline Staggered Inline Staggered
Re a4 @4 28 28

N o | N | o | N | o | N o
12912 | 1.08| 1.04| 115 109 123 115 128 1)]18
18174 | 1.05| 1.02| 1.113 1.04 1.1p 107 1.26 0)97
22215 1.02| 1.01] 110 104 115 106 124 085
25649 | 1.02| 1.02| 1.08 1.02 115 1.04 124 082

Table 4: Table for comparison of Thermal perfornefactor for
different dimpled tubes for Renolds number

Thermal performance factor (TPF)
Reynolds

number Inline | Staggered| Inline | Staggered

a4 @4 @8 @8
12912 1.016 1.119 1.175 1.217
18174 1.022 1.100 1.165 1.270
22215 1.045 1.087 1.146 1.313
25649 1.075 1.080 1.150 1.332
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Figure 6: Thermal performance factor with Reynaidsnber for
different dimpled tubes

Figure 6 and Table 4 shows the variation of rrifa
performance factor with Reynolds number. Theerntal
performance factors for the dimple tube tenihtwease with
increasing Reynolds number. Also the tube with gtagd array
& large dimple diameter the thermal performancédiars more.

6.0 CONCLUSION

In this study forced convection heat transfer cti@ristics from
dimpled tube has been investigated experimentahg effect of
variation in dimple diameter and dimple arrangenierine and
staggered) has been investigated for Reynolds nurnbé¢he
range of 12000 to 26000. The whole experimentatias been
carried out under turbulent flow condition.This @stigation was

carried out to observe if the use of dimples oretaan enhance

heat transfer characteristics without severe piesakissociated
with pressure drops for turbulent flow.
The following conclusions were drawn from this stud

1. Heat transfer enhancement under forced convectan c

be achieved by using dimple tubes. It is also ofeskr

that staggered array facilitates higher heat teansf

augmentation when compared to the inline array.
2. The enhancement in convective heat transfer cosffic

is observed as 18% and in Nusselt number as 22 % as
compared with plain tube for Reynolds number 12000

to 26000.
Larger dimple diameter shows higher enhancement.
The thermal performance factor values for the stee)

Pw

dimpled array geometry were more than corresponding
inline dimpled array geometry for Reynolds number

12000 to 26000.

Thus, the dimpled surface on the tube was founehteance
heat transfer over a plain tube surface for tumtudérflows. The
staggered dimpled array geometry proved to giveteebthermal
performance than the inline dimpled array.
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