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ABSTRACT: In recent years, vortex generators
such as fins, notches, wings etc. have been
successfully used for heat transfer enhancement of
the modern thermal systems like dryers, electronic
equipments etc. The aim of present study is to
investigate Heat transfer coefficient in rectangular
plates using various shapes such as spherical
wings, tubular wings , bare plate using different
material such as Copper, Brass and M.S plates and
comparing the results using CFD Analysis and
developing Mathematical modeling of the results.
Therefore, a forced convection experimental setup
is to be built to study the various parameters such
as heat transfer coefficient, Reynolds number and
Nusselt number.

Keywords - heat transfer coefficient (h), the Nusselt
number (Nu), and the Reynolds number (Re).

INTRODUCTION

Various heat transfer enhancement techniques
are used such as fins, ribs, dimpled surfaces, and
protruding surfaces that generate vortices in a heat
exchanger. Heat sinks and heat exchangers are used
in many applications today and the most common
material used is aluminum because of its high
thermal  conductivity (205 W/m.K), low
maintenance and production cost, and less weight.
Copper is also used at times because of its very
high conductivity (400 W/m.K), but it is not
commonly used because it is heavy and costly,
Mild steel is approximately having (45 W/m.K).
Higher thermal conductivity of brass makes it ideal
for Heat Exchanger, (K of brass = 116 W/MK).

I EXPERIMENTAL SETUP

Fig (1) shows the Test Section part of the Setup
established and  consists  of  following
specifications:

Power supply / Controls | |
Data acquisition

Tl’_ 3 Flow meter|

Test Secfion ‘ l |

Outet duct

--------------------------------------- Pressure fransducer

Specimen  Rectangular plate

Figure 1: Test Section

2.1 Specifications

1. Blower — 1400 rpm

2. U-Tube Mano meter

3. P-type Thermocouples — 9 nos.

4. Dimmer stat 0-2 Amps, 230 V AC

5. Nichrome Heater plate: 1000 W

6. Duct — *Heat Pipe of diameter = 40 mm and
*length = 1200 mm, Test section 300 mm.
7. Voltmeter=0-200 V

8. Ammeter=0-2 Amp

9. Temperature Indicator

111 SPECIMENS
Fig (2), Fig (3) and fig (4) show the Rectangular

Plates with spherical and Tubular wings consisting
Copper, Brass and Mild Steel Material.
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Figure 2: Bare plate  Figure 3: Tubular wing
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VI. EXPERIMENTAL RESULT TABLE
Volt Mass
EX meter | Flow Mate . h 2
p. - Design (w/m Re Nu
No. (volts | rate , rial K)
) (kg/m?)
1 50 6.99 Cu Bare 0.036 | 2215 | 1.49
Figure 4: Spherical Wing 2 50 6.72 Brass | Spherical | 0.007 [ 229.1 | 1.54
1V. METHODOLOGY 3 50 6.95 M.S. Tubular 0.075 2258 | 152
1. Fit the specimen inside the duct which consists 4 & 695 Brass | Tubular 0018 | 2103 | 1.44
of a seven thermocouples on a duct to measure the 5 75 6.54 MS. | Bare 0077 | 2128 | 145
temperature at various points of ducts and
specimen. 6 75 6.32 Cu Spherical | 0.013 2156 | 1.46
2. Switching ON the supply and Switching ON the 7100 |63 M.S. | Spherical | 0.029 | 231.2 | 155
blower units and allowing the flow of air. 8 1100 | 658 Cu Tubular 10028 12087 | 143
3. Measure the flow of air through mano meter. 9 100 6.54 Brass | Bare 0.074 212.8 | 145
4. After attaining the steady stage note the
temperature (T1 to T9) at an interval of 10 minutes
VII. CFD MODELING

and tabulate it.

In this investigation a three-dimensional
numerical simulation of the conjugate heat
transfer was conducted using the CFD code

5. Repeat same procedure for other specimens also.

6. ICt(_)mﬁare ;he rgsu![t Ccl):fD tg\reel S_pECI;n(iES FLUENT. The CFD modeling involves
analytically and conduc nalysts 0 € numerical solutions of the conservation
same. equations for mass, momentum and energy
following the Equations.
V.  DESIGN OF EXPERIMENT ollowing the Equations
1. Continuity equation for an incompressible
. . flui
Table No.1 shows Design of the Experiment a,ﬂd )
according to L9 Orthogonal Taguchi Method. 6; + V.{pd) = 5m (1)
Sr | Input Level 1 | Level 2 | Level 3 2. Conservation Of momentum
No | Parameters By o _
—+p@V)E = Vptpg+ Vaij+F (2)
1. | Voltmeter 50 V 75V 100 V .
Vs Ti 3. Conservation of Energy
ass flow rate .- o
2. | (kglsec) 6.32 6.58 6.99 b= (D +TE(E: p)}zV{KeffVT—Em (7 3]+ 5t )
3. | Material Copper | Brass M.S
4, De5|gn of Bare Spheric Tubular
Specimen al
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VIIl.  CFD RESULT TABLE
E:) | h (w/m’K) Re NU
1 | 0.038 23423 | 1.58
o | 00098 23818 | 1.62
3 | 0083 22236 | 1.59
4 | 0017 20352 | 1.36
5 | 0075 22127 | 14
6 |0014 22596 | L4
7 | 0028 24149 |17
g |00 19846 | 151
g | 0057 20116 | 153

IX. CONCLUSION

Comparing both Experimental and CFD Results we
come to the conclusion that

% variation

Sr h

No. | (wim?K) | € Nu
1 -5.6 -5.7 -6.0
2 -40.0 -4.0 -5.2
3 -10.7 15 -4.6
4 5.6 3.2 5.6
5 2.6 -4.0 3.4
6 -7.7 -4.8 4.1
7 34 -4.5 -9.7
8 -14.3 4.9 -5.6
9 23.0 5.4 -5.5

1. Experimental and CFD Results for

Heat

Transfer Coefficient and Reynolds number are

same

2. Nusselt number varies for both experimental and

CFD

Results with minor error.

REFERENCES

(1]

[2]

Wisam Abed Kattea, An Experimental Study on the
Effect of Shape and Location of Vortex Generators
Ahead of a Heat Exchanger. , Department of Machines
and Equipment Engineering /University of Technology,
received 15 September 2011; accepted 30 January 2012).
M. Mirzaeil and A. Sohankar2, Heat Transfer
Augmentation In Plate  Finned Tube Heat Exchangers
With Vortex Generators: A Comparison Of Round And
Flat Tubes* 1department Of Mechanical Engineering,
Yazd University, Yazd, I. R. Of Iran 2department of
Mechanical ~ Engineering, Isfahan  University  of
Technology, Isfahan, I. R. Of Iran

31

(41

M.S. Airs, R. McGlen, I. Owen, C.J. Sutcliffe, An
Experimental Investigation into the Deployment of 3D,
Finned Wing and Shape Memory Alloy Vortex
Generators in a Forced Air Convection Heat Pipe Fin
Stack, Accepted Date: 11 March 2011.

Kaushik Das, Debashis Basu, Center for Nuclear Waste
Regulatory Analyses San Antonio, Texas, Software
Validation Test Plan And Report For Ansys-fluent
Version 12.1.

ISS

N: 2348 — 8360

www.internationaljournalssrg.org

Page 3




