Al-Nahrain Journal for Engineering Sciences (NJES) Vol.20 No.1, 2017 pp.140 - 148

Experimental Study of Free-Convection from Rectangular Fins
Array on a Heated Horizontal Plate with
Notch Effects

Saad Najeeb Shehab
Mechanical Engineering Department, Engineering College
Al-Mustansiriayah University, Baghdad-Iraq
saad_najeeb16@yahoo.com

Abstract

In this work , experimental investigation has
been done for free-convection heat transfer from
rectangular fins array on a heated horizontal base
plate to surrounding air in the steady-state flow
condition with rectangular notch portion effects.
Five cases of fins arrays have been employed .
One case without notch and other cases with
rectangular notches for different percentages of
aspect ratio area removal from fin . The
horizontal base plate has been heated with various
electrical supplied power values. Different
number of fins and spacing have been used . The
effect of notches from fins on average convection
heat transfer coefficient and average Nusselt
number at constant aspect ratio of fin height to fin
length and varying heat inputs to the heating
element have been discussed . The experimental
results show that the performance of notched fins
array in term of average convection heat transfer
coefficient is 28% to 45% higher than unnotched
fins array. The present experimental results have
been compared with previously works . The
results show a good a greement .

Keywords: Fins arra , notches , experimental
investigation , horizontal base .

Introduction

Fins or extended surfaces are used to
enhancement performance and rate of heat
transfer in a wide range of physical
problems and engineering applications like
radiators , condenser of refrigerators , compact
heat exchangers , oil cooling systems , domestic
convectors , thermal fluid systems , nuclear
reactors , ground thermo-siphons , transformers ,
electrical motors , computer power supplies and
electronic equipments [1-3]. Any small increase
in heat dissipating rate from a fins of these
systems or equipments decreases the power
consumption and increases the life of them. The
configurations of fins or fin arrays , geometrical
parameters such as height , length , spacing of fin
and fins modification by removing fin portion like
perforated and notched fins effects on the
convective heat transfer coefficient and heat
dissipation rate . Yuncu and Anbar [1] submitted
experimental study of free-convective from a
fifteen sets of rectangular fin arrays on horizontal
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surfaces with different length and height of fins
and heat inputs. They deduced experimental
correlations for horizontal base plate with
rectangular fins and without fins. Goshayeshi and
Ampofo [2] used Fluent software version 6.3 to
study natural-convection heat transfer over a
vertical and horizontal plates using vertical fins
array . They found that the vertical plate with
vertical fins array gives best performance for
cooling by natural-convection. Mahmoud et al.
[3] investigated experimentally and
computationally natural-convective from micro-
fin arrays on horizontal microstructures. They
used the micro-fin arrays with fin height ranging
from 0.25 to 1.0 mm and fin spacing ranging
from 0.5 to 1.0 mm. They found that the optimum
design of fins array occurs at spacing 0.7 mm .
Barhatte et al. [4] analyzed experimentally and
computationally the natural convection heat
transfer from a vertical rectangular fins array with
and without notch. They used the commercially
available CFD software, Fluent version 6.3 to
computational analysis . They obtained a good
agreement between experimental and
computational results. Dixit et al. [5] investigated
experimentally the free-convective heat transfer
over a heated horizontal finned surface with and
without notch. The performance of notched fins
array was found 30% to 50% greater than fins
array without notches as convective heat transfer
coefficient. Wange and Metkar [6] performed an
experimental and computational study for natural
convection through inverted notched fin arrays by
using commercially available CFD software,
ANSYS Fluent version 12.0 for computational
analysis. They discussed the effects of inverted
notches on the performance of fins array and heat
transfer rate. Dixit and Mishra [7] presented an
experimental investigation of free-convection heat
transfer over a horizontal rectangular fins array
with inverted notch. They observed that the
optimum fin spacing is in a band from 8 mm
to 10 mm at 30% inverted notch . Tari and
Mehrtash [8] studied theoretically natural-
convective from finned heat sinks in a horizontal
and inclined positions. They deduced the set of
Nusselt number correlations covering a horizontal
and inclination heat sinks with different
inclination angles in upward and downward
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directions. They found a good agreement of the
obtained numerical results with previous works.
Wankhede and Meshram [9] presented an
experimental study for natural and force heat
transfer  convective through a horizontal
rectangular fins array with inverted notches. The
effects of fin spacing , supplied power input , flow
velocity and notches on the convection heat
transfer coefficient were analyzed. Furthermore ,
the effects of inverted notch on the single
chimney flow pattern were investigated. Lohar
and Bhosale [10] studied the free and force-
convection from horizontal rectangular fins array.
They covered a wide range of height , spacing of
fin , wind velocity and power input to obtained
the optimum fin spacing that gives best
performance of the heat transfer from fin arrays .
The objective of present work is to investigate
and analyze experimentally the influence of
notches on the performance and rate of steady-
state free-convection heat transfer in term of
average convection heat transfer coefficient and
average Nusselt number. The present work has
been carried out for a wide range of the
geometrical parameters such as percentage of
removal area (notched portion) from fin and fin
spacing at fixed aspect ratio of fin height to fin
length (H/L) with different supplied heat inputs .

Experimental Setup

The experimental setup was shown
photographically in Figures (1a and b). It consists
of test section (Fins array assembly) , opened box
(digital voltage regulator and measurement
devices like digital multi-meter , data logger
thermometer with thermocouples wires . The test
section involves the horizontal base plate
manufactured from bright rolled aluminum to
reduce the radiation heat loss with dimensions
(180 mm length x 180 mm width x 2 mm

a. Fins array without notch
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thickness). The horizontal base is heated from a
back surface by electrical heater wire is coiled
around mica sheet and then is inserted between
two symmetrical sheets of mica with same
dimensions of the base plate and thin thickness
of 0.5 mm to obtained uniform and homogeneous
heating of the base plate and guaranteed the full
insulated of wire heater. It’s jointed with back
surface of the horizontal plate using thermal super
glue. The rectangular fins with notches and
without notches are manufactured from same
material of the base plate with dimensions (180
mm length x 60 mm height x 2 mm thickness)
and fixed horizontally on the base plate. The
assembly of fins array is housed in a 4 mm
deep rectangular pocket milled on the top surface
of a thermo-stone’s slab (300 mm length x 280
mm width x 100 mm thickness) as shown in
Figure (1c) . It’s an excellent thermal insulator
with a low thermal conductivity of 0.15 W/m . K
to minimize the heat conduction loss. The whole
assembly is placed in large box constructed of
cast acrylic sheet of thickness 6 mm and opened
from top face to provide free heat convection
condition.

The surface temperatures of fins array are
measured by nine  type-K  calibrated
thermocouples are inserted at different suitable
locations in the back face of horizontal plate.
They are distributed by 3 rows and 3 columns
with equal spaces. Other two same type-K
calibrated thermocouples are used to measure the
temperatures  difference between two surfaces
below the heating element to evaluate the heat
conduction loss through a thermo-stone’s block .
Additional same calibrated thermocouple is used
to measure the ambient temperature inside the
box.

b. Fins array with notch
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c. Section of the fins array assembly

1. Opened box
regulator 5. Digital multi-meter
9. Thermo-stone’s block

2. Test section (fins array assembly)
6. Thermocouple wires
10. Thermocouples locations

3. Data logger thermometer
7. Fins array

4. Digital voltage-
8. Heating element

Figure 1: Photographs of the experimental setup and section of fins array assembly .

Experimental and

Calculations

Five configurations of rectangular fin arrays
are used in the experimentations for the
presented work. The first configuration of
rectangular fins array is without notches and
other configurations are with rectangular
notches. The utilized different dimensions of
notches and percentage of area removed (Ag )
from fin are listed in Table (1). The fin length
(L) is kept at 180 mm and fin height (H) is fixed
at 60 mm in each configurations of fins array.
Then, the aspect ratio is fixed at (H/L= 0.333).
Different number of fins (N)like 4,6,
11,16 and 21 are used. Then, fin spacing (S)
is evaluated as follows :

S W — Nt 1

=N_1 (D)

Multi heater input levels namely 25, 50 ,
75 , 100 and 125 W are used. The surface
temperature of fins array is measured by nine
thermocouples. All readings of thermocouples
are recorded at time intervals 45 minute up to
steady-state condition.

The power input (Qj,) to the test section is
transferred to the ambient by free-convection
(Qc) and radiation (Qg) in addition to heat lost
by heat conduction (Qcg) through a thermo-
stone’s slab. Then, free-convection heat transfer
rate (Qc) can be computed as :

Qc = Qin — Qrosses - (2)

The heat losses (Qrosses) from the heating
element is:

Qrosses = Qr + Qcq - (3)
The radiation heat transfer rate (Qg) is [11-13] :

(®)

Processing

QR =€ FG 0-AS (TS43V - Tg)
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and the conduction heat transfer rate (Qcg) is
calculated as [11-13] :

Thermal potential difference

cd = Thermal resistance
B AT B k Ag AT .
= R = ..(5)

The radiation heat transfer (Qg) from the
heated horizontal base plate and fins array is
evaluated to be less than 6% of electrical heat
input (Qj,) for all cases. It is small because of
the small value of emissivity (¢) of bright rolled
aluminum used in manufacturing the base plate
and fins which is 0.04 . The heat lost by
conduction (Qcq) across thermo-stone’s block is
calculated to be about 3% .

The electrical power input (Q;,) to the heating
element is:

Qn=1V ..(6)

The heat losses (Qygsses) are subtracted from
electrical heat input (Q;,) , then equation (2)
becomes :

Qc =1V — Qposses - (7)

The free-convection heat transfer rate (Qc)
from the fins array is computed according to
Newton’s equation of cooling as follows
[11-14]:

QC = hav AS(TSaV - TA) . (8)

Hence , average convection heat transfer
coefficient (hy) is :

_ 1V-QLosses
hav -
As(Tsay—Ta)

.. (9)

where , Ts,, is the average surface temperature
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P Tg
Tay=) =
Sav =1 p

where, Ag is the surface area of heat transfer.
It’s evaluated in heat convection as follows :

..(10)

For fins array without notches :

As = (N — 1)SW + 2NHL . (11)
For fins array with rectangular notches
Ag = (N—1)SW + 2N(HL — A,) .. (12)

and A, is the area removal (notched ) from fin ,

A, =L, H, .. (13)
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Ln Hy
Ap = ——x 100
T LH
The average Nusselt number (Nu,,) can be
defined as [11-14]:

h,,S
Nu,, = j:

All  properties of air are computed
corresponding to film temperature (Ty) . It
calculated as an average of the ambient
temperature (Tn) and average surface
temperatures (Ts,y) of fins array as follows :

. (14)

.. (15)

— TA + TSav

..(16
Then, the percentage of area removal from fin ' 2 (e
(AR)is: where, Taand Ty in K.
Table 1: Cases of fin arrays geometry are used in experimental study.
Case Dimensions of Rectangular Notch Percentage of Area Fins Number | Fin Spacing
No. Length L,, mm ’ Height H,, mm Removal A , % N S, mm

4 57.3
6 33.6

1 Without Notch 0% 11 15.8
16 9.8
21 6.9
4 57.3
6 33.6

2 100 10 9.25% 11 158
16 9.8
21 6.9
4 57.3
6 33.6

3 100 20 185 % 11 15.8
16 9.8
21 6.9
4 57.3
6 33.6

4 100 30 27.75% 11 15.8
16 9.8
21 6.9
4 57.3

5 100 40 37% 6 33.6
11 15.8
16 9.8
21 6.9

Results and Discussion

This work investigates experimentally the
influence of rectangular notches of fins array on
performance of free-convection heat dissipation
as an average heat transfer coefficient and
average Nusselt number at different percentages
of area removal from fins , fin spacing and heat
input when the aspect ratio (H/L) is
constant .
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Figure (2) illustrates the behavior of average
convection heat transfer coefficient (h,) with
percentage of area removal (Ag) of the fin for
ranging from 0% to 37% at different heat input
ranges from 25W to 125W step 25W while fin
spacing is kept at S= 15.6 mm. The average heat
transfer coefficient (h,,) increases as the
percentage of area notched increases because
the notched surface area is removed from
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viewpoint of heat transfer from fin surface. It’s
observed that the average heat transfer
coefficient (h,,) increases as heat input increases
(Qm)-

Figures (3) and (4) show variation in the
average convection heat transfer coefficient
(hay) with fin spacing (S). Figure (3) shows the
effect of fin spacing on (h,,) with changed heat
input for 37% notched area fins array and
without fins array. It’s clear that as the fin
spacing increases , the average convection heat
transfer  coefficient (h,,) increases. This
increasing is sharp up to optimum fin spacing
about 16 mm and then gradually rises because a
more of fresh cold air enters between fins and
contacted hot surfaces of fins array. The fresh
air moves inwards between fins along single
chimney profile and caused decreasing
temperatures difference between heated surfaces
of fins array and entered fresh air. This property
was very clear in case of notched fins array by
removed the non effective part from fin in form
of the rectangular notch and gives good
performance when fin spacing is optimum at
S=16 mm at aspect ratio of fin height to fin
length (H/L) is 0.333. The same behavior of
the average convection heat transfer coefficient
(hy) with fin spacing will be happened for
different percentage of area removed when heat
input is kept at Q;= 125 W as shown in
Figure (4) .

The average Nusselt number versus fin
spacing for non-notched fins array is shown in
Figure (5) with heat input (Qj,) as the parameter
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from 25W to 125W. It’s observed that the
average Nusselt number (Nu,,) increases as the
fin spacing (S) increases. The increasing in fin
spacing causes more flow of the fresh air
between hot fins. It’s also noted that the values
of average Nusselt number are higher with
higher supplied heat input.

Figure (6) presents a comparison of average
Nusselt number for 37% notched and without
notched fins arrays. It’s observed that the free
heat convection performance which represented
by average Nusselt number (Nu,,) is about 45%
higher in case of 37% notched area fins array
than without fins array at the same heat input at
Qin= 125 W.

Figure (7) represents a comparison of average
Nusselt number (Nu,,) for present experimental
work for unnotched fins array at supplied power

input Q= 125 W with Tari and Mehrtash
correlation which is represented by [8] :

Nu,, = 0.0915(Gr’ Pr)0436 . (17)
where ,

H 0.5

Gr' = [gB (Tsay -T2 ) S°] (7)

S 0.38

(ﬁ) e ..(18)

The result of comparison clears a good
agreement .

14
_f_,-—:
Re ;- S5=158
| - — L. II
—
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e I i / | "]
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= h.—-—-'"'"_________'___,.-—"‘# —— = 100W
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Agp %

Figure 2: Average convection heat transfer coefficient versus percentage of area removal
(notched) from fin.
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Figure 3: Average convection heat transfer coefficient versus fin spacing for different supplied

heat input .
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Figure 4: Average convection heat transfer coefficient versus fin spacing for different
percentage of area removed ( Ag) from fin.
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Figure 5: Average Nusselt number versus fin spacing for unnotched fins array at different heat
input .
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Figure 6: Comparison of average Nusselt number for notched and without notched fins array .
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Figure 7: Comparison of average Nusselt number of the presented work for unnotched fins
array with Tari and Mehrtash correlation at same conditions.
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Nomenclature

Area removal (notched) from fin , (m?)

Percentage of Area removal , (%)

Surface area of heat transfer , (m?)

Fec Geometric function (view factor) , (-)

g Gravitational acceleration , (m/s?)

" Modified Grashof number , (-)

h  Convection heat-transfer coefficient ,
(W/m?. K)

H Height of fin, (m)

H, Height of notch , (m)

I Input current intensity , (A)

k  Thermal conductivity (W/ m . K)

L  Length of fins array (fin length) , (m)

L, Length of notch , (m)

N Number of the fins in fins array , (-)

Nusselt number , (-)

Pr  Prandtl number, ( -)

Qc Convection heat transfer rate from fin
arrays , (W)

Qcg Conduction heat transfer rate , (W)

Qin  Supplied heat input , (W)

Qr Radiation heat transfer rate , (W)

Ra Rayleigh number , (-)

Ry Thermal resistance (Ry= X/ Kk As) , (K/W)

S Spacing of fins , (m)

t  Thickness of fin, (m)

Ambient temperature inside the enclosure ,
(’C)

T:  Film temperature , (°C)

Ts Surface temperature , (°C)

Thermal potential difference , (°C)

V  Voltage supplied , (V)

W Width of fins array , (m)

X Thermal insulation thickness , (m)

Greek Letters

B Volumetric coefficient of thermal
expansion , (1/K)

¢  Emissivity of the surface , (-)
Stefan-Boltzmann constant
(6=5.67 x10° W/ m? K%

v Kinematic viscosity , (m?/s)

Subscript Symbols
av  Average
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