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Abstract: The present experimental work is done to investigate forced convective heat transfer rate through porous material. For
this study stainless steel ball of diameter 8, 12 and 16 mm are used to form test section with different porosity. The different
parameters are calculated like Reynolds number, Prandtl number, porosity, convective heat transfer coefficient and plotted the
effects of porosity and mass flow rate on heat transfer rate. It shows that for minimum porosity heat transfer rate increases and
it depends upon mass flow rate also.
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L. INTRODUCTION

Heat transfer through porous material has a great scope in chemical, mechanical, aerospace, medical, biological engineering,
materials sciences & many more fields. Due to increase in contact surface with fluid and efficient heat transfer property, Porous
material being a part of interest of many researches. Number of Experiments, analytical work, researches has been done to
investigate heat transfer phenomena through porous materials such as sintered metals, foams (metal or polymeric), ceramics, etc.
Recent advances in electronic system, heat exchangers, chemical reactors, etc; have lead to dramatic increases in heat flux. Heat
transfer through porous media is being explored to thermal management of such systems. Many studies & experimental work have
reported that Heat transfer through porous media is more efficient techniques than traditional one.

A. Porosity

A porous medium is a material which contains pores or voids in it. These pores are typically filled with a liquid or gas. Because of
pore size, large surface contact area and flexible frameworks porous material enhances heat transfer. The skeletal material is usually
a solid, but foams are also analysed using concept of porous media.

Porous mediums reduce the thermal resistance at the gas/solid interface and enhance heat transfer rates. Porosity (¢) is defined as a
ratio of total pore volume (VP) to the apparent volume of the particle or powder. ®= VP/ V Porous materials can be grouped into
three classes based on their pore diameter (&), pore sizes in the range of 2 nm and below are called microspores, those in the range
of 2 nm to 50 nm are denoted mesoporous, and those above 50 nm are macrospores

1. LITERATURE REVIEW

Heat transfer through porous medium was extensively investigated in the past decades by lots of researches and scholars. The
current study is the idea based on the literature survey as discuss below. As surface area increases with flowing fluid, heat transfer
rate also increases, these phenomena became the attention point of many researchers. Forced convection heat transfer over a porous
horizontal flat plate made up of three different materials i.e. glass, rock and steel have been experimentally investigated by S.E.
Mahgoub [1]. Sheng-Chung Tzeng et al [2], concluded that for a constant flow-rate, as the porosity decrease, contact surface of the
fluid increases, causes a higher heattransfer rate between the fluid and the solid phases. Different porous material with different
porosity have been studied for many applications like roof surface temperature moderation [3], cooling of high-power mini-devices
[4], enhancing heat transfer rate in Heat exchangers[5,6], cooling of high-powered microprocessors [7]. Bo Yan et. al.[8], used
porous media in liquid piston to improve the performance of compression and expansion processes. Effect of pore structure is also
key factor to study performance of porous metal fiber materials [9].

Porous surface is also introduced to investigate pool boiling heat transfer, [10]. Apart from the porous solid material many of
researches has been done using porous foam also to enhance the heat transfer and apply this foam for boiling and condensation
processes. l. Pranoto et. al. [11], studied the characteristics of flow boiling heat transfer using two types of graphite porous foam,
pocofoam and kfoam with porosities 61% and 72% respectively.
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111.EXPERIMENTAL SETUP
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Figure 1: Block Diagram of Experimental set-up
1. Air Blower 2.Flow control valves 3.Electric Heater 4.Test Section
5. Data Recording System 6.Pipe Arrangement

The experimental set up for investigation of heat transfer rate in the porous material is shown in Fig. 1. It consists of an air flow
circuit, a test section, electric heater, flow meter, and temperature sensor. In the present study, air will be induced to the wind tunnel
by a centrifugal suction blower and the inlet temperature is read by a thermometer. Before entering the test section, the air flow will
be heated by passing through a removable electric heater and then transverses the test section, where the particles inside will be
heated by the hot air. When the test section temperature will be stabilized, the atmospheric air will be passed into the channel and
test section is cooled down until its temperature decreases to the ambient temperature. During the cooling process, the experimental
data will be measured and recorded simultaneously. The volumetric flow rate through the test section will be measured by a flow
meter, which will be situated at the downstream of the test section. The static pressure difference across the test section will be
displayed by a micro-differential meter combined with inclined manometer. The air flow and particle temperatures will be measured
by PT100 thermocouple

A. Test Section

As shown in Fig.2, the test section is made of Acrylic Sheet plates (thickness of 10mm) and stainless steel balls are orderly stacked
inside. In present study, the test section is composed of 100mm X 50mm X 50mm packed cells, which would guarantee the fully
developed flow and heat transfer inside. Three different diameters are used to maintain different porosity. 8mm, 12mm and 16mm
balls are used with SC structure.

Porous Material

[ [

Inlet Flow ﬁ Outlet Flow
Test Section

Figure 2: Block Diagram of Test Section

Figure 3: Actual Test Section
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IV.METHODOLOGY
After manufacturing experimental set-up as shown in fig.1 and different test section of different porosities as shown in fig 3,
investigation is started. In this experimental work mass flow of air and porosity of test section is variable.
First insert the test section made up of 8mm diameter stainless steel ball, heated up to steady state conditions and then cool it by
using atmospheric air. Here the same test section is allowed to cool with 200Iph, 400Iph and 600Iph mass flow rate of air and
reading is noted down.
Same procedure is followed for next test section and readings are recorded which are plotted on graph.

V.RESULT AND DISCUSSION
The heat transfer rate is calculated for three test section having different porosities and different mass flow rate viz; 200Iph, 400Iph
and 600 Iph. The following graphs show the relation between average convective heat transfer rate and mass flow rate for different
test sections.
is observed that as mass flow rate of air is increased, heat transfer rate is increased also the maximum heat transfer rate is getting for
low porosity.
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Figure 4: H avg VS mass flow rate for 8mm Dia
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Figure 5: H avg VS mass flow rate for 12mm dia
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Figure 6: Porosity VS H avg for 200Iph
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Figure 7: Porosity VS H avg for 400Iph

Also the relation between porosity and heat transfer rate for different mass flow rate is shown in the following graphs.

It has been noticed that the heat transfer rate is increased with decreased in porosity as surface contact between fluid and solid is
increases. The pressure drop also changed as porosity of test section is changed, but it is observed that there is very small variation
in pressure drop for all of three test section.
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