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Abstract— Now a day’s lots of thermal insulating material 

used for prevent the heat loss and heat reduction such that 

EPS, fiber glass.  In addition as we are going to analyze the 

heat transfer on mixture of corn  and  pearl millet straw and 

also check whether the mixture will act as an insulating 

material or not. Usually corn straw & pearl millet consider 

as an agriculture waste. This may be used as an insulating 

material for both industrial & home appliance. Insulating 

materials are non-metallic materials that do not allow 

electric current to pass through it at normal temperatures. 

There are number of insulating materials used in Electrical 

apparatus and machinery. They may be organic or inorganic, 

uniform or heterogeneous in composition, natural or 

synthetic. There are many properties such as resistivity, 

breakdown voltage, thermal stability etc that determine the 

suitability of a material to be used as insulating material. 

Thermal insulators are those materials that prevent or reduce 

various forms of heat transfer (conduction, convection and 

radiation). Insulator resists the heat transfer from out to in or 

in opposite direction whether the environment temperature 

is high or low. There are many advantages of thermal 

insulation that isolates the building from the heat and 

reduces the energy consumption as well as the costs of air-

conditioning operation. This will reduce the amount of 

heating and cooling appliances that is needed to keep the 

house comfortable. Because of this, home insulation will 

reduce the energy bills and the costs of cooling and heating. 
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I. INTRODUCTION 

There are many benefits of home insulation. Insulating will 

add the comfort to the building, create a healthier home 

environment, reduce the energy bills and have a positive 

environmental impact. Adding home insulation to an 

existing home will regulate the temperature, making the 

living environment more enjoyable, especially in places of 

extreme weather. With insulation the home will become 

more energy efficient. Insulation will keep the home cooler 

in the summer and warmer in the winter. This will reduce 

the amount of heating and cooling appliances that is needed 

to keep the house comfortable. Because of this, home 

insulation will reduce the energy bills and the costs of 

cooling and heating. Adding acoustic insulation will also 

enhance the sound control. Insulation creates a sound 

barrier, keeping unwanted sounds out and protecting the 

privacy by keeping the sounds inside from being audible 

outside. Insulating the home also creates a moisture barrier, 

keeping undesirable moisture out and offers much 

comfortable living environment inside. Insulating the 

electrical outlets and the corresponding components will 

protect home against any electrical shock. The benefit of 

home insulation is not related to the occupants inside the 

house only but it is also extended to keep the environment 

out of pollutants. The insulated building will contribute to 

use less energy for air conditioning. This will reduce the 

carbon footprint, and also reduce the amount of chemicals 

released into the environment from air-conditioning units. 

II. INSULATING MATERIAL 

This report lists a number of commonly used insulating 

materials found in electronic and electric equipment. 

Although this listing is somewhat long, it is not 

comprehensive- the choices available can be overwhelming. 

Fortunately many superb and inexpensive materials are 

available and the final choice may be somewhat arbitrary 

and the designer is advised to obtain samples of several 

candidates before making a final decision. Trade names do 

not represent a particular brand preference but are included 

for clarity.     

A. Insulating Materials Types 

1) A.B.S. 

Acrylonitrile, butadiene, and styrene combine to form this 

common plastic often used to make housings or other 

mechanical parts. 

2) ACETATE 

Acetates have good electrical insulating properties and is the 

material used to make movie and microfilm. 

3) ACRYLIC 

Lucite and Plexiglass are trade names for acrylic which has 

widespread use where toughness and transparency are 

required. Solvent cement is quite effective for welding 

pieces together. 

4) BERYLLIUM OXIDE 

A hard white ceramic-like material used as an electrical 

insulator where high thermal conductivity is required. 

Beryllium oxide is highly toxic in powder form.   

5) CERAMIC 

Ceramics are used to fabricate insulators, components, and 

circuit boards. The good electrical insulating properties are 

complemented by the high thermal conductivity. 

6) DELRIN 

This DuPont acetyl resin is made from polymerized 

formaldehyde and finds uses similar to nylon. The material 

is rigid and has excellent mechanical and electrical 

properties making its use common in appliances and 

electronics.  

7) EPOXY/FIBERGLASS 

This laminate is quite common due to its superior strength 

and excellent electrical properties even in humid 

environment. Most modern circuit boards are made from a 

grade of epoxy/fiberglass. (Grades include G10/FR4 and 

G11/FR5 extended temperature grade.) 

8) GLASS 

Glass insulation comes in a wide variety of forms including 

solid glass, fiber tapes, fiberglass sheets and mats, woven 

tubing and cloth, and various composites. High temperature 

operation is a key feature. 
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9) KAPTON 

Polyimide film has exceptionally good heat resistance and 

superb mechanical and electrical properties. Kapton tapes 

are fairly expensive but often indispensable. 

10) KYNAR 

As is Teflon, Kynar is a floropolymer with excellent 

chemical and abrasion resistance. It is readily machined and 

welded. 

III. LITERATURE REVIEW 

Axelberge and Parjohansson are research on high 

performance thermal insulation in 2012. 

The Thermal Insulation Materials (TIM) Program 

was established in 1979 at the request of three private sector 

thermal insulation trade associations. The purpose of the 

program is to accredit laboratories that produce reliable 

thermal insulation test data. 

Anabela Pavia, Sandra Pereira, Ana SA, Daniel 

Cruz, Humberto Varum and Jorge Pinto were research on 

“A contribution to the thermal insulation performance 

characterization of corn cob particle boards” 

The building industry is not immune to this reality 

and huge efforts have been done in order to find alternative 

sustainable building materials and low technology methods 

which result in a more sustainable and affordable 

construction, complemented with the comfort standards 

required nowadays. 

Several authors  have already proposed using 

different agricultural products such as bagasse, cereal, straw, 

corn stalk, corn cob, cotton stalks, kenaf, rice husks, rice, 

straw, sunflower hulls and stalks, banana stalks, coconut 

coir, bamboo, durian peel and palm leaves oil, among 

others, for product processing such as particleboard, 

hardboard and fiber board, and focusing on their thermal 

insulation capacity. 

Pearl millet is the fourth most important cereal 

food crop in India As a semi-arid and arid crop; it is 

traditionally a component of the dry land system, usually 

grown in soils with depleted fertility which receives 150-

750 mm of rainfall per year. Pearl millet was grown on 9.5% 

of the food-grain area and yielded 4.8% of Indian food-grain 

production during 1965-84.  

Satta Panyakaew and Steve Fotios are presented 

paper on Agricultural Waste Materials as Thermal Insulation 

in the year of 2008. 

The world production of corn was over 600 million 

tons in 2003, slightly more than rice or wheat. While the 

United State produces almost half of the world supply, other 

major producers are China, Brazil, Mexico, Indonesia and 

India. Thailand produced around 4 million tons of corn in 

2005. Corn stalks and cobs can be made into particleboards 

and fiber boards .They have been tested for use as raw 

materials for low density boards made using the hot press 

method and using urea formaldehyde resin . It was found 

that the boards exhibited a high mechanical strength and 

have a thermal conductivity of 0.096 W/mK. There are 

several possible materials including bagasse, rice hulls, 

coconut husk, corn stalk, durian peel, and palm oil leaves. 

IV. MATERIAL MODEL & ITS DIMENSIONS 

A. Corn Straw Material 

 
Fig. 4.1: Corn Straw Material 

B. Pearl Millet Straw Material 

 
Fig. 4.2: Millet Straw 

C. Mixture of Corn & Millet Straw Material 

 
Fig. 4.3: mixture of corn and pearl millet straw 

D. Thermal Property of the Material 

 Thermal conductivity (K) 

 Temperature limit (T) 

 Emissivity (ɛ) 

 Thermal conductance (C) 

V. METHODOLOGY 

1) Lee’s Disc Method 

Lee’s disc method is mainly used to determine the thermal 

conductivity of the bad conductor. 

2) Apparatus Required 

 Lee’s apparatus and the experimental specimen in the 

form of disc. 

 Two thermometers. 

 Stop watch. 

 Weighing balance. 



Heat Transfer Analysis on Mixture of Corn & Pearl Millet Straw 

 (IJSRD/Vol. 6/Issue 01/2018/523) 

 

 All rights reserved by www.ijsrd.com 1903 

 Special lamp stand. 

 Boiler. 

A. Lee’s Apparatus 

 
Fig. 5.1: Lee’s Apparatus 

B. The Experimental Specimen in the Form of Disc 

 
Fig. 5.2: Experimental Specimen 

C. Thermometers 

The thermometers are used to measure the temperature of 

the objects. A thermometer is a device that measures 

temperature or temperature gradient, using a variety of 

different principles. The word thermometer is derived from 

two smaller word fragments: thermo from the Greek for heat 

and meter from Greek, meaning to measure. 

1) Types of Thermometers 

 The Liquid in Glass Thermometer 

 The mercury in glass thermometer 

 The alcohol in glass thermometer 

 The resistance thermometer 

D. Boiler 

A steam generator or a boiler is defined as a closed vessel in 

which water is converted into steam by burning of fuel in 

presence of air at desired temperature, pressure and at 

desired mass flow rate. According to American society of 

Mechanical Engineers (A.S.M.E.), a steam generator or a 

boiler is defined as "a combination of apparatus for 

producing, finishing or recovering heat together with the 

apparatus for transferring the heat so made available to the 

fluid being heated and vaporized.  

Boiler or a steam generator is example of heat exchanger. 

(Heat exchangers are defined as a mechanical device for 

exchanging heat between hot fluid and Cold fluid with 

maximum rate, with minimum investment and with 

minimum Running cost).   

VI. FORMULA, OBSERBED READING AND CALCULATION 

A. Formula 

THERMAL CONDUCTIVITY: 

K=     M S (dƟ/dt)   d(r+2h)    W m
-1

K
-1

 

πr² (Ɵ₁ -Ɵ₂ ) (2r+2h)          

Where, 

M      = mass of the metallic disc in kg. 

S      = specific heat capacity of material of disc in J kg 
-1

 K
-

1
. 

r       = Radius of the metallic disc in meter. 

d       = thickness of the insulating material in meter. 

h       = thickness of the metallic disc in meter. 

Ɵ₁       = steady temperature of steam chamber in ֯ c. 

Ɵ₂       = steady temperature of metallic disc in ֯ c. 

[dƟ/dt] Ɵ2 = Rate of cooling at steady state temperature. 

B. Obsebed Reading 

1) To find the Thickness of the Bad Conductor (d) by Screw 

Gauge: 

Zero error          = +3 

Zero correction = ± ZE x LC 

            =      3x0.01 

L.C=0.01mm                    Zero correction =     0.03mm 

S.N

O 

Pitch 

readin

g 

(PSR) 

 

Head 

scale 

coinciden

ce 

(HSC) 

HSR

= 

HSC 

x 

L.C 

 

Observe

d reading 

= 

PSR+HS

R 

Correct 

reading = 

OR±ZC 

 

(mm) (div) 
(mm

) 
(mm) (mm) 

1 6 55 0.55 6.55 6.58 

2 6 58 0 .58 6 .58 6 .61 

3 6 60 0.60 6.60 6.63 

4 6 57 0.57 6.57 6.60 

5 6 56 0.56 6.56 6.59 

Mean thickness of bad conductor (d) 
6.66x10¯³

m 

Table 6.1: Thickness of Bad Conductor 

2) To find the Thickness of Metallic Disc (H) by Screw 

Gauge 

Zero error            =   +3div 

Zero correction    = ± ZE x LC 

=      3x0.01 

L.C=0.01mm    Zero correction    =   0.03mm 

S.N

O 

Pitch 

readin

g 

(PSR) 

 

Head 

scale 

coinciden

ce 

(HSC) 

HSR=H

SC x 

L.C 

 

Observe

d 

reading 

= 

PSR+H

SR 

Correct 

reading 

= 

OR±ZC 

 

(mm) (div) (mm) (mm) (mm) 

1 11 26 0.26 11.26 11.29 

2 11 32 0.32 11.32 11.35 

3 11 27 0.27 11.27 11.30 
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4 11 24 0.24 11.24 11.27 

5 11 32 0.32 11.32 11.35 

Mean thickness of bad conductor (h) 
11.32x1

0
-3

 m 

Table 6.2: Thickness of Bad Conductor 

3) To find the Radius of the Metallic Disc (r): 

Circumference of the metallic disc   (2πr) = 36.5mm 

r = 36.5/2π 

r = 36.5/2x3.14 

Radius of the metallic disc,     r= 5.8x10
-2 

m 

4) To Determine the Rate of Metallic Disc (dƟ/dt):                                                      

   Steady temperature in steam chamber (Ɵ1) = 98 ֯ c 

   Steady temperature in metallic disc (Ɵ2)   = 50֯ c 

S.NO Temperature (Ɵ) in ֯ c 
Time(t) in seconds 

Minute second 

1 55 0 0 

2 54 1:10 70 

3 53 2:35 155 

4 52 4:25 265 

5 51 6:05 365 

6 50 7:52 472 

7 49 10:03 603 

8 48 12:05 725 

9 47 14:16 856 

10 46 16:52 1012 

11 45 19:03 1143 

Table 6.3: Rate of Metallic Disc 

C. Calculation 

Mass of the metallic disc (M)                          =   1.5 kg 

Specific heat capacity of material of disc (S) = 370 J Kg
-1

 k
1
 

Radius of the metallic disc (r)                         = 5.8x10
-2

 m 

Thickness of the card board (d)                       = 1.67x10
-3 

m 

Thickness of the metallic disc (h)                   = 11.32x10
-3 

m 

Rate of cooling [dƟ/dt] Ɵ2                               = 7.3 x 10
-3
֯ c/s 

1) Formula       

K =     M S (dƟ/dt)   d(r+2h)    W m
-1

K
-1

 

πr² (Ɵ₁ -Ɵ₂ ) (2r+2h) 

=    1.5 x 370 x (7.3x10
-3

)    6.6x10
-3

 [5.8x10
-2

+2(11.312x10
-

3
)] 

3.14x(5.8x10
-2

) 
2
 (98-50)      [2(5.8x10

-2
)+2(11.312x10

-3
)] 

=    2.155x10
-3

 

0.01056x48(0.136) 

K =   0.03 W m
-1

K
-1

 

VII. ADVANTAGES 

 Eco friendly. 

 Easily degradable. 

 Non pollutants. 

 Resource availability is very high. 

 Cost is very low. 

VIII. APPLICATIONS 

 It is used in roof tops to reduce heat. 

 It is used in home appliances. 

 It can reduce the heat transfer rate. 
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