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Fig. 1: Experimental Apparatus
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Aim: To determine thermal conductivity of an insulating powder

Introduction

Different types insulating material such as asbestos, Asbestos, glass wool, mica, etc. are used

in engineering practice to prevent the leakage of heat. These materials offer a resistance to

heat flow and are useful in saving the energy. These materials possess a relatively small

value of thermal conductivity.

Theory

Insulation are defined as those materials or combinations of materials which retard the flow

of heat energy. The function of insulating materials is as follows

1. Conserve energy by reducing heat loss or gain.

2. Control surface temperatures for personnel protection and comfort.

3. Facilitate temperature control of process.

4. Prevent vapour flow and water condensation on cold surfaces.

5. Increase operating efficiency of heating/ventilating/cooling, plumbing, steam, process

and power systems found in commercial and industrial installations.

Major Insulating Materials

The following is a general inventory of the characteristics and properties of major insulation

materials used in commercial and industrial installations.

1. Calcium Silicate

Calcium silicate insulation is composed principally of hydrous calcium silicate which

usually contains reinforcing fibers; it is available in molded and rigid forms. Service

temperature range covered is 35◦C to 815◦C. Flexibility and compressive strength
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is good. Calcium silicate is water absorbent. However, it can be dried out without

deterioration. The material is non-combustible and used primarily on hot piping and

surfaces.

2. Mineral Fibre

a) Glass: Available as flexible blanket, rigid board, pipe covering and other pre-

molded shapes. Service temperature range is -40◦C to 232◦C. Fibrous glass is

neutral; however, the binder may have a pH factor. The product is non-combustible

and has good sound absorption qualities.

b) Rock and Slag: Rock and slag fibers are bonded together with a heat resistant

binder to produce mineral fiber or wool. Upper temperature limit can reach 1035◦C.

The same organic binder used in the production of glass fiber products is also used

in the production of most mineral fiber products. Mineral fiber products are non-

combustible and have excellent fire properties.

3. Cellular Glass

Available in board and block form capable of being fabricated into pipe covering and

various shapes. Service temperature range is -273◦C to 200◦C and to 650◦C in com-

posite systems. Good structural strength, poor impact resistance. Material is non-

combustible, non-absorptive and resistant to many chemicals.

4. Expanded Silica or Perlite

Insulation material composed of natural or expanded perlite ore to form a cellular

structure; material has a low shrinkage coefficient and is corrosion resistant; non-

combustible, it is used in high and intermediate temperature ranges. Available in

pre-formed sections and blocks.

5. Elastomeric Foam

Foamed resins combined with elastomers to produce a flexible cellular material. Avail-

able in preformed sections or sheets, Elastomeric insulation offer water and moisture

resistance. Upper temperature limit is 105◦C. Product is resilient. Fire resistance

should be taken in consideration.
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6. Foamed Plastic

Insulation produced from foaming plastic resins create predominately closed cellular

rigid materials. “K” values decline after initial use as the gas trapped within the

cellular structure is eventually replaced by air. Foamed plastics are generally used in

the lower intermediate and the entire low temperature ranges.

7. Refractory Fibre

Refractory Fiber insulation are mineral or ceramic fibers, including alumina and silica,

bonded with extremely high temperature inorganic binders, or a mechanical interlock-

ing of fibers eliminates the need for any binder. The material is manufactured in blanket

or rigid form. Thermal shock resistance is high. Temperature limits reach 1750◦C .

The material is non-combustible. The use and design of refractory range materials is

an engineering art in its own right and is not treated fully in this manual, although

some refractory products can be installed using application methods illustrated here.

8. Insulating Cement

Insulating and finishing cements are a mixture of various insulating fibers and binders

with water and cement, to form a soft plastic mass for application on irregular surfaces.

Insulation values are moderate. Cements may be applied to high temperature surfaces.

Finishing cements or one-coat cements are used in the lower intermediate range and as

a finish to other insulation applications. Check each manufacturer for shrinkage and

adhesion properties.

Table 1 gives the list of commonly used insulating materials and their thermal conductivity

values.
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Table 1: Thermal Conductivity of Insulating Materials

Material Thermal Conductivity

Asbestos 0.23

Plastics 0.58

Wood 0.17

Brick 0.23

Concrete 1.28

Firebrick 0.14

Mineral wool 0.47

Plaster 0.78

Rubber 0.16

Cork sheet 0.04

Glass 0.74

Experimental set up

The apparatus consists of two thin halved concentric copper spheres. The inner sphere

houses the heating coil. The insulating powder (Asbestos powder/Plaster of Paris lagging

material) is packed between the inner and outer sphere. The power supply to the heating

coil is adjusted by using a dimmerstat and is measured by a voltmeter and ammeter. Iron

constant thermocouples are used to measure the temperature. Thermocouples No. 1 to 4 are

embedded on inner sphere and No. 5 to 10 are embedded on the outer sphere. Under steady

state condition the temperature T1 to T10 are noted and also the voltmeter and ammeter

readings are recorded. These readings in turn enable to find out the thermal conductivity of

the insulating powder packed between the two spheres.
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Specifications

1) Radius of the inner copper sphere (ri) 50 mm

2) Radius of the outer copper sphere (ro) 100 mm

3) Thermocouple Position on inner sphere T1 to T4

4) Thermocouple Position on outer sphere T5 to T10

Procedure

1. Start the supply.

2. Increases slowly the input to heater by dimmerstat and adjust equal to 60-100 V

3. Take the temperature readings

4. Take the readings till steady state is reached.

5. Note down the readings

Precautions

� Keep the dimmerstat to zero position before starting the unit.

� Operate selector switch of temperature indicator gently.

� Never exceed the heater input to 100 Volts.

Observations

1. Input Voltage

2. Input Current

3. Temperatures at various locations are recorded and are as shown in table 2
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Table 2: Temperatures at inner and outer sphere

Temperature Time

T t1 t2 t3 t4 t5 t6 t7 t8

(◦C) (Minutes from start of the experiment)

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

1 Calculations

Q = V × I (1)

Mean temperature at the inner sphere is

Ti =
T1 + T2 + T3 + T4

4
(2)

Mean temperature at outer sphere

To =
T5 + T6 + T7 + · · ·+ T10

6
(3)

Thermal conductivity of insulating powder is

k =
(ro − ri)

4πriro(Ti − To)
(4)

Conclusion
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