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The measurement of the thermal conductivity of the sawdust is one of the most difficult 

techniques due to its uniformed shape, by using this instrument, it gives the ability of 

measuring the thermal conductivity of the sawdust, without changing its physical 

properties, during the experiment, as well as, there are no necessity to use the additional 

materials in form of adhesive materials, that gives an identified shape of the specimen. In 

this study, wood sawdust is classified into three groups depending on the size of the wood 

pellets, namely; wo1≥1.18mm, 1.18>wo2>0.6mm and wo3≤0.6mm. To keep out the 

thermal properties of the sawdust as it is, no mechanical or chemical processes were carried 

out on sawdust specimens, such as compressing or bonding. The effect of moisture content 

on the thermal properties of sawdust is eliminated by drying the specimens, the procedure 

is carried out by heating it up to 100℃ for a 30 min. During this study, it can be seen that 

the thermal conductivity of all samples is inversely proportional to the working 

temperature. At a relatively low temperature less than 45℃, it can be said that the first 

model (wo1) has the lowest thermal conductivity while the differences in the thermal 

conductivity of the samples are insignificant when the temperature exceed 50℃, therefore; 

the first model (wo1) represents a good choice for flat plate solar collector insulation 

because it has the same activity as well as it is light and cheap.  
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1. INTRODUCTION

The thermal conductivity of any material refers to the 

thermal behavior of that material. The ability of any material 

to conduct or transfer heat from one side to another, is by 

measuring its thermal conductivity [1]. Thus, when the 

material has a low thermal conductivity, it is considered as a 

good insulator. This term is very famous in classifying the 

materials into thermal conductors and insulators.  

The thermal conductivity of the material, is greatly affected 

by the arrangement of particles, crystals and impurities, as well 

as, the gaps between the fragments forming the body, therefore, 

the body that formed from the pure material, and have a 

homogeneous particles and crystals arrangements, is able to 

conduct heat better than a body with the same dimensions and 

is made from the same material used in the first object, but it 

has impurities or gas bubbles which increases its thermal 

resistance [2-4]. Grain size also affects thermal conductivity, 

because the space between big fragments is more than that in 

case of small particles, and that gaps may be filled with 

different impurities. Different methods are used to measure 

that coefficient. The basic idea of all methods is to supply the 

heat from one side and dissipate it from the other side. The 

same methodology is used to measure the thermal conductivity 

of the sawdust. The instruments that are used for that purpose 

were made by Engineering Technical College of Mosul which 

holds the Iraqi patent (5278). 

The high costs of some insulating materials oblige the 

researchers to find new and cheaper insulators [5, 6]. 

Sawdust is a material that has low thermal conductivity [7, 

8]. Many researchers have studied the physical properties of 

sawdust. The thermal conductivity of insulating materials is 

affected by many factors such as; temperature, density, 

diameter or shape, cell size, amount and type of additives and 

binders [9]. Studies conducted many experiments to estimate 

the sawdust packed bed thermal conductivity by measuring the 

sawdust bed temperature [10]. Other studies used transient 

plane source technique and the heat flow meter to measure the 

thermal conductivity of five species of hardwoods and 

softwoods types [11]. Furthermore, other studies formed discs 

of clay and sawdust mixture with different sawdust ratio and 

measured its thermal conductivity, by using Lees' disc 

apparatus. It concludes that mixing the sawdust with clay 

reduced the sawdust conductivity, when the tested sample was 

dry [12]. Studies shows that mixing recycled polyethylene 

terephthalate with different percentage of sawdust gave a low 

thermal conductivity [13]. On the other hand, the effect of 

three different kinds of sawdust with different particles size on 

the properties of composites reinforced materials using Ritz 

apparatus [14]. Studies on Lees’ Conductivity apparatus, to 

evaluate the conductivity of some biomass materials, modeled 

the sawdust into a thin disc and determined its thermal 

conductivity at different particle size and temperature. The 

results showed that sawdust can be used as alternative to the 

existing industrial insulators due to its good insulation 

capability [15, 16]. The conductivities of three different 
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particle sizes namely; 300 μm, 600 μm and 850 μm of some 

wood materials from the forest in Nigeria were investigated 

[17], it is found that any type of disc shape wood with 600 μm 

particle size, has low thermal conductivity with a range of 

0.045 – 0.067 W/m. K. As a result, they considered these types 

of wood as good insulators compared with industrial solar 

collector’s insulators, also can be used as a lagging of cooler, 

incubator, refrigerator, food flask, etc.  

After measuring and comparing between bulky and small 

particle sizes of three different wood types, it is established 

that the thermal conductivity of sawdust was lower than that 

of uniform solid wood [18]. 

2. METHODS OF RESEARCH

In this study, thermal conductivity of dry sawdust is 

measured using the apparatus that is made by the Engineering 

Technical College of Mosul which holds the Iraqi patent (5278) 

[19]. The effect of different particle sizes on the sawdust 

thermal conductivity is studied. After calculating the thermal 

conductivity of the sawdust, the results were compared with 

that of the PV solar panel insulators as well as that used in heat 

pumps [16], for the possibility of using sawdust as insulation 

for PV panels and heat pumps. To achieve those goals, it is 

necessary to use specific instrument, that it is able to measure 

the thermal conductivity of semi-solid materials like sawdust, 

sand, and powder. The sawdust samples were prepared using 

sieves of three different sizes, (wo1) group, refers to the 

sample in which the particle size is equal or greater than 1.18 

mm., while the particle size in group (wo2) is between 0.6 to 

1.18mm and group (wo3) is the sample in which the grains size 

was equal or less than 0.6 mm. To eliminate the effect of water 

content by the sawdust, the sawdust was dried by using an 

electrical heater. Each sample was dried for 30 minutes with 

continuous stirring under drying temperature of 100℃. The 

density was calculated by dividing the specimen mass to the 

volume of the specimen, while the specimen volume was 

selected to fit the apparatus requirements. 

The apparatus in the laboratories of the Engineering 

Technical College of Mosul offers that ability [19]. Technical 

descriptions and facilities of the appliance are shown in the 

following part of this paper. 

2.1 Apparatus 

The apparatus that is used for measuring the thermal 

conductivity of solid materials and fluidized bed is shown in 

Figure 1. This instrument was manufactured in the 

Engineering Technical College of Mosul [19]. It consists of 

two main parts. The first one is a heat source, which is 

subdivided into two parts; heat generator and heat transition 

lines. The heat generator consists of a stainless steel tank that 

holds 1.7 litters, electrical heater 650W, a passive heat pump, 

that is used to transfer energy from the lower to the upper 

portion of the reservoir, by thermal siphon. Two copper tubes 

with different diameters are provided to carry out working 

material (water) from the heat source (electrical heater) to the 

lower reservoir positioned below the specimen. It is clear that 

different diameter of copper tubes means the difference in side 

surface area of each tube [8, 20], so that; the water inside the 

bigger diameter tube is relatively colder than that is inside the 

smaller tube, this connection lines forces the water to move up 

through the narrow tube and fall through the other one due to 

the difference in densities of water inside each tube. This 

mechanism leads to carry heat to the upper portion or, to the 

second main component which called the core of the apparatus. 

The apparatus core consists of two parts; the lower which is an 

aluminum tank with an outer diameter of 100 mm, 

representing the continuity of the heat handling loop, and the 

heat sink which is the upper part of the core of the apparatus, 

which consists of a simple water vessel made of aluminum. 

The water vessel was insulated from all sides except the lower 

surface which is in contact with the testing specimens. The aim 

of the expansion pipe that shown in Figure 1 is to 

accommodate the expansion of water when its temperature 

increased. The testing specimen is inserted in the middle space 

between the upper and lower parts of the apparatus core. The 

entire core was insulated by asbestos and surrounded by 

Teflon shell to reduce the thermal losses.  

Figure 1. Thermal conductivity measurement apparatus 
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Mercury thermometer is used to measure the water 

temperature inside the upper tank. The calibrated K-type 

thermocouples [19] are used to measure the temperature across 

the specimen. The accuracy of each one is ±0.1℃. The water 

temperature is controlled by an adjustable thermostat. 

 

 

3. THEORY AND FORMULA 

 

The heat transferred through the test piece (Q) to the heat 

sink is calculated using the following equation: 

 

wΔt pc 
τ

m
  Q=  (1) 

 

where, m - the mass of the water inside the heat sink (kg), τ - 

the elapsed time to change the water temperature in the heat 

sink (s), cp is the specific heat of water which is equal to (4.18 

kJ/kg ℃), and ∆tw is the change in water temperature during 

time τ (℃). 

The specimen thermal conductivity can be calculated using 

the Fourier’s as follows: 

 

dx

dt
 A k -   Q =  (2) 

 

where, Q - the heat flowing through the specimen (W), that 

obtained from the equation (1), k - the thermal conductivity of 

the specimen (W/m ℃), A - the cross sectional area of the 

specimen normal to the direction of heat flow (m2), dt – the 

temperature difference across the specimen (℃), dx – is the 

thickness of the specimen (m).

 

 

 

 

4. EXPERIMENTAL SETUP  

 

The thermal conductivity test was carried out through 

temperature range of 30 to 65℃. The behavior of the thermal 

conductivity was observed by taking several readings for the 

mentioned temperature range. The behavior of specimen 

thermal conductivity can be used to determine whether the 

material can be used as thermal insulators or not. After 

specimen reaches the steady state at the selected temperature, 

the elapsed time was calculated using a stopwatch. the 

temperature difference across the specimen was taken, and the 

amount of heat flow was calculated by the sensible heat 

change in the water tank using the Eq. (1). Eq. (2) was used to 

calculate the specimen thermal conductivity. 

 

 

5. RESULTS AND DISCUSSIONS 

 

Figure 2 shows the effect of specimen temperature on the 

thermal conductivity, it can be seen from the figure that, as the 

specimen temperature increases its thermal conductivity 

decreases.  

As shown in the Figure 2, the thermal conductivity behavior 

of the first specimen can be divided into three sections. The 

first stage covers the temperature range extended from 27 to 

48℃. This section can be represented by the following 

formula: 

warm 1: 

 

0524.0T0033.02T 0.00008 -   k ++=  (3) 

 

where, k – the thermal conductivity (W/m ℃), T – the average 

temperature of the specimen (℃). 

The second curve section coverings a limited temperature 

difference; namely from 48 to 50℃. in which the thermal 

conductivity directly proportional to the average temperature 

of the specimen. This increment of the thermal conductivity 

happens in this type of samples (wo1) is stronger than other 

samples, due to the effect of bigger air gaps between the 

particles with respect to other samples. This section can be 

represented by the following formula: 

middle 1: 

 
4662.0T0104.0  k −=  (4) 

 

Finally, the third section of the curve extends from 50 to 64℃ 

and can be represented as follows: 

hot 1: 

 

0308.0T0046.02T 0.00006 -   k −+=  (5) 

 
 

Figure 2. Thermal conductivity relation with the average temperature of the first sample (wo1) 
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Figure 3. Thermal conductivity relation with the average temperature of the second sample (wo2) 

 

 
 

Figure 4. Thermal conductivity relation with the average temperature of the third sample (wo3) 

 

The trends of the thermal conductivity of the second and 

third specimens are similar as that for the first one, as shown 

in Figures 3 and 4. 

The three sections of the thermal conductivity of second 

sample can be covered by the following formulas: 

 

0612.0T0029.02T 0.00007 -   k ++=  (6) 

 

008.0T0007.0  k +=  (7) 

 

5416.0T0227.02T 0.0002 -   k −+=  (8) 

 

The trend of thermal conductivity of the third sample is just 

like that for the first and second samples. i.e., as the 

temperature increase the thermal of the sample decreases. 

The formulas that cover the three sections of the curve 

shown in Figure 4 are as follows: 

warm 3: 

 

6122.0T0433.02T 0.0006 -   k −+=  (9) 

middle 3: 

 

0239.0T0017.0  k −=  (10) 

 

hot 3: 

 

9591.0T0301.02T 0.0002   k −−=  (11) 

 

The formulas shown above are from the computer program, 

where each curve drawn according to the most appropriate 

function, so that; the middle zone for all samples has a linear 

equation, while the first and last portion have polynomial 

equations. 

Generally, the first region for all samples limited by the 

temperature range approximately between (27-47℃). In this 

zone, there is an inversely proportion between the thermal 

conductivity and the temperature, where the curve has a 

polynomial function to the power 2 as given in the Eqns. (3), 

(6) and (9). This behavior is the same for all types of sawdust 

samples under study; namely (wo1, wo2 and wo3) but the 

differences are in the values of thermal conductivity. 
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In the second portion of the all samples sawdust the thermal 

conductivity behavior is approximately limited by the 

temperature range (47-53℃). This may be considered as the 

critical zone in which the thermal conductivity suddenly 

increased as shown in Figures 2, 3 and 4. The controlling 

equations of three samples of sawdust are shown in (4), (7) and 

(10) respectively. 

The final zone is characterized by a relatively high 

temperature which approximately begins from (52℃). The 

dropping in the thermal conductivity here happened according 

to the polynomial function as in formulas the (5), (8) and (11).  

There is interference between each two followed zone 

because the tested material is non-homogeneous. 

According to Powell et al. [21] the thermal conductivity of 

most non metalic materials decreases as their temperature 

increases. This physical phenomenon also appears in this study 

(see Figures 2-4) of thermal conductivity measurement of the 

sawdust for all samples. The difference between the thermal 

conductivity of different samples was due to the differences in 

the air gaps between their particles, therefore, the thermal 

conductivity of the first sample is less than the others, because 

it has larger particles size where the air gaps between them will 

increase more than other samples. 

 

 

6. CONCLUSIONS 

 

In general, for all sawdust samples under study, the thermal 

conductivity is inversely proportional to the working 

temperature. 

At a relatively low temperature less than 45℃, it can be said 

that the first model (wo1) is the most appropriate for thermal 

insulation purposes because it has the lowest thermal 

conductivity. 

When the temperature is more than 50℃, the differences in 

the thermal conductivity of the samples are insignificant, so 

the effect of particles size is eliminated. Thus, it is not 

recommended to separate the sawdust according to its particle 

size if they used as a thermal insulation for equipment at the 

high temperature. 

The results obtained for the average of thermal conductivity 

of wood sawdust at different temperatures were very close and 

acceptable in comparison with the results of previous studies 

[17, 22]. 

In comparison with the thermal conductivity of the 

insulators that used for solar collector insulation [5, 17], the 

sawdust may be suitable for that purpose because it has the 

same activity as well as it is light and cheap especially in using 

of (wo1). 
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NOMENCLATURE 

 

A cross sectional area, m2 

cp specific heat, kJ/kg ℃ 

dt temperature difference across the specimen, ℃ 

dx thickness of the specimen, m 

k thermal conductivity, W/m ℃ 

m mass of the water, kg 

Q heat transferred through the test piece, W 

T average temperature of the specimen, ℃ 

wo1 group sample with particle size ≥ 1.18 mm 

wo2 group sample with particle size of 0.6 to 1.18mm 

wo3 Group sample with particle size ≤ 0.6 mm 

 

Greek symbols 

 

∆tw change in water temperature, ℃ 

τ time, s 
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