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)�Y ,-TZË m�-�U Z#�/� ,Ì�Z@ $. Ê-X3" e$E] ÉZ/Ë$=�~»Y. ¨Y|@Y )�1U = Ê3H2 .Y1» �-DÌ] |Ì214 ,] Ê]ZÌ-�. ÉY�] .

kY�AY $. LY=Y�T .1+ G564 = |Ì214 Z] Ê-X3" ÉZ/Ë$=�~»Y.É$=�~»Y. OÌv» )�Y|/] = )»!� |<Y ,-?Y|<Y Ã�AZz» ,] Y$ )�Ë� .
�Y ÊËZÌ5Ì� ÉZ#.1+ �Y GÌ�= Ã.Z*-�Y = dD+ = ,k�A ^Ë �Y É$=�~»Y. L|� Ê-X3" )¸� ,] Ê<Y1Ì@ h(1iT G564 = Ã1H<Y |Ì214

.1� CË|H4 C°D» ^Ë ,] Z# É$=�~»Y. Ê��T V1�v» ¾ËY GT. Z4 Ã|� |�Z] Ê6Ë$|4 $1S] ,�´Ë. k�A.|Ì214 hZÌi-:» �Y ,Q �UY 
YÊ<Y1Ì@ h(1iT ZË .1+ Ã1H<Y |Ì214 Ê2= ,)�Y Ã.1] Ê-X3" ,] Ê-3� ÉZ/Ë$Y|c�» ZË Z/Ë$Y|»Y. CË|H4 ,$1ÌA = &Y. ÉZ# Ã.$=B�T Ã1H<

|�Z] Ê» ÊËZ#|@Y= ¾Ì3Q ^*3Ë( ŽEm EÌ< $1ÌA = &Y. m$=�_ e$E] ÉZ#|@Y= C?Y. $..Ã=!� ,�»Y ¾ËY�]L.1] �4 É.Z�-'Y ,
$Y $. ÊËZÌ5Ì� ÉZ#.1+ k��» Ê<Y1Ì@ ÉZ#.1+ L|<Z» k��» Ê] Wm1» ,ÊjY)C:< = C5@ .ZË� ,3ËE# CÌ2. ,] ($. LB G564 =

¾ËY .$Y1» W¸cY $. ,°¸] ,Ã.1H< m=�T C]Z' Ã|� |Ì214 .1+ Z/34 ,< ,°Ë$1A ,] ,)�Y Ã|� É$Y|c�» ZË É$=�~»Y. e$E] ;$YE» kY�AY

 LB L.15< &=|X» ÉY�] kYEU ÉZ# ,3ËE# C5v4 ,] $1H6» Z#|@Y=|<Y Ã.1].
�Y�l< ,S:<.1� Ê» Ã|Ë. |»Zm = 8B�Y ÊA1¸z» h$1" ,] .1+ Ê°ËEÌT .ª¸X» = Ê<|� ,ËE64 .Y1» k�X» .1+ |»Zm .Y1»
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] ,+, |<Y Ã.�+ É|3] 7Ì�:4|�Z] Ê» .1+ Ê°Ë0121†$ hZÌ"1�? = ,-Ë�1°�Ë= ,^D? .Y1» �Y ÊX]Z4 h$1" ,),É$|322005(.
4 )v4 ,°¸] ,.$Y|< Ê´-�] LB Ç|<�ÌU�] $. |»Zm .Y1» ,] O:T .1+ ÉY�] Ã|� &Z6<Y ÉZ# É|3] ,:HA ¾Ì] h=Z*4 L1n5# Ê¸»Y1��ÌY“

&Y. ÊËY%c 7Ë0$Ã.Z*-�Y .$1» .Y1» $Y|:» = ;1< ,&Y. �-�]$. ,|�Z] Ê» ,.1� Ê» Ã.Z*-�Y &Y. ÉY�] ,+ ÊËY%c = 8B |<Z» u_ LYEÌ» .�Y

‹ZHË�:4 = )�Y GËZ» �]Y�] ,� |»Zm Ê»Y. .1+ |Ì214 ,Ê<�= ŠZv2�Y Ê5Ì< = �*�T &Z54 ,h�Y 5
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NZ-_ $. Ê»Y. .1+ $. .1m1»
|�Z] Ê» E+�5-» LB |»Zm )5�' ..1+ Ê-5�' G'Y= $. Ê»Y. |»Zm Ã�Ì� �ÌYZ4 )v4 ,+ |�Z] Ê» LY1Ì@ k��» .$1» ,T1¸� �Y

)�Y Ã|»ZÌ< $. LY1Ì@ ÉY�] 8%m C]Z' h$1" ,] Ê2= ,-T�U $Y�' m$Y1U ÃZ´-�..
|<1� Ê» LB L.�+ 1_. ,] $1H6» Z# É$Y.=ZU ,É|Ì214 .1+ )TZË�Z] ÉY�] GË�� Ê�=$ .1H< CÌ2. ,] .$. Ã|� |Ì214 Ã�Z4 .1+

Ê-]1A$ ÉY$Y. Z# É$Y.=ZU É(Z] 80» Ã|� 1_. .1+ CÌ2. ¾Ì5# ,] = )�Y |"$. É$Z5Ì] C»Y1� |�$ ÉY�] ÊH�Z3» Cv ÉY�] Y�
|�Z] Ê» Z/»Y..¾ËY �] Ã=!�,Ì<1»B $ZD-<Y |�Z] Ã|� 1_. .1+ Z] = L0=�-Ì< |Ì�+Y ,g.1� Ê» ;1HS»Z< É1]4[.$. .Y1» ¾ËY $ZD-<Y

|� |#Y1? ÊSÌv» )�Ë� ÊU.12B L|»B .1m1] |�Z] )XÌHA]7[..1+ GË�� )TZË�Z] = Z/Ë$Y.=ZU $. RÌv" )Ë�Ë|» ^Ë &Z6<Y
.1� Ê» h!°D» ¾ËY L|� 7+ |�Z] .|�Z] Ê» Ã�Z4 .1+ É(Z] )]1A$ .$Y. .1m= .1+ GË�� )TZË�Z] $. ,+ Ê4!°D» �Y Ê°Ë.

|�Z] Ê» LB L.�+ ^D? .�+ Ã.Z*-�Y LY14 Ê» =ZU .1+ GË�� )TZË�Z] ÉY�] ,+ ÊËZ/�=$ �Y Ê°Ë.? .1+ ÊU.12B ÉY$Y. ^D

 Ã�Z4 .1+ ,] )H�< É�-5+)�Y .Ç.Z» ^Ë LY13X] LY14 Ê» Y$ ^D? .1+|Ì*» Ê2B.�] $Z°] É�$=ZD+ ÉZ/3Ì»� $..Ê» ¾Ì3n5#

.�+ Ã.Z*-�Y Z# É$Y.=ZU $. �-�] LY13X] LB �Y LY14 .Ã.1] |Ì�$1? ÉZ»�U �Y Ã.Z*-�Y ,.1+ L.�+ ^D? Ê5Ë|' ÉZ/�=$ �Y Ê°Ë
)�Y .» ÉZ/-ËE» �Y|�Z] Ê» �ZÌ< .$1» É0�<Y = ÊT��» È3ËE# L.1] 7+ m=$ ¾ËY 7/..Z6ËY |3<Z» Ê4!°D» ÉY$Y. m=$ ¾ËY Z»Y

|�Z] Ê» .1+ L|� �z_ = L|� ^D? LZ»� L.1] Ê<(1A ,ÊSÌv» ÊU.12B .É01213°4 �Y Ã.Z*-�Y h$=�j CÌH' ¾ËY �Y Ê4!°D»
)�Y Ã.$=B .1m1] .1+ L.�+ ^D? |3ËB�T ÉY�] Y$ |Ë|m .�]¾-�<Y. ,.1+ L.�+ ^D? )/m W�Z3» ¾+ ^D? ^Ë )?Z� ÉY

 .1+ Ê4$Y�@ $ZD-<Y WË�j = ÃƒË= ÉZ»�U ,h$Y�@ )ËY|# WË�j ,gZ°S"Y ,ÊU|3H�Q CÌH' �Y .1+ Ê4$Y�@ = Ê°ËEÌT >Y1?

|�Z] Ê» É$=�j ..$Y. .1m= Ê4$Y�@ $ZD-<Y WË�j É�ÌU Ã$Y|†Y ÉY�] Ê<1UZ<1U ÉZ/�=$ .= �¸*<|Ë=1#�T

Ž
VZ�$. 2004 Ê�=$ ^Ë 

|<.�+ .Z/3DÌ_ u» = 7Ë$Z] hZ*21� ,)Ì-<Z» ,] ,ÌH� �¸ÌT .Y1» Ê4$Y�@ $ZD-<Y WË�j É�ÌU Ã�Y|<Y ÉY�] Y$ .q<ZË LY$Z°5# =˿
$. 

VZ�2002|<.�+ ¾ÌÌX4 Y$ LZ]�=ZU CU Ê4$Y�@ $ZD-<Y WË�j .$ZD-<Y WË�j É�ÌU Ã�Y|<Y ÉY�] É.ZË� ÉZ/�=$ ,°3ËY .1m= Z]
. .1m= .Y1» Ê4$Y�@ |3-�# �ËZ»�B &Z6<Y ÉY�] É$Y1�. OËY�� = Ã|ÌnÌ_ CËZ�= |3»�ZÌ< Z/�=$ ¾ËY �Y &Y|+ �# Ê2= .$Y]8[.

1- liquid 
2- slurry 
3- semisolid 
4- solid 
5- Weidenfeller and Hofer.  
6-Yang et al.  
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1- Bairi and Laraqi. 
2- Bessel.
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 \$e�e Ä]50A60A70!C°80|� Äf+�B �O¿ �{(/Ë 'yY{ �{ Ä¿*%¿ É!Zu Ä¿Y*f�Y FG� A|¿*� Z»{ @9 g: Z] Ä¿Y*f�Y ! Ä¿*%¿ Ze
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ÉZ»{ DY�$$he ! A|� Ã{Y{ �Y�( Ä¿*%¿ Z¯�»)Tma(�B_ZfË{ /Ë �Y Ã{Z¨f�Y Z](CHY502A, Taiwan)|Ë{ B d^  �e*$G»Z¯ �{.5ËY 
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d+�B iZj¿Y.

3-lËZf¿ 
'C�)1(�Y{*%¿)ș(Ln"|� {�� "Z»� ']Z4» �{ Y�9 Ä¿*%¿ ÉZ»{ �{ {*¯ ÉZC°40ÉZ=f]*&� !;6f<» » "Z�¿ |9{ Ê.

'C� �{ Ä¯ �*�¿Z%9)1(5$] Ê¨#» \$� Z] Ê�y ,�]Y� /Ë d�Y k<�»)ș(Ln�Y�( �] "|� {�� "Z»� !|�Z] Ê» .5$#J%9
|]ZË Ê» >9Z¯ \$� �Y|4» d]*&� M�� >ËYZ+Y Z].,�]Y� ! "|� {�� "Z»� 5$] )ș(Ln*$��B� '$6ve �Y Ã{Z¨f�Y Z] ÉY�] Ê¿

|»: d�|] >ËZ»�: {�*» ÉZ9Z»{ ! Z=f]*&�.I!|L)1(Z9�f»Y�Z? 5$] Ê�y ,�]Y� É)ș(Ln! "|� {�� "Z»� !R2Ä¿*%¿ ÉY�] Y� 
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d�Y Ã|� Ä^�Zv» .E*�y \$� Z»{ >ËYZ+Y Z] d]Z  ÉZ=f]*&� �{ A{*� Ê» Ã|9Z�» I!|L �{ Ä¯ �*�¿Z%9)A(|]ZË Ê» >ËYZ+Y .

�Y d]*&� >ËYZ+Y Z] d]Z  ÉZ»{ �{ 5$#J%9%20Ä]%40+ZË >ËYZ+Y \$� {�Y{ Ê�9Z¯ |¿!� ": �Y F? ! Äf.
,-{Z.» �Y Ã{Z¨f�Y Z] Êe�Y�u �Z�f¿Y \Ë��)7(@�� �Y Ã|»: d�|] E*�y \$� �Y|4» Ä] ÄL*e Z] !)ș(Ln"Z»� ']Z4» �{

|� Ä^�Zv» >ËZ»�: �{ Ã|� Ã{Z¨f�Y ,¿Y*f�Y YZ.� "{*] i*6.» ! "|� {�� .�Y|4»Į�Y 7-10×11/2Ze8-10×04/9)m2/s(d�|] 
»:|.
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Determination of Thermal Diffusivity of Manure by a One-Dimensional (1D) 
Fourier Cylindrical Equation 

Abstract 

The drying dairy manure is usable for different purposes in agriculture and livestock. 

The heat properties of manure such as specific heat, thermal conductivity and thermal 

diffusivity are important factors for designing and building of a suitable dryer. In this 

research thermal diffusivity of manure was determined using a one-dimensional (1D) 

Fourier equation applied to a cylinder. Experiments were done at temperatures of 40, 

50, 60 and 70°C and moisture contents of 20, 40, 60 and 82% w.b. The thermal 

diffusivity of manure was calculated by the slop of the logarithmic dimensionless 

temperature (ln ($)) versus the cooling time. The values of thermal diffusivities of 

manure were found from 2.11×10-7 to 9.04×10-7 m2/s. A parabola model adequately 

described the relationship among the thermal diffusivity Į, moisture content and 

temperature of manure, with coefficient of determination of 0.991. A linear trend was 

observed with increase of the thermal diffusivity of manure by increasing of 

temperature. At constant temperature, the of thermal diffusivity increased by increasing 

of moisture content from 20% to 40% (w.b.) and decreased at moisture contents above 

40% (w.b). 

Key words: Fourier equation; Manure; Parabola; Thermal diffusivity.  

 


