ACOMPARTIVE STUDY VOLUMETRIC HEAT CAPACITY ESTIMATION AS A FUNCTION OF SOME SOIL PROPERTIES

Abd El-Dayem A.O.A , H.A.Ahmed and S.A.M. Mousa

Soil , water and Environment Res . Institute

ABSTRACT
De Vries 1963 and  Hanks 1992 methods were used to estimation volumetric heat capacity as function of soil properties . Data indicate that , the mean values of volumetric heat capacity of the stuied soils estimated by using the De Vries method are higher by a factor 1.29 times than Hnks method . The correlation coefficient between values of DeVries and Hanks is postive and highly significant r= 0.94984** ) The simple regression between values of volumetric heat capacity MJ/m3C of De Vries 1963 Y1 and values of Hanks 1992 Y2 was as following

Y1=0.291099 +0.332857 Y2

R=0.96484**

Where 

Y1 = Volumetric heat capacity values MJm3C according to De Vries method 1963

Y2 = volumetric heat capacity values MJm3C-1 by Hanks method 1992

The multible regression between values of volumetric heat capacity MJ/C1) ,fine sand C2 , SILT % C3 , clay C4 , Ca CO3 C5 , and EC dSm-1) C6 are highly signifacint r= 0.889** and r= 0.944** respectively , and the equation representing 

Y1 = 0.557842+ 1.0874E-002C1 +1.1517E-00C2 +7.489E004 C3+1.2766E002C4+7.1599E003C5 –4.323E-002C6

R= 0.889**

Y2 = 0.275434 + 1.0516E-002C1+1.1830E002C2-2.2835E003C3+1.4864E002C4-1.2186E-003C5-1.3665E001C6

R=0.944**

Where

Y1= volumetric heat capacity values (MJm3C –1) according to DeVries method 1963

Y2 =volumetric heat capacity values MJm30C-1 by Hanks method 1992

It is clear that volumetric heat capacity values is likely not only a function of particular soil system , but also depend upon the method of estimated used

INTRODUCTION


Volumetric heat capacity is a fundamental physical property that influence the storage and transfer of heat in soil . Richards et al 1952 reported specific het values for several soil types measured by different authors . They noticed that the values are always high in fine textured soils .Kohnke 1968 determined the values of specific heat capacity for water , humus , clay , mica , CaCO3 and quartz are 1.0 ,0.4 , 0.22 , 0.21 , 0.20 and 0.19 cal /g respectively . Awadalla 1977 found that specific heatvalues decreased  from coarse to fine sand , then progressively increased in the clay fraction . He attributed the high values of coarse sand fraction to its mineral composition .Compbell et al 1991 proposed at a technique for making rapid automated determinations of volumetric heat capacity . These authors designed prob that consisted of two parallel hypodermic needle (gauge 210.813 mm diam 28 mm length spaced approximately 6 mm a part )One needle contained a heater wire and the other needle contained a thermocouple in its center. Heating for 8 second was used to introduce a heat pulse (700 Jm) that could be detected with the thermocouple . The temperature –time curve was used in conjunction  with analytical theory for an instantaneous puls of heat from line  source to calculate volumetric heat capacity . Successful application of the theory for instantaneous line source of infit length assumes that 1) The heat source of finite length approximates an infinite source 2) The cylindrical source approximates a line source and 3) The short duration heat pulse approximate an instantaneous release of heat.


The purpose of the investigation reported in this paper is to estimate the volumetric heat capacity using two methods DeVries 1963 and Hanks 1992 as related to some soil properties.

MATERIALS AND METHODS


The aim of this investigation is to estimate soil volumetric heat capacity by two method DeVries 1963 and Hanks 1992 respectively as related to different soil fractions . The soil samples were collected from Abu Rawash , Alexandria –Cairo desert road and Nubaria regions . The soil textures were loamy sand , sandy and sandy clay loam. Distrubed soil samples wre air dried , crushed , passed through 2 mm sieve and stored for some physical and chemical analysis . Undisturbed samples were also taken from the same depths for some physical determinations

Physical and chemical analyses


partical  size distribution was carried out using pipette method piper 1950 , Bulk density Kulte 1986 , Soil moisture characterisic were determined according to the method described by Richards and Weaver 1944 and Richards 1947. Soluble cations and anions , were determined in the soil paste extract according to Jackson 1967 Organic matter content % was determined according to Walky and Black method described by Jackson (1947), pH was determined in saturated soil paste using Becman' s P H meter , Richards (1954) and CaCO3 % was determined using Collin's calcimeter according to Wright (1939). Some physical and chemical properties are 

shown in table 1 and 2 .
 Table (1) some physical properties of studied soils

	Soil locations
	Particle size distribution %
	Organic matter %
	CaCO3%
	Bulk density g/cm3

	
	C. Sand
	F.  Sand 
	Silt
	Clay
	Soil texture
	
	
	

	Abou Rawash
	0.78
	81.19
	5.18
	12.85
	LS
	0.20
	4.01
	1.64

	Cairo – Alexandria –Road
	87.98
	2.79
	0.76
	8.48
	S
	0.19
	0.81
	1.56

	Nubaria
	3.68
	47.30
	15.31
	33.71
	SCL
	0.60
	27.05
	1.36


C.sand = coarse sand %           F.sand = fine sand %                           LS = Loamy sand 
                                                 SCL = Sandy clay loam
Table (2) some chemical properties of the studied soil 

	Soil locations
	Soluble Cation me/l
	Soluble anions me/l
	EC
	pH

	
	Ca+2
	Mg+2
	Na+
	K+
	CO3
	HCO3
	Cl
	SO4
	dS/m
	

	Abou Rawash
	1.17
	0.54
	4.24
	0.35
	-
	2.29
	2.68
	1.33
	0.630
	7.88

	Cairo – Alexandria –Road
	0.66
	0.84
	0.89
	0.21
	-
	1.53
	0.83
	0.24
	0.26
	8.11

	Nubaria
	6.36
	1.44
	3.18
	1.02
	-
	1.75
	4.08
	6.17
	1.20
	8.19


Volumetric heat capacity 

To calculate volumetric heat capacity two equation were used in the 1 st equation (De Vries  1963 ) the used formula is .
Cv = ∑Ci Xi

Where

 Cv = volumetric heat capacity       (  J M -3 C-1)

Ci = volumetric heat capacity of the soil constituent (J M -3 C-1)

Xi = volumetric fraction of the soil constituent (vol . fraction) 

The second equation (Hanks' s equation, (1992) is 

Cv = 0.84 pb + 4.19 θv

Where Cv= Volumetric heat capacity     (  J M -3 C-1) 

Pb= bulk density                               (Mg m-3) 

Θv = moistur content                      (v/v)
RESULTS AND DISCUSSION
Volumetric heat capacity values as obtained from different  soils using De Vries (1963) and Hank (1992) methods are presented in Table (3) . There are some differences between volumetric heat capacity values estimated by the two methods Mean values of volumetric heat capacity of the studied soils obtained by De Vries method was 1658 M J m-30 C-1 and which obtained by Hanks method  was 1.282 MJm-30 C-1 . The ratio of the mean volumetric heat capacity values obtained by De Vries to mean values of volumetric heat capacity obtained by Hanks method was 1.29.  
The statistical analysis concerning the Mean, and  slandered  deviation SD . Table (3) indicated that slandered deviation ranged between .049 -  0.112 with volumetric heat capacity values obtained by using De Vries and Hanks method respectively. With respect to soil properties it is noticed that the highest value  of Coarse sand (36.90) and the lowest one is organic matter (0.128)
Table (3) Thermo – physical and chemical properties and some statistical analyses 

	Variables
	Mean
	Range
	Standard deviation

	
	
	Min
	Max
	

	Cv (DeVries)method
	1.658
	1.404
	1.835
	0.094

	Cv (Hanks ) method
	1.282
	1.092
	1.428
	0.112

	Coarse sand %
	32.944
	0.51
	88.780
	36.902

	Fine sand %
	41.853
	2.270
	83.31
	30.855

	Silt %
	8.771
	0.190
	19.34
	7.162

	Clay %
	15.313
	5.33
	43
	11.406

	CaCO3 %
	9.477
	0.431
	28.890
	10.387

	Organic matter %
	0.226
	0.11
	0.670
	0.128

	EC dS/m
	0.690
	0.25
	1.730
	0.420


C v=  volumetric heat capacity . MJm-30 C-1 

Data presented in Table (4) between thermo physical and chemical properties  revealed that correlation coefficient between volumetric heat capacity obtained by DeVries and Hanks method  is positive and highly significant (0.568*) . The linear regression between volumetric heat capacity estimated by De Vries method and volumetric heat capacity estimated by De Vries method and Hank method are highly significant as following equation  

    Y1= 0.15 + 0.681 Y2                                                      r = 0.568 ** 

Where 

Y1 =Volumetric heat capacity obtained by De Vries method 1963 

Y2 = Volumetric heat capacity obtained by Hanks method 1992 

The correlation coefficient between volumetric heat capacity values of the studied soils estimated according to De Vries method is neagative and highly significant with silt % (0.626**). On the other hand volumetric heat capacity estimated by Hanks method is positive and highly significant with clay (r = 0.607**). 

Table (4): Ccorrelation matrix between thermo physical properties 

	Variable
	C.sand
	F.sand
	Silt
	Clay
	CaCO3
	OM
	CV1
	CV2

	C.sand
	1.00
	
	
	
	
	
	
	

	F.sand
	-0.900**
	1.00
	
	
	
	
	
	

	Silt
	-0.317
	0.091
	1.00
	
	
	
	
	

	Clay
	-0.578*
	0.222
	0.287
	1.00
	
	
	
	

	CaCO3
	-0.525*
	0.131
	0.555
	0.873**
	1.00
	
	
	

	O.M
	-0.281
	0.141
	0.333
	0.370
	0.571*
	1.00
	
	

	CV1
	-0.192
	0.427
	-0.626**
	0.034
	-0.353
	0.571*
	1.00
	

	CV2
	0.446
	0.386
	-0.087
	0.607**
	0.398
	-0.353
	0.568*
	1.00


Significant at 5% ** highly  Significan at 1% CV1= (De Vrise)  CV2= (Hanks) 

The multiple regression between volumetric heat capacity obtained by DeVrise method or Hanks methods with soil properties are highly   Significant (0.88** and 0.944** respectively 0 as the following equation : 

Y1= 0.557842+ 1.0874E-002 C5+1.1517E -00C2 +7.4989E001C6 – 2.2835 E003 C3 + 1.4864E002C4- 1.2186E-003 C5-1.3665E001 C6 

R= 0.889**

Y2 = 0.275434 + 1.0516E-002C1+1.1830E002C2-2.2835E003C3+1.4864E002C4-1.2186E-003C5-1.3665E001C6

R=0.994 ** 

Where 

Y1= Volumetric heat capacity MJm3 0 C-1  according to De Vrise method (1963) . 

Y2= Volumetric heat capacity by Hanks method (1992). 

C1= Coarse sand ?% 

C2= Fine sand % 

C3= Silt % 

C4= Clay% 

C5= CaCO3?% 

C6= Organic matter % 

From linear regression equation it seems that CaCO3 and silt are the dominant variables of  De Vrise equation while clay fraction according to Hanks method . It worthly mention that it could be concluded that evidence derived from the present study indicated that volumetric heat capacity is not only a function of soil fraction but also depends upon the estimated method used .
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دراسه لمقارنه طرق تقدير السعه الحراريه الحجميه وارتباطها ببعض خواص الاراضى
احمد عمر احمد عبد الدايم ، حسام  عبد المنعم احمد  ، سمير عبد الله محمد موسى 

معهد بحوث الاراضى والمياه و البيئه – مركز البحوث الزراعيه 

استخدمت طرقتين لتقدير السعه الحراريه الحجميه وهما طريقه  1963DeVries  و طريقه Hanks 1992
وعلاقتهما ببعض خواص الاراضى
وقد اظهرت النتائج ان قيم السعه الحراريه الحجميه المقدره بطريقه DeVrise  تزيد بمقدار 1.29 مرة قدر المقدرة بطريقة Hank ووجد ان هناك ارتباط عالى المعنوية موجب بين قيم السعة الحرارية الحجمية المقدرة بطريقة DeVries  والمقدرة بطريقة Hanks ( معامل الارتباط  0.964**)  كما ان هناك ارتباط بسيط بين قيم السعة الحجمية الحجمية الحرارية لكل من الطريقتين يمكن تمثيلها بهذة المعادلة  
Y1=0.291099 +0.332857 Y2

R=0.96484**

Where 

Y1 = Volumetric heat capacity values MJm3C according to De Vries method 1963

Y2 = volumetric heat capacity values MJm3C-1 by Hanks method 1992

كما وجد ان ارتباط مركب عالى المعنوية بين قيم السعة الحجمية الحرارية (MJ-30C-1) ( المقدرة بطريقة Hanks, و DeVries مع كل من الرمل الخشن % C1 والرمل الناعم % C2 والسلت % C3  واطين C4 وكربونات الكالسيوم % و C5  وال ECdS/m C6  ويمكن تمثيلها بالمعادلتين الاتيتين 

Y1 = 0.557842+ 1.0874E-002C1 +1.1517E-00C2 +7.489E004 C3+1.2766E002C4+7.1599E003C5 –4.323E-002C6

R= 0.889**

Y2 = 0.275434 + 1.0516E-002C1+1.1830E002C2-2.2835E003C3+1.4864E002C4-1.2186E-003C5-1.3665E001C6

R=0.944**

Where

Y1= volumetric heat capacity values (MJm3C –1) according to DeVries method 1963

Y2 =volumetric heat capacity values MJm30C-1 by Hanks method 1992

ومن ذلك يتضح ان قيم السعة الحرارية الحجمية لاتعتمد فقط على خواص الاراضى بل يجب ان يؤخذ فى الاعتبار طريقة التقدير المستخدمة
