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Abstract 

 

Warm water is circulated through the soil medium in order to maintain the plant root zone 

above same critical temperature. In power plants reject heat from steam through the 

condenser, the waste heat, could be a suitable resource for soil heating. This work presents 

theoretical and numerical models. Two methods are applied with water temperature (20°C, 

30°C, and .50°C) to give the temperature distribution in the soil around buried pipes 

carrying hot water. The Models used to calculate the required heated land area using the 

heat from power plants of Daura Steam Power Plant where the discharge 85000m3/hr at 

Tw = 20°C which is cover the land area (44.7Km2) with piping of (4cm) diameter and 

length of(10714m). The theoretical results are compared with experimental published work 

(Johnsion 1976) and showed good agreements. 
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لخلاصةا  

 

ىننٌلمميي ننٌلماننخلحمهلمماننامجةلممَضحئننتلممممننضت تولىننٌلىاقننضثلحرماننحلممقضئننتلمم ةا ضتاننتلمخحعمننتلممخا ننت لحننخول نن ُلمم يناننتل

ىحعرٍننتلحاننجلاننقبلممخا ننتلاخئنناال ننحملنةضلمميننض لمماننضجلمملننضجتلىننٌلى اقننضثلىاقننضثلحرماننحلممقضئننتللبأٍض انن ضاننخلحمهل

مميحعرٍنتلحانجلانقبللملأٍض انبجخضضااٌلماسضبلحرزخعلدججضثلمماامجةلعيلممخا نتلونر للٍيرذجاٌمقحلحولعيلللمم ةا ضتات 

لمماخضضننيلممخاناننل  نن ضًل   نن يضلماننخلحمهل اخقننتلممخا ننتلاممخننيلخئنناال ننحملنةضلمميننض لمماننضجلل ضاننخلحمهلمماضاننربلاممَيرذج 

(Analytical)كةا نض لممنحاجةلممبلضجخنتلعنيل  نحمدللاممخيل بقجل حججتلونامجةلىاقنتل(Tw = 20 
0
C)ادججنضثلونامجةلل

 Tw = 30)لألاى
0
C,50 

0
C)اخقتلممقااقلممياحدةل لال (Finite-Difference)اممخيلح قيلحرزخعلدججنضثلممانامجةلل

 Boundary)امملانناا لمماحخننتل(Initial Conditions)خ اننالممننوىٌلا ضاننخلحمهلمملانناا لم  خحمتاننتلعننيلممخا ننتلىننعلمم

Conditions)اممخننيلحياننللدججننتلوننامجةلاننقبلممخا ننتلل(Ts)ادججننتلوننامجةلعيننبلممخا ننتلل(Tso)ىخننالل1عنننملىسننضعتلل

 لاخي نٌلمانخلحمهل ن ملمميردخنللعنيلمميحعرٍنتللملأٍض انبا رماقخةضلخخولمخئضدلحرزخعلدججضثلمماامجةلعنيلممخا نتل حئنتلونر ل

ممقاخبتلىٌلىاقضثلحرماحلممقضئتلمم ةا ضتاتلكأًلح رًلىاقتلكةا نض لممنحاجةلممبلضجخنتلاممخنيلخنخوللحمةنضلوسنضبللملأجمضي

Km 44.7)مميسضوتلمميامدلححعمخةضل
2
اكيانتلممينض لممنحملللل(0C 20)عنيضلمًلدججتلونامجةلممينض لمملنضجتلىنٌلممي اقنضثلل(
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ممَخضتجلمميسخاصنتلىعلممَخضتجلمميلخباختلمميَلانرجةللئرجٍجلل ل(10714m)ا أ رم لل(m3/hr 85000) يلللملأٍض ابعيل

 احباٌل أًلممَخضتجلئاخبتلممخقض بلىعلممَخضتجلمميَلارجةل 

 

Introduction  

 

Soil heating is an important modern technique in high production controlled-environment 

agriculture. Warm water is circulated through the soil medium in plastic or steel pipes in order 

to maintain the plant root zone temperature above same critical level. These can provide a 

considerable economic benefit for the producers who use a soil heating system. In cold 

climate the warm soil provides an improved environment for plant growth and in the light of 

present high energy costs can result in considerable savings in heating cost. The power plant 

waste heat could be used to provide soil warming for agricultural purposes, Shapiro(1975), 

Shapiro and Roller (1975) as mentioned in Elwell et al.
 [1]

 (1985).  Very large quantities of 

low temperature reject or waste heat are potentially available today as a by-product of various 

industrial processes. In steam electrical power plants much energy is rejected through the 

condenser cooling water. In most cases, however, the rejected thermal energy is contained in 

large quantities of relatively low temperature water. On the other hand, this can constitute a 

suitable resource for soil heating. The waste heat could be a suitable resource for soil heating. 

The feasibility of using power plant waste heat in a system which would provide soil warming 

for agricultural purposes which are very important to maintain the plant root zone 

temperature. Gosse
[2]

 (1990) applied One-dimensional heat transfer in semi- infinite body 

solving about equation by analytical method which is giving temperature distribution in soil.  

The heating effect due to buried pipes uniformly distributed through-out the root zone in order 

to benefit crop growth. Alpert and Dewalle
[3]

(1976) determined both experimentally and 

theoretically the temperature distributions around the buried pipes and heat flow from the 

buried network Mahrer and Avissar(1985) examined Two - dimensional heat transfer in soils 

with ridged and furrowed surfaces. Kluitenberg and Hoton
 
(1990) considered a problem in 

which surface temperature is specified as a known function of time and horizontal position . 

They specified this function by calculating surface temperatures with the numerical model of 

Chung and Horton
[4]

(1987). Farberov et al.
 [5]

(1991) showed that at present waste heat from 

nuclear and thermal electric power plants used for heating the soil .Nassar and 

Horton
[6]

(1992) compares predicted and laboratory observed values of temperature from 

Horton 
[7]

 1989). 

 The Present work deals with analytical and finite-difference methods to solve the unsteady-

state partial differential equation to determine the temperature distribution in the soil around 

buried pipes assuming constant thermal conductivity of the soil following, Kendrick and 

Havens
[8]

 (1973). The model is concerned with the waste heat of power plants (Daura power 

station or any other power station) for heating the soil for agricultural application. A computer 

program was written to solve these equations to give temperature distribution in the soil. 
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Analytical Solution 

 

Figure(1) shows diagram of a system of buried pipes at the same depth below the 

surface of homogenous soil . Figure(2) shows a portion of the soil warming system 

considered , Fig(3) shows soil warming model and Fig(4) shows configuration of heat source 

to calculate the temperature distribution at any point in the soil from equation  by images 

method is given as in Jakob
[9]

 (1957) ; 
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The temperature water inside the pipe is given as : 
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The necessary length of  pipe is given as: 
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The cooling water flow rate from the condensers is given as: 

 

m


= Qw                                                                                                                                                                                 (4) 

 

The total number of pipes in the system is given as: 
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 (2N+1) = 
Total wate

Water flow

r flow rate

 rate per pipe
                                                                                    (5) 

 

N is no. of pipes at right or left center pipe . 

The mass flow rate of water through a single pipe is given as: 

 

w
N

Q
m 












12


                                                                                                        (6) 

The total area heated is given as: 

AREA =  2NSZ                                                                                                          (7) 

 

Numerical Method 

 

The transient partial differential equation cover the temperature distribution in the soil is 

given as in Holman
[10]

 (1989) ; 
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Where: 

 T is the temperature 

x, y are the distance from the buried pipe  in two perpendicular directions 

 is the time 

 is the diffusivity. 

The alternating-direction implicit method (A.D.I.) was used, Salah
[11]

(1998). Equation 

(8) may be written in form For X; 
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The Final equation for X- DIRECTION is  

 

-r Ti,j-1,n+1 +(1+2r) Ti,j,n+1- r Ti,j+1,n+1 = 

 

 Ti-1,j,n + (1-2r) Ti,j,n + r Ti+1,j,n                                                                                   (10) 
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For Y , Equation (8) may be written in form ; 
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The Final equation for Y- DIRECTION is : 

 

r Ti-1,j,n+1 +(1+2r) Ti,j,n+1 r Ti+1,j,n+1 = 

 

r Ti,j-1,n + (12r) Ti,j,n + r Ti,j+1,n                                                                                  (12) 

 

For solving the equations (10) and (12) with appropriate conditions the distance between 

pipes (S), 

Depth (h) and time domains of the soil are divide into a number of equally spaced intervals 

( x = y ) and time intervals ( t ) was shown in figure(5) were (i) refers to depth (h), (j) 

refers to space between pipes (S) and (n) refers to time (t). The step sizes chosen in this work 

are   ( x = y = 0.05m) and t = 1 hour. 

 

Result and Discussion  

 

Figure (6) shows the steady state temperature distribution around buried pipes in the soil, 

carrying hot water at (Tw = 20
o
C) and at depth of (h = 30cm) from soil surface. The pipes are 

separated by distances (s = 20cm) and temperature of soil surface (Ts = 5
o
C). The pipes heat 

flux are sufficient to form a cylindrical dry core region. This produced a very considerable 

reduction of the soil thermal conductivity in the dry region and hence very steep temperature 

gradients around the pipes in the soil. The lines of temperature contours above the buried 

pipes are closed to each other. Therefore the distance between the lines of temperature down 

the pipes are comparatively more than the above lines. This is due to the temperature at soil 

surface is less than the temperature at (1 m) depth from the soil surface. Figure (7) shows the 

steady state temperature distribution around buried pipes in the soil carrying hot water at 50 
o
C (Tw = 50 

o
C) and at the same depth of figure (6). The pipes are separated from each other 

at the same distance of Figure (6) and at the same temperature of soil surface. The pipes heat 

flux, sufficient to form a cylindrical dry core region is greater than that show in Figure (6) 

because the source of heat is at 50 
o
C. This again produces a very considerable reduction of 

the soil thermal conductivity in the dry region. Figure (8) and Figure (9) shows the 

temperature distribution around the buried pipes at the same conditions (Ts = 12
o
C, s =0. 2m, 

h = 0.3m) except carrying hot water in the pipes at different values (Tw = 20
o
, Tw = 50

o
C) .We 
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notice that in these figures that the accumulated increases around the buried pipes , due to 

reduce heat loss getting to the surface .Figure (10) represent pipes carrying hot water at 20 oC 

and at depth (h = 30cm). The pipes are separated by distances 30 cm and temperature of soil 

surface 5 
o
C . Figure (11) for other case of hot water (Tw = 50 

o
C) and same condition of 

Figure (10) in this case the distance between pipes is 30 cm. It can be noticed from the figure 

that more heat transfer to soil. Figure (12) shows temperature distribution around buried pipes 

in the soil, carrying hot water at 20
o
C and at depth of 40 cm from soil surface. The pipes are 

separated by distances 30 cm (S = 30 cm) and temperature of soil surface 5
o
C.Figure (13) 

shows the temperature distribution around buried pipes in the soil, carrying hot water at 50
o
C  

and other parameters at same conditions in Figure (13). Figure (14) shows the temperature 

distribution around the buried pipes in the soil, carrying hot water at 20
o
C and at depth of 30 

cm (h = 30 cm) from soil surface. The pipes are separated by distances 40cm and temperature 

of soil surface 5
o
C. Figure (15) shows the temperature distribution around buried pipes in the 

soil carrying hot water at 50oC and others parameters at same conditions in the Figure 

(14).Figure (16) shows the temperature distribution around buried pipes carrying hot water at 

20
o
C and at depth of 40 cm. The pipes are separated by distances at the same in the Figure 

(15), also the temperature of soil surface same in the last Figure. Figure (17) shows the 

temperature distribution around the buried pipes carrying hot water at 50
o
C, and other 

parameters are the same in the figure (16). Figure (18) shows the experimental steady state 

temperature based on Johnson (1976) compared to the present work. 

 

Conclusions  

 

It can be concluded that the method of heating soil is of benefit for plant growth in cold 

season and this method could be used instead of covering the plant with plastic covers. The 

waste heat of power plants is good source for heating soil, such as Daura steam power plant. 

The depth of buried pipes at 40 cm is more convenient for heating the root plants. Even the 

low temperature of waste power plants could maintain the required root temperature because 

temperature during day time is about (18
o
C) and at right time is about (16

o
C).  The soil 

warming has two benefits in agriculture: extension of the growing season for crops and 

acceleration of plant growth. When the waste heat is removed from hot water circulation, it 

can either be returned to its natural origin with out harm to environmental or recycled again. 
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Fig.(1) 

 

Fig.(2) 

 

Fig.(3) 

 



Journal of Engineering and Development, Vol. 16, No.1, March 2012  ISSN 1813- 7822 

 

280 

Fig. (5) Graphical Representation of two – 

Dimensional Transient Conduction. 

Fig.(4) 
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Fig.(8) 

 
Fig.(9) 

 

Fig.(6) 

 
Fig.(7) 
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Fig.(14) 

 
Fig.(15) 
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Fig.(18) 

 
Fig.(19) 

 
a. Jhonson (1976).                                         b. Present results. 

 
Fig.(18) Comparison of present results with the experimental work of 

Jhonson (1976)  . 
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Nomenclature 

 

Symbol    Definition  Unit 

Cp Heat capacity of water.                                                                            [J/Kg.
o
C] 

h Depth pipe is buried, measured to pipe center.                 [m] 

k Thermal conductivity of soil.                                                     [W/m
2
.
 o
C] 

m


 
Mass floe rate of water through a single pipe.                                  [kg/sec] 

n Counter numbering from center pipe.  

N Number of pipes on either side of center pipe.  

Q Discharge. [m
3
/sec] 

q


 
Heat flow rate per linear length unit of pipe at longitudinal coordinate (z).             [W/m

2
] 

r Radial distance from pipe center.                                                                              [m] 

ri Radial distance from image heat sink.                                                                       [m] 

R Outside radius of pipe [m] 

S Lateral distance between pipes.                                                                                  [m] 

t Time.                                                      [sec] 

T Temperature of medium at any radial distance r.                                                     [
o
C] 

TF Final water temperature.                                                                                           [
o
C] 

TI Initial water temperature.                                                                                           [
o
C] 

TS Temperature of soil surface.                                                        [
o
C] 

Tw Temperature of water in a pipe at coordinate Z.                          [ C] 

X Horizontal distance from source of sink , Cartesian coordinate.                            [ m]. 

Y Cartesian coordinate .                                                                                  [m]. 

Z Necessary length of pipe to drop the water temperature a required amount      [m]                                                                                                                  

i , j , n Refers to grid point.  

   

Greek Symbols 
 

Symbol Definition  Unit 

s Thermal diffusivity of soil [m2/sec] 

w Density of water [kg/m3] 

s Density of soil [kg/m3] 

                                   

  

                      

   


