2.1

J.A. Edwards

Difference

90

PK. Vitta (1985)

(2537)

1.10

12, 10

1.10

8

2.15

16

150 FPM

2.75

100 FMP
28 - 29°C

Finite

0.55



HOftunnin " 3 3
Imn"nirawwiirtHftTo

(Regression)

HE = -1873 + 0.295(< )+ 0.019(A) + 0.002(V)

0S = ( )
A = ( )

Vo= ( )

HE = ( )

M. SANTAMOURIS, G.MIHALAKAKOU, C.A. BALARAS, A ARGIRIOU,
D.ASIMAKOPOULOS M.VALLINDRAS (1995)
(Earth to air heat exchanger)

1000 Agrinion

(2541) 05, 1 15 2

Condensing Unit 12,000

Condensing Modify
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COP
8.1
28 31
1347

(2544)

12-19

40

32 - 65

(conduction shape factor)

67

10

33 - 60

2
12 )

11

81



2.2

2
1. (Thermal resistance of soil, Rg)l
By
d
L 7T
NS
Earth fo
2.1

Uninsulated Buried Pipe)

R {( 1I-0)+[ [-0)2
h= 2nK5
R In(2 //+0)
h=  2KKs
Rg =
Kg=

(Single
- 112>
d/r0>1
d/r0>4
, M-KIW
0K

1 ASHRAE, ASHRAE System and Eailipment Handbooks (SI) 1996. Atlanta, 1996 p. 11.13

22)
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0= ,

2. (Thermal resistance of wail, Rp)2

T([) = Ts1

Ibid., p. 11.13

a7

dry

T(r2) = Ts2

Hot fluid
- /
(23)
2.3
2.3



— —kA—= —k(27trL)—
° dr ( )dr

JiLk(Ts -T 512
T Wo )
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Rj = (Rs+Rp), m-K/

Ibid., p. 11.13



(parent material)

(gravel) (sand) (silt)

profile)

(soil texture)

particles)

1. Sand
2. Silt
3. Clay
(separate)

(lower limit)

(organic matter)

(clay)

(soil

(inorganic

(soil separates)

(upper limit)



(water holding capacity)

(aeration)

(sail strength)

(Sand)
quartz  feldspar

(

(aggregate)
(single gain)
(pore)
(water retention)

very fine sand)

(absorh)



(Sil)

(Clay)
clay

(adhesion)

(shrinking)

13

sand

secondary minerals

aluminosillicates

(cohesion)

(swelling)
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(Textural Classification)
3 (sand), (silt)

(clay)

(textural classes)
12 2.3

silty dlay’
Y loam

10A
e B
percent sand
2.3 (soil textural triangle)4
(sand) (silt) (clay)
(sand), (silt), (clay)
40% 38 % 22%
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(Soil Textural Triangle)

(loam)
(clay)
(sand)
(silt)

40% (clayey

s0ils) (silty soils) (sandy soils)
80% 90%
(loam)
(loam)
2

(Soil temperature wave)
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Sine Curve

(2.10)5
T(0,t) Z=0( ) t
T ( )
A0) (Amplitude) (
)
) 27
)= 21124 1t
)= 211365 1t
Z t (2.10)
T(Z,t) =71 +A(Z)SIN(CTt -z 1D")
(2.11)6
TZY) Z t
AZ) = A(0)eD
D damping depth Z
D e 037 A(0)
damping depth
(=(2x )k (peak) z
-ZID

5 Daniel Hillel, Fundamental of soil physics, p. 304.
6 Ibid., p. 304.
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Period

Temperature  §

...... 8 .2
5 g
3 . ot
1 g D
TIME (i) TIME (mhh)
() ()
2.47() 2.10
()
()
0.0005 %
(extraterrestrial solar
radiation) v '
1360 [/ 2 294 M3 | ( 2 day)

300 - 400

" 1bid, p. 305



(scatter)
100 %
( direct beam) 28 %
( reflection)
absorption) 37 %
sky radiation)
radiation) 45 %

16 %

(global radiation)

18

c02,02,03, D

19 %

( scattering)

( global
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(heat transfer processes)

(radiation) (heat convection)
(heat conduction)

0K

(electro-megnatic waves) Stephan-Boltzmann



| (temperature gradient)

(latent heat of evaporation)
condensation)

1

20

(latent heat of



(complexation and spéciation)
reactions)

] . Ktnmynsinan)
I« ' %a

(exothermic
(endothermic reactions)
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BARUCH GIVONI
LEON KATZ
(Soil Properties)
( Local conditions)
(Time or Season)
(Depth)

typical pay- 7 AUGUST
0123456T.9IOIICQISNl5l.6|718!9202l222324

5 7

——

33°C

27° {

25"

o g w1 4

®—@ CRYy, BARE SO WET, THICX GRAVEL LAYER O——O
30CM  A—a 7 e R
®——@ OUTDOOR AIR TEMR SURFACE TEMR = =wcwwe.

5



Undisturbed

Ground Temperalure, °F
0
N
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BARUCH GIVONI LEON KATZ

Bharadwaj Bansal

(Dry sunlite surface)
(Wet sunlite surface)

Temperature in °F

-20 -10 Tm +—10 +20
e mnge s oag eyt s hls s DRe iy s eognssgonsapgneany

= a

wet Soil =5
SR - E

Average Soil o =
168 c
- =

Light Dry Soil = ]
—
— za
— 28

(a) By depth

M onth
FE M A M 4 Jd A

Swi0f

| mmoist soit |

A A i = e 1 A A A A A A
O 40 80 120 160 200 240 280 320 360
Day of the Year

{(b) Annual

2.6
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Vaporiz
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(soil moisture content)
(quantity)
(mass water content),
(volume water content) (depth water content)

=A*100
M5

(2.12)

Ms =

105 110
24

oven-dry soil



Heat exchan
Grounq loop . In evapprato

ger"

Cool air

2.8 ]

2.9
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(heat source)

(heat sink)
(underground loop) 2 (1)
2) (closed loop)
(open loop) ' '
(well) 1
1
water)
2.10 ol
=
__ _
2.11 2

27

(open loop)

%

(surface
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(closed loop)

Horizontal Loops

earth loop

(antifreeze solution)
4

28
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Horizontal Loops

STNGLIB -ANT» STACKED HORIZONTAL EARTH COU.S

Earth Backnilt

Soaker Line
{opticoaal)

Earth Coil

Earth Backnn

Sand Fin
Earth Coil

2.14

Earth Backift

Soesher Lioe
(oprionsi)

Earth Coit

Existing Grade

Earih Backnn

Sand Fild

Easrth Ceoit

Horizontal Loops

29
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C. FOUR VERTICAL PIPES PER TRENCH  D. FOURPIPES PERTRENCH £ SIX PWPES PER TRENCH
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- Vertical Loops

A
ik /l i

Vertical - Parallel [ Vedical _Series |

2.16 Vertical Loops
GROUND LEVEL
(BACKFHA WITH CARE—NO SHARP ROCKS)
BELOW FROSTLINE
OR & MINIMUM DEPTH

ELBOW—DOUBLE CLAMP IF NYLON

DEPTH VARIES

2.17 ' Vertical Loops
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- Slinky Loops

Svec spiral collector

-
»—//«3//,'//?’/,//%‘/_—;3,,—?)

TOP VIEW

—

General Layout of a Spiral Earth Coll

2.18 Slinky Loops



- Pond Loops

ume

2=}

f FLUSH

P VALVES
N T

& w__ HDPE Coils with
UV Protection in
Loose Bundles.

Unbind Coils from Tight
Shipping Bundle. Separate
and Rebind in Loose Bundiles.

Weighted \Z
Tires c“‘"

Lake Loop Piping

2.19 Pond Loops
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