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Abstract

This project was focus on the possibility of using ground as a heat sink of air
conditioner, it’s found that it’s possible. First, we study the potential of ground to use it as a heat
sink. By using a mathematic model, We found that a ground temperature became constant at 1 m.
depth and the annual average ground temperature was 27 degree Celsius. To this end, we modify
a condensing unit of normal air conditioner and the copper coil of condenser of about 65 m. ( 22
m. for normal unit ) was buried at 1 m. depth where the ground temperature was constantly in
yearround. The required amount of R-22 refrigerant was 5.9 kg. ( 1.1 kg. for normal unit ).It’s
found that with this modified unit, a COP of modified air conditioner was much higher than the
normal one. It was 7.1 compared to 3 in normal unit. To this, the saving of electrical consumption
has to be considered. It was 5.78 Amp. compared to 6.68 Amp. in normal unit. Payback period

of a modified air conditioner was 4.7 years.
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- earwgaamdeusunIZyesAY ( Specific heat of soil)

- amnsthanudenuesAn (Thermal conductivity of soil )

- AANUNHMUUYBIAY (Density of soil )

- mamsIal (Wind velocity )

9

- manududuRniveseind ( Relative humidity )

- fmanidnuesauiidesns sz gl (Soil depth)

- anundusednaIenads o339 (Indensity of solar radiation)

- A1gUUNYBI81NIATI8FI U9 ( Atmospheric temperature )
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TaglFaunsamena1s 81999 4

0=SKAT (3.1)
Tae
2TTL
= 32
¥ 47 (3.2)
In(—)
D
0 = anuannsalumsianuiuveuaseslsueinie, w

= 3,500 W (12,000 Btwhr )

z = amdnvesaudilslumsiaie, m
= 1 m

K - AN151RN NS UveIAY, W/m.°C
= 0.6  Wm°C

Ar = (T,-T,) S

= guugiicsindusennnaeuwsmyes-guugiaundoed

= (110-27)

- 83 e
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Q
§=— S=70.28
KAT
4%1
70.28 In( )
_ 3% - 0.0127
0.6*83 2T
$=70.28 —683d4m

INAUNIT 3.2
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Sin(—)

L ' s __l)_
2T
4*]

70.28 In( )

2 0.0095
2T

L=67.59m
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v 9
mlsnlFlunmsdrunuiidail

i Specific heat of soil (c)

amlsluaumsfie 2705 kkeg °C  leannaunldlunisnaasaiiuauy
A Ad &

migIndausulszia 30%

i Density of soil (D)

1A & 3 & ' 1 a ]

s lFluaunisfe 2318 ki/m® Fuilusanuwiuuuuesaumiion

#1 Thermal conductivity of soil (k)

¢ A 2 v o a 1

amlsluaumseie 0.6 wm.°c Fuilusmmsihanudsuvesaumiiean

¥

AUFU 30%

11 Wind velocity (v)

a1 luaumsitludinnusamndovesd  a.9.1995-1997 uaaslunia

HUIN A

fi1 Relative humidity (7Y')

. =i v Ay o o Jd c.i =T

am 1 luaunistlumanusudunnimaoved ae  1991-1997 uaaalu

AAANUIN A

a1 Intensity of solar radiation (1)

] 9/ U 9y o a Jd o = =)

amiFluaumsduaianudussduasonadsiovi Inanaovess .

1995 - 1998 paaslunianulIn A

1 Atmospheric temperature ( Tm )

anlfluaunsdlusguugiivesermasodaluanasvesil aa. 1995 -

1997 uaaslunianuIn A
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® purIAilues R-22 Aewdnaeumsmwes (I,)

I, = 443.65468-6.08661InP,+0.70529t,-0.00036t,

°c

Tadi 0<t,<40
350<P,<550 kPa (abs)
® muma‘ilmm R-22 aanmnﬂfmmmwai’ (IB)
I, = 421.69647-3.933761nP,+0.67825t,+0.0017t,"

“c

Tadi 80=1,<120
1,400=<P,<2,000 kPa (abs)
® (PUFIAIYeY R-22 sonunAsuALwes (I,)
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6 4 o 4 = e o ° r
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44 m’maﬂuﬁm’azmiﬁn1ummmunﬁuam§ﬂ§
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iz a3
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o D / A
1ausall

P A a J ° & o a [
E‘L'Tl 4.5 Lmugnueamﬂmaﬂaann:mimamﬂlmmsmﬂmmmﬁuuuﬂnmmuiwu

wieslfuemeauuuilnd (9 ABCD)

VNMARUIN Y (M3 TBYaIUA 27 Aaieal 2541 )

9
0 A dluanaudineumsmaey fisdsl awdu = 521.92 kPa
= [0}
QuUUQN = 21 C
1 4
12 B fluannzesnaeumsaires faasil audu = 1904.371 kPa
QuUNQN = 107.875 ¥
b4
0 C Aluannzesnnouauires Imasll anudu = 1695.935 kPa

gungil = 39.31
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1A58915UeIMAUVY Condensing Modified (39 EFGH )

nAMARUIN ¥ (asedeyaiufl 23 gqatny 2541)

10 E fhuanmzdineumsawes fimded anwdu = 583.9789 kPa
qungQll = 5 °c
10 F fuannzesnneumsaed Tmdsd aowdu = 1962.979 kPa
uUNN = 56.987 s
1 G fhianmzesnnowauwed sl awdy = 1449.3 kPa
QUM = 31.0375 °c

2 o < J d o
cmmn‘gﬂw 4.5 WU ABUINTTIFDT N19IUIAAY

T @ A o~ =S Al
4.5 asaauMIATL Inanseln uSeAIn

aunms Inansedndluaunisuaasanemsiauveunsesfusinan s

14953 Tasd o monaums

n y
W P AR (N7 )R (4.1)
n—1

Tagh W = QU983 ABMINSdIERS
= Al*m (kW)

m = 8a5ms Mavesashna by (kefs)
p, = awdumsihnuduianizdh asumsased (kPa)
p. = mudumshnmbuiiannzesn aeumwimwes (kPa)
v = snasmshaaubuiiannudh aesumsaires (m’kg)
1
v = danasashanumbuiannzesn asumsawes (mke)
2

winsSusmsuuudng

Al = 4.771345-420.3498
= 56.7847 Kl/kg
m = 0.0149 ke/s
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w = 56.7847*0.0149
= 0.846 kW
D, = 521.92
p, = 1904371
v, = 0.048
v, = 00166
n = 1.13

1150915V IMANLY Condensing Modified

Al = 427.8033-4045613
= 23.242 Ki/kg
m = 0.0358 kefs
. W = 23.242*0.0358
= 0.832 kW
p, = 5839789
D, = 1962.979
v, = 0.04
v <Tuhs
n = 1.05
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manil 4.1 mguugliAuvazinTenl5ue MLy Condensing Modified 5l 1§vauuaz

VRERRT

a1 gUURIAUNAINEN 1 WA, ssruyaiFoe

Lilddlamisalsuema | Aaldinsestiusinmarinau

@A | @B | 99C | @A | B | 3aC

9.00u. | 28.23 28.86 28.69 28.49 28.57 28.98

10.004. | 2834 28.75 28.87 29.37 28.98 29.04

11.00 ".| 28.65 28.68 28.92 30.37 29.11 29.11

12.00 4. | 29.05 28.79 29.11 30.87 29.13 2925
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nm guugiaufinaan 1 was, Bsrusaion

1'lddanseelsuemea | dlalimsesdSueinisniu

A | 9B | 9aC | @A | @B | 9C

13.004.| 29.12 29 29.06 30.89 29.27 29.34

14.004. | 29.41 29.25 29.14 30.87 29.41 29.47

15.004. | 29.36 29,17 29.13 30.76 29.53 29.38

0.004. | 2835 27.98 28.36 28.52 28.15 28.41

10.00 4. | 28.22 27.87 28.34 28.92 28.24 28.63

11.00 u.| 28.37 2793 28.11 29.37 28.16 28.49

1200 4.1 28.18 27.88 28.23 29.54 28.01 28.26

13.004. | 28.29 27.89 28.27 29.67 27.96 28.18

14.00 W. | 2831 27.94 28.17 29.48 28.02 28.11

15.004. | 28.21 27.86 28.21 29.31 27.92 28.25

47 miﬂszgﬁuﬂamﬁuﬁmmmmmaﬁ%'

mualdszuuihen 8 $aTusde 1 Su mwesti 1 3 sz 2,920 $aTie
2NN NARBNE Y Usendasm I 0.9 Ampda*f}'aina
ade Ithilseniald = 0.9 X220 X 0.8

— 160 Sad w38 0.16 Alataddedalus
mazaziy 13 Usznda 0.16 X 2,920 = 467.2 giia
a1 livhgilaaz 2.5 um mseaziiu 1 Teedsznda 467.2 X 25=1,168 1M
1ﬁ3uluﬂ1sﬂ¥uﬂ§quﬂ?aaﬂ%”ua1mﬁ°ifmuﬂ 5500 UM

9
MzaulliszezaAuY 5,500/1,168 =4.71
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MARUIN A

Parameters used in program

wind velocity

heat transfer coeffcient the soil surface

absorptivity of solar radiation at the surface

long wave emissivity of the surface

difference between the long wave radiation and the radiation
emitted by a black body at atmospheric air temperatuer
intensity of solar radiation

ambient temperature

constant in the expansion of saturated water vapour pressure
constant in the expansion of saturated water vapour pressure
effective heat transfer coefficient

relative humidity

soil — air temperature

thermal conductivity of soil

density of soil

specific heat of soil

soil depth

time

soil temperature at various depth

W/m’.°C

W/m

W/m

N/m’.°C

N/m
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sind(x) = sin(x-deg)
cosd(x) = cos(x-deg)

[ 1 [ 1 [ 1
15 30 45
30 60 90
45 90 135
60 120 180
75 150 225
90 180 270
105 210 315
120 240 360
135 270 45
150 300 90
165 330 135
=180 | 62 :=|360 03 := | 180
195 30 225
210 60 270
225 96 315
240 120 360
255 150 45
270 180 90
285 210 135
300 240 180
315 270 225
330 300 270
345 330 315
(360 | (360 | | 360 |
= 249
= -3013

360 |

h = 567 + (3.86-v)
H = h-(l + 0.013-R1>

=1.24

120
180
240
300
360
60

120
180
240
300
360

120
180
240
300
360

120
180
240
300

75
150
225
300

15

165
240
315
30
105
180
255
330
45
120
195
270
345

135
210
285

1270

90

180
270
360

180

360
90
180
270
360
90
180
270
360

180
270
360
90

180
270

360 |

360 |
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MANUIN A

mandl 1 deyamsnaaeumieslfuoimeuuin@ (Jufi 27 ganaw 2541)

Time | Room temp. Position of temperature ( °C)and pressure ( psi ) measurement Electrical consumption , Amp.
(°c) Tincomp. | Pincomp. | T outcomp. | Poutcomp. | T outcond. | P outcond. | Comp. | Evap.fan | Cond.fan total
9.00 30.5 35.1 151 35.3 154 334 148 0.00 0.00 0.00 0.00
9.05 293 20.9 50 42.4 210 35.1 188 5.18 0.39 0.61 6.18
9.10 28.5 27.1 52 60.9 220 363 197 5.30 0.39 0.62 6.31
9.15 26.9 25.1 58 81.5 240 36.6 215 5.32 0.39 0.62 6.33
9.20 25.7 23 58 95.3 258 36.7 232 5.49 0.39 0.62 6.50
9.25 25.6 21.9 60 99.1 258 37.8 234 5.45 0.38 0.62 6.45
9.30 25.4 gL3 60 101.2 260 37X 233 5.52 0.38 0.62 6.52
9.40 25.2 214 62 104.6 260 37.6 229 5.62 0.39 0.62 6.63
9.50 253 21.1 60 105.3 261 38.1 232 5.67 0.39 0.62 6.68

|i%
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m3uh 1 doyamsmageunseslfuemeauuind (Fuil 27 qanaw 2541 ) (4io)

Time | Room temp. Position of temperature ( °C ) and pressure ( psi ) measurement Electrical consumption , Amp.
(°c) Tincomp. | Pincomp. | T outcomp. | Poutcomp. | T outcond. | P outcond. Comp. | Evap.fan | Cond.fan total
10.00 25.2 21.6 60 106.1 262 39.2 228 5.67 0.39 0.62 6.68
11.00 24.9 20.8 60 106.5 262 39.5 230 5.68 0.39 0.62 6.69
12.00 24.5 209 60 110.4 262 39.4 231 5.68 0.39 0.61 6.68
13.00 243 21.2 62 110.2 261 40.1 232 5.68 0.39 0.62 6.69
14.00 24.6 214 62 109.8 262 40.3 234 5.67 0.39 0.62 6.68
15.00 242 21.1 62 110.1 262 40.3 233 5.66 0.39 0.62 6.67

(44
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mM3ef 2 deyananageunieslfue1MANLY Condensing Modified (Fufl 23 gainw 2541)

Time | Room temp. Position of temperature ( °c ) and pressure ( psi ) measurement Electrical Consumption ,Amp
(°c) Tincomp. | Pincomp. | T outcomp. | P outcomp. | Toutcond. | Poutcond. | Comp. | Evap.fan total
9.00 30.6 44.3 205 44.7 210 354 202 0 0 0
9.05 27.3 26.2 80 60.7 290 314 228 4.99 0.38 5.37
9.10 26.3 18.2 75 81.9 280 LI 208 5.27 0.39 5.66
9.15 25.9 5.8 70 84.1 270 31 196 5.31 0.39 5.70
9.20 25.3 4.9 70 76.5 270 309 200 5.34 0.39 5.73
9.25 25.1 4.8 70 71.2 270 30.9 197 5.39 0.39 5.78
9.30 25.1 5.1 70 68.1 270 30.9 195 5.38 0.38 5.76
9.40 24.7 4.8 70 59.2 270 31 195 539 0.39 5.78
9.50 245 4.9 70 56.7 270 31.1 195 5.41 0.39 5.80
10.00 24.2 5 70 57.2 270 31 195 5.40 0.39 5.79
11.00 242 5.2 70 56.1 270 31.1 192 5.39 0.38 5.77

134
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M7 2 doyaniInadeuinieqilsuenemmy Condensing Modified (Sufi 23 ga1au 2541) (Ao )

Time | Room temp. Position of temperature ( °C)and pressure ( psi ) measurement Electrical Consumption ,Amp
(°c) Tincomp. | Pincomp. | T outcomp. | Poutcomp. | T outcond. | Poutcond. | Comp. | Evap.fan total
12.00 24.0 4.9 70 56.9 270 g1 195 5.41 0.39 5.80
13.00 24.0 5.1 70 5.1 270 31 195 5.38 0.39 5.77
14.00 23.8 5.2 70 56.8 270 31.1 198 5.39 0.39 5.78
15.00 24.0 4.9 70 55.9 270 309 200 5.38 0.38 5.76




1M1

01.00U.

02.00U.

03.00U.

04.004.

05.00U.

06.001.

07.004.

08.00U.

09.004.

10.004.

11.00U.

UNIIAUN

24.5

24.17

23.83

23.5

23.3

23

22.9

23.37

25.5

27.33

28.87

MARUIN A

foyagamgiiomemnationeda Tualundazifen (Tm , hourly atmospheric temperature °C)

@ d
AUAAUT

25.9

25.5

25.17

24.87

24.63

24.4

24.33

25.07

26.83

28.37

29.67

=
UuIAY

27.7

27.5

27.3

27.13

26.97

26.83

26.7

27.87

29.5

30.9

3197

IHI0U

28.63

28.4

28.2

28

27.8

27.5

27.6

28.97

30.57

31.87

32.83

NOUAAN

29

27.8

27.66

27.46

27.26

26.55

27.4

28.8

30.31

314

32.25

GATRTAR
28.17
28
21.77
27.57
27.37
27.23
27.57
29.03
30.23
31.33

32.13

nINQINN

27.83

27.63

27.43

27.27

27.03

26.97

27 23

28.17

29.33

30.27

31.03

Fanay

Z[.73

27.57

27.33

27.17

26.97

26.9

27.13

28.13

30.17

31.07

AUy

26.55

26.5

264

26.25

26.2

26.15

26.35

27.35

28.5

29.6

30.15

CRRGH

26.9

26.75

26.55

26.3

26.15

26.15

26.3

27.45

28.6

29.8

30.35

NOAINIEU

26.7

24

26.05

25.85

25.5

25.3

253

26.4

28

29.3

30.2

UMY
24.7
24.2
23.8
23.4
22.95
22.55
22.4
23.25
25.2
26.85

28.2

Sy



foyagumgiiomemdssed Tualuudazi@ow ( Tm, hourly atmospheric temperature °C ) (A9)

na unmey  quaius fwan wwew wguman - dguey pINMAN  daman Aueey  gaian wgRimou sumnay

12.00M. 30.07 30.73 32.8 33.63 32.85 32.7 31.47 31.6 30.6 30.9 30.95 29

13.00M. 30.7 3.8 33.33 34.1 33.36 33.07 31.83 31.87 30.35 31.05 31.35 29.8
14.00M. 31.13 31.87 33.67 34.27 33.51 33.07 32 31.87 30.7 3115 31.3 30.25
15.004. 31.5 32.17 33.67 34.23 332 33.17 31.9 317 30.5 30.95 31.15 30.4
16.00M. 313 31.97 33.3 34.07 32.71 32.97 31.27 31.37 30.1 30.75 30.85 30.05
17.00u. 30.5 31.23 32.37 33.2 32.06 32.33 30.7 30.8 29.4 30.05 30 29.25
18.00M. 29.2 29.93 30.83 31.83 31.16 31.13 29.87 29.93 28.65 29.45 29.25 28.3
19.004. 27.77 28.53 29.53 30.57 30 30.1 29.03 26.23 28 28.9 28.65 27.45
20.004. 26.9 27.67 28.87 30 29.25 29.57 28.53 28.73 275 28.45 282 26.75
21.004. 26.3 27.17 28.57 30 28.8 29.23 28.37 28.53 27.15 28.15 27.8 26.25
22.00W. 25.83 26.9 28.33 29.2 28.5 28.93 28.27 28.17 26.95 27.85 D5 25.85

23.00U. 25.43 26.6 28.17 29.1 28.25 28.63 28.03 28.13 26.8 27.65 27.25 2535

9



an

24.00U.

unN3IINY

25.03

Joyagunglioimmndss it Tusluudazifoy (Tm, hourly atmospheric temperature °C ) (A9)

quaius  Twen wweu wouman - figuaoy nsngwN  Maman Ay gaiaw

26.23 27.97 28.83 28.05 28.4 28.3 27.9 26.7 27.35

NOAINIOU

27

FUMAN

24.95

Ly
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7.004.

8.00U.

9.004,

10.00U.

11.00U.

12.00U.

13.00U,

14.00U.

15.00U.

UNINY

4.802

86.091

546.35

421.72

578.29

673.98

718.24

675.63

581.21

AUATRUT
3.954
90.554
263.496
431,003
593.306
717.206
766.94
760.97

669.23

) A ¢ o @ '
foyamsedorfindindesredr Tualuumazifou (1, hourly solar radiation W/m? )

=
UuInY

11.356

131.663

313.943

479.94

645.72

771.46

836.7

820.861

71591

WHI0U

35.627

187.876

375.906

566.234

105,518

844,931

885.1

855.386

748.408

NQEMAN

59.346

221.245

392.357

552.311

684.183

768.647

801.067

754.315

612.852

figueu
56.791
209.065
387.125
562.093
683.714
777.429
757422
717.603

619.824

n3NQIAL

42.963

174.007

342.08

493.288

605.518

673.929

688.15

642.185

568.798

fganav

33.961

157.841

241.959

499.811

626.157

675.243

682,985

635.779

533.418

Uy

33.346

157.99

321.238

479.441

603.763

605.953

581.7

543.487

471.751

AaIAY

29.115

160.749

348.54

493.24

567.463

614.283

559.663

474.887

401.34

NOAINIU
36.336
167.13

329.753
475.419
568.307
601.623
578.423
484.1

389.82

FUNAY

31.81

162.383

338.52

493.627

599.027

657.593

631.243

568.79

448.56

8¥



1w a ¢ o o ' . '
doyamSedoriadindesoda Tuslunaazi@ou (1, hourly solar radiation W/m® ) (919)

A unsmy quaius ey awen wquman dgwiey asagiay - feman dueed gaian wgaImew funny
16.004.  418.25 504.06 547.07 575418 461.16 47698 413595 399563  339.464 288317  260.193  296.367
17.004. 23038  313.054 335642  357.542 281,519 319987 254338 243359 . 173.103 150317  109.973  139.253
18.004.  59.13 100235 113.285 ~ 107.495 ~ 111509 141.18 112185  89.992 50.231 33.282 23.494 24.425

19.00u. 8.076 5.27 6.829 11.582 15.184 30.479 21.921 11.377 19.857 52.505 0 24.58

% MUBIMg 1981 20.00 1. - 6.00 . 1 [iTfugud

6¥



1
unTIAY
1995 2.35
1996 2.62
1997 2.52
1ndy 2.49
1Ay uAIAY

RH% 69.1

quAug
3.36
3.29
3.43

3.36

LY 4
AUAWUS

68.7

~
NuIny

3.66

3.76

3.72

3.7

=
UuIny

72.6

< .
doyannuEaumndesuidou (v, average wind velocity m/s )

LU U

3.41

3.31

2,51

3.08

LUHI8U

71

nHuNIAN

1.96

2.62

2.94

2.51

NOHNIAN

74.2

-~
ugueu

e
lquiey sy faman Aueou
2.06 331 2.88 2.6
2.45 2.65 2.48 2.09
2.76 2.77 2.8 1.57
2.42 2.91 Koy 2.09

d oo : . Ou:
%’eyamm%uauwwfmﬁuﬁmﬁeu ( average relative humidity %)

pINQIAN - FaAY Aueiey

74.7 74.8 77.3 79.7

GRRGH

2.27

2.04

1.16

1.82

Aa1nY

77.3

NYAIMOU  FU2IAN
2.93 2.26
2.3 2.6
2.62 2.43

NOAINMOY  SU21AN
67.8 63.4

0s
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