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QL (watt/m)

4.2

(Regression)
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QL (watt/m) -
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30 3 34 36 38 40 42 44 46 48 50
tin (Celsius)

4.2
= 1.4047(FT) - 41.748 (4.4)
N 227004 1] - 79.548 (45)
A =3.129(f)-90.094 (4.6)
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QL (watt/m)
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N =1.5025(0-42.756 (4.7)

Q25303 ( -73.92

] =2.9129(f,)- 82.373



(Y, (t (1)
(Regression)

0 = (-48.181/774+ 48.131/77 3- 17.063/77 2+ 2.5815/77 + 0.8465)1* +

1338.6/774- 1323.5/773+ 463.06 2-69.172/77 +4.058

(4.10)
y 1= (20.758/773-20.045/772+ 6.5081  + 0.1786) tir+ 5431.4/774-
5445.1 [773+ 2030.5m2- 355.84m + 29.953
(4.10)
y = (-5.0247/772+ 3.4214 T + 0.3103) t* + -6505.1 4+ 5759.7 3-
1558.2/772+ 93.131/77 + 13.396
(4.12)

y = (-3.7197/772+ 2.4543/77 + 0.568) t* + 96.799/772- 65.866/77 + 12.112
(4.13)

Y =(-3.6994/77 2+ 2.5434 + 0.4664) t* + 80.775/772-58.608  +13.692
(4.14)
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= (-502.57 4+ 473.47]773- 156.62/77 2+ 22.368/77 - 0.4297) tin+

15024/774- 13967/773 + 4528.9/772- 630.01/77 + 39.685
(4.15)

=(-3.6429/772+ 23232/ +0.5929)™ + 91.141/T72-59.42/77 + 10.851
(4.16)

tad=(-3.5094/772+ 2.4454  +0.4867)" + 75.039/772-55.522/77 + 13.031
(4.17)

toll= (-438.29/774+ 423.59/77 3- 144.79/77 2+ 21.509/77 -0.4123) tin +

12348 m 4- 11869/773+ 4018.6/772- 589.87/77 + 38.753
(4.18)
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43

METHOD OF HEAT TRANSFER
(Single Uninsulated Buried Pipe)

i

d

l

7 TN

EARTH g

4.4

(Single
Uninsulated Buried Pipe)

R (M0 N 0)2-1]12

5= 2 kK's
d/r0>1
R =2 o)
5= 2kK5
d/r0>4
Ry = , m-K/wW
Kg= o ImK
d =
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"0/r1
R ﬁnKP )

. m-K/

(4.19)

. Watt
Im



.

WATER TANK (Control Volume)

QH%ter

Qloss

WATER TANK

mass in > » Mass out

(The Steady-State, Steady Flow Process)

=

,,m+21;70(/70+vz° +92Z,
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Qe = m{h0- h)
Qheater ~  cf1>{E}tank ~ A/ tan*)
(4.20)
Dlak
ttark
Heater
(419)  (4.20)
QMW att) = S F)FL000= (0 — L
(4.21)
(4.21) ttak
¥ fan* ~ to.tank X(0.8 *-+¥)
meRthOOO
(4.22)

(R,=Rs+Rp)
Rt =F{d,rilolkslkp)

4.22

= H{d,rj,rolks,kp,L, toltsIm)



n

d,mikpLts

{=f(ks 10, )

(4.23)
4.23
(k3 1
! WRk= t,FB
{) 4.22 4.23
txtfi.PE ~ ts)
CpRtx 1000
(4.24)
to.PE o f(kslti,PElm)
(4.25)

LunN1MAaed aznnsUFuLaeuausnag s Ra NaNng 4.25 Téun Anisin

! toPE toPE
toPE 4.24 Q

I
Q =m C ,(t; » "toPE

Yﬁl ' o
AR Q ANNITATUITY

(4.20)




4.2
(Kg)
Soil Conductivities

Soil moisture content Soil Thermal Conductivity, Ks( /m-K)
(% by mass) sand silt clay
low 1< 4% 0.29 0.14 0.14
medium 14% to 20 % 1.87 1.30 1.00
high 1> 20 % 2.16 2.16 2.16

ASHRAE Systems and Equipment Handbook(SI) 1996 LChapter 11

f =145 mm
10 = 16.5 mm
L =50 m
d =0.7m

kP =042 [m-K
Cp =4.2 Kl / (Kg-°C)
s =215 °¢C

4.24
4.2
S0 .94

4.24
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4.4
Split type
1 Split type '
(Ground Heat Sink)
? Split Type
Split Type DAIKIN ~ Model

FHC35KVE + R35GV1 3.54 KW (12,079 Btu/hr)
Indoor Temp = 27 °c db ,19.5 °Cwb (80°F db /67 Fwb)  Outdoor Temp 35°
¢c (95 F (Compressor + indoor + outdoor fan motor) = 1,200 Watt

(| )=KWxHrxDays x Rate (4.26)

2.6
Days = 365

(4.26)

Split Type = 1.2 x 8 x 365 x 2.6
9110 | (4.27)



50

4

(Ground Heat Sink)

Ground Heat Sink

(GPMH)
KW 530807)
(4.28)
KWm
H N
P ( 55 - 80%)

H=25-0.625 = 1875 psi
= 1.875x6894.76 Pa
= (1.875 x 6894.76) / 2988.98 ft HX)

=4.325 ft HX

GPM = 3
p = 06

(4.28)

KWWm = (3)(4.325) / (5,308X0.6) = 4.074 x 10



5

Ground Heat Sink 8
2.6
Days = 365

Ground Heat Sink
Split Type DAIKIN Model FHC35KVE + R35GV1

3.78 KW (12,898 Btu/hr) Indoor Temp = 27 ¢ db 195 ¢ wh

(80°F db /67 °F wb)  Outdoor Temp = 27°¢ (80.6 °F) (Compressor
+ indoor + outdoor fan motor) = 1,060 Watt

Ground Heat Sink
Split Type Condensing Temp

Ground
Heat Sink
(4.26)
Ground Heat Sink
= (1.06 - 0.053 +4.074 x 10"®) x 8 x 365 x 2.6
= 7,676 / (4.29)
] v U = "
OIETY 8- GrolioHeatSIng)

(4.30)



3

(4.27)

Split Type , [
Ground Heat Sink . /

(4.29) (4.30)

3% (9,110 - 7,676)
3x 1 434
= 4,302

Ground Heat Sink
4,302

Ground Heat Sink 1
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