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Energy conservation system using waste heat of outdoor unit of an
air-conditioner

Se Hoon Park’, Won Joong Kim’, Min Je Kim’, Hyeon Jun Kim®, Hong Geun Park’,
Hyung Jun Kim" and Dong Sam Park™¥

* School of Mechanical Engineering, Incheon National University

Key Words: Waste Heat(¥] <€), Recycle Rainwater(3!& #AFE), Automation(X+s3}), Pipe Flow(3

5
Heat Transfer(E A &), Heat Loss(E<=4)), Head Loss(T7<4), Pump(HX)
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Abstract: After recycle the rainwater through Rainwater Recovery Container combined with the IOT system,
heat transfer is performed on rainwater using waste heat coming from outdoor unit of an air-conditioner.
After that, it is sent to the boiler water tank to save energy needed for preheating the boiler. Therefore we
can expect the effect of increasing the efficiency of the outdoor unit and the effect of preventing fire

accidents due to high heat by installing the Rainwater Recovery Container on the top of the outdoor unit of
an air-conditioner.
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Fig. 1 Data Center(Amazon)
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Fig. 4 Air Conditioning - Outdoor System Schematic Diagram
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9] Table I1(Expectation effectiveness coming from installing the awning screens in temperature and power
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Table 1 Expectation Effectiveness coming from Installing the Awning Screens in Temperature and Power
Consumptions

Sortation Temperature Power Consumption

Before installing the

. 35C 1,750 W
awning screens

After installing the

‘ 29C 1,590 W
awning screens

- Installation the awning screens can cool the heat above 117TC.
Characteristics - Installation the awning screens can save 0.1~0.2kW per hour.

(Save 3,000~5,000 won per month in terms of cost)
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Fig. 8 Fire Accidents related to Air-Conditioner over the Last Five Years
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Table 2 Precipitation of Incheon in 2020 Table 3 Precipitation of Seoul in 2020

D\M 59 6 74 g D\M 5% 6 74 84
14 0.4 0.1 38.2 14 0.4 0.0 39.1
24 0.0 2.7 21.6 24 0.0 2.0 31.4
3y 0.1 0.0 0.8 50.5 3d 0.0 0.1 102.6
4 0.9 0.5 1.7 4 0.2 1.6 3.9
5 0.0 0.0 15.2 54 18.5
6d 59.4 6 75.7
7Y 0.0 0.1 74 0.0 0.0
8 2.9 0.0 18.2 8 2.3 19.1
9% 24.1 103.8 9% 24.4 50.3
10 0.8 9.4 1.7 20.1 10 1.3 6.2 22 44.6
ng 2.6 106.6 ng 3.4 0.0 97.0
129 0.3 2.7 0.1 12y 0.7 29

134 50.6 0.0 134 0.0 47.6

14 0.2 9.2 0.1 14 1.1 11.5 04
154 10.4 0.0 27.3 154 12.0 69.0
16 1.7 162 2.5

17¢ 0.1 174 0.0 0.0

18 35.7 18 29.8

194 4.7 0.1 22.0 19 19.0 0.1 29.1

20 23 20 0.0 3.6

21 0.0 0.4 21 0.0 2.5
22 0.0 25.0 0.4 229 0.0 11.5 42.6
23 0.1 0.0 101.8 23Y 0.0 0.0 103.1

244 15.9 23.5 7.8 24 14.5 37.6 2.9

25¢ 6.9 0.0 25 13.3 0.0

264 1.5 1.6 0.5 26 1.5 2.1 0.0 0.6
27¢ 0.0 49 12.4 27¢ 0.0 22 8.7
28<Y 0.1 8.7 28< 0.0 0.4 13.6
29 22.0 13.8 0.3 29 11.9 50.1 13.6
30 32.5 0.2 0.8 30 64.7 0.1 425
31 0.3 0.0 0.0 31¢ 1.0 1.5 0.0
A 1012 1002 2435  486.4 A 1124 139.6 2704  675.7
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AR A4 gEomt WA
AR AS S4e Btk F OAAZ b Bol AHgett 47kl AR HEnlE, FH, Belad
sHQE s B F WBHSE BRF 54 A4, 14, Dol g% WY, Uug FHOE wus
of 457k Mg Re e ARz A4A

Table 4 Physical properties, mechanical properties and characteristics of 4 frequently used materials

Material Advantages disadvantages

* Very good heat conduction. * Because of low strength, easily

e Machine processing is easy, so deformed.
Aluminum processing is easy depending on the
purpose.

* Lifespan is semi-permanent.

e The price is expensive.

e It is a relatively corrosive metal.

* Can be used semi-permanently. o )
) o * The price is very expensive.
Copper * High thermal conductivity. . . .
. . * It is easily oxidized.
¢ Excellent mechanical stability.

e Small specific gravity and light

weight. * The durability of the material is

weak.
. °
Plastic Does not rust or rot. e It has a high coefficient of thermal
* Good machinability. expansion, so its shape can be

¢ Excellent insulation. changed.

e Excellent corrosion resistance.

e [t is possible to reduce the weight

with high strength. * Weak to scratches

Stainless Steel

e It is suitable as a fireproof material.

Table 5 Relative Comparison of Four Commonly used Materials

Aluminum Copper Plastic Stainless Steel
corrosion resistance 2 3 1 1
price 2 4 1 3
deformation by

X X (0] X

heat
density 2 4 1 3
sum 6 11 3 7

=
e
ofl,
o

Table 59 sl Eetngo] HlEsaEe Aaz dAselofr sy 7P Fa7 gl 9
ez Aesta angor W Ry YEdsTe] Aae A4t
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Table 6 Characteristics of Alloys of Aluminum

Kinds Characteristic

As pure aluminum, it has good corrosion resistance and excellent light reflectivity

1000 series o . . .
and heat conductivity. Although the strength is low, welding and molding are easy.

It is a heat-treated alloy containing magnesium and the like with copper as the main
2000 series additive component. Depending on the heat treatment, the strength is high, but

corrosion resistance and weldability are often poor.

It is a non-heat-treated alloy with various properties by cooling processing using
3000 series manganese as the main additive component. Compared to pure aluminum, it has
higher strength and good weldability, corrosion resistance and formability.

. It is a non-heat-treated alloy with silicon as the main additive component. It is
4000 series . . .
mainly used as a welding material.

It is a non-heat-treated alloy with high strength with magnesium as the main

5000 series . . . . i
additive. Good weldability and good corrosion resistance in seawater.

It is a heat-treated alloy with magnesium and silicon as main additive components. It

6000 series has good weldability and corrosion resistance and is widely used in structures such

as profiles and pipes.
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Hr} 3003 @R FS 583 FeAE FAR, AE /38 A g Be 28 FolE HAdtn glo

222 QE3TF YA 44
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11 Blueprint for Cover of Rainwater Recovery Container(3d))
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fig. 11 Blueprint for Cover of Rainwater Recovery Container(3d)
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fig. 12 Principle of Switching Control according to Water Level
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fig. 13 Average Temperature of Outdoor in 2020
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A 27 NEIAFE gkt LEA NE Pt AFAAS westel dolHE AEaATh
Table 7 Heating Time according to Amount of Rainwater

Initial Temperature /
Amount of Rainwater Contact Surface . Time
) Heating Temperature .
(cm®) (cm?) () (min)
5,000 123 26 / 60 75
10,000 123 26 / 60 151
20,000 123 26 / 60 303
30,000 123 26 / 60 455
40,000 123 26 / 60 606
50,000 123 26 / 60 758
Table 8 Heating Time according to Contact Surface
. Initial Temperature / i
Amount of Rainwater Contact Surface . Time
) Heating Temperature .
(cm®) (cm?) ) (min)
30,000 123 26 / 60 455
30,000 246 26 / 60 296
30,000 369 26 / 60 201
30,000 492 26 / 60 152
30,000 615 26 / 60 122
30,000 738 26 / 60 102
HlEe] 9ol 50,000cm’ell 2 W, 27] 2% 26CE 7|FoR 7MERE 60T =dsted HEe
A7 758807 o]l HIEAoR JojAL JHEEE AFS AHA HojxE FFojth 1%y ujio
AZe Eol7] ‘B‘HHL HEe A%t Yo HEAAS AT = XdEo}—E S5 wEA
@ Dk dok B 9ol nea FPoR AXAAGH Y2Ae] dojAE e BE HE WA =
g wolA A %D} o] Wil g= WHS =97 fa s Y] A71E agdte] o
&3} gol AARTE AEAAL x7] welo] uls| 240 WA Fbah,

/

)

5

A

§ _vj )

Fig. 14 Plan of Refrigerant Pipe(2D)
Y&l &g 30,000cm”, 50,000em”, HEVALE Z7]em® Fhel 24 R AAE AL
Fom ldexnd wm@sttd det AQe Adsngh ou, nde 9
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50~70°C7F A dstrtal Ak lAnt vt Mg g "okl 90 C7HA ARgEloF & ThedE =
Ak, wEkA o] S Zehete] et dHiolHE SR sk
Table 9 Heating Time according to Heating Temperature(1)

. Initial Temperature / .

Amount of Rainwater Contact Surface . Time
, Heating Temperature .

(cm’) (cm?) . (min)

©)

30,000 3,000 26 / 50 18
30,000 3,000 26 / 60 25
30,000 3,000 26 /70 33
30,000 3,000 26 / 80 40
30,000 3,000 26 / 90 48

Table 10 Heating Time according to Heating Temperature(2)

. Initial Temperature / .

Amount of Rainwater Contact Surface . Time
5 y Heating Temperature .

(cm”) (cm™) q (min)

)

50,000 3,000 26 / 50 24
50,000 3,000 26 / 60 34
50,000 3,000 26 /70 44
50,000 3,000 26 / 80 54
50,000 3,000 26 / 90 65

AEHAHE 3,000em’ 2 FiL HES 7198 30,0000m* S 7)|F0 2 188wt 27] L% 26T A 5
0C7HA ZE7te AS B 4 doH, 90T7HAE oF 488 dye AL & 4 A FHWHL 3,000
em’Z T HES 7195 50,0000m’E 7]|FEO0B 245 wro] %27] L% 26TA S0C/A &g,

1

KR ez}
= =
90C7HALE oF 655 Aol AL & u, ooz et 7HeAlRE el Ad3] 57t 7hede & ¢ vk

Aot 2o HEISE 72 vige] Wul@s dXsta A7 Wuda AAAA WBEE FF Yo
e 2RI AGAT FAF 27 sol Yoy WAW B2A A9e Dase] uskeh
AAGL AR, HE WA o] 2297.209em>o] oA ¥, oF 1984 =718t}
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AQ=7605959 W/S(J) = —1447.31cal, H39 &= 23,284.1go|t}. uwlebA, 1%l
72C &8 g AALEQ 60C7A E=gdted oF 4728 AEle Aottt AnHo=w JEHT}
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Fig. 16 Pipe and Rainwater Recovery Container Design Diagram

ARm Axde] AEAe 2 vhelzel AT Agdel @k w@ oYL HE B =
7] wel WA RS 2 2AE AAslor drh voxe a4 suels o A
gakolal, 2EQle s 7Fe] 542 ko] Table 404 AelsiFdth. AEQle] s 7o) old 54 T U
A4, S A0 dig AdAde] At diitsbd ol Ave el fele AAd 7P Aesita

A g B2 ARES A 0}‘3&4. E—%ZH% il ey %5}04 e
ol 9]@ s A 9 %ﬂ%—% Sl E1E‘r EQXHQI THE AW Table 115} Zrh

Types Properties

. . e It is relatively inexpensive and easy to handle.
Artiron Insulation

. . ¢ Plumbing above 120C cannot be used due to deformation.
(Silver Leaf Insulation)

* The foil is easily peeled off, precise taping is required.

e It is generally used mainly for steel pipes as heat resistant insulating material.
Foamed Rubber

. * Relatively Expensive.
Insulation

* There is shrinkage and expansion accoroding to temperature, so finish with bond.

) . e It can withstand up to 350°C and is mainly used for steam pipe and hot pipe.
Glass Fiber Insulation

* Fire safety is good because it is a non-fireable material.
(Glass-wool)

e It is dense and has excellent insulation properties.

sho] 3 gke B2t fAlY SEE 10T olstelnz ¥ AAY vaAw: oEE ddAst 4gu
Aoz Andt
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Fig. 17 Head loss of Fluid in pipe
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ProgrammingS ‘&3}%] Fig. 18 Heat Loss Graph according to Inner Temperature of Pipe<} #Fe| ©
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Table 12 Heat Loss in Stainless Steel Pipe (L=8m, V=4.85m/s, Outer Temperature 7,=267C)

o

oz 2HJIX F #E

Temperature Amount of Heat Loss Conversion to Work
(T) (Kcal) J, 1cal=4.186J)
50 2.9924 12,526.18
60 4.2392 17,745.29
70 5.4861 22,964.81
80 6.7329 28,183.92
90 7.6981 32,224.25

Amount of Heat Loss according to Inner Temperature of Pipe

60

50

Heat loss

30

20

50 60 70 80 0 100
Fluid Temperature in Pipe

Fig. 18 Heat Loss Graph according to Inner Temperature of Pipe
Table 13 Calculation of Temperature Loss according to Amount of Rainwater (m:2~4kg, c= lcal/g-C)

Weight
Temperature (oc)g k) 2.0 25 3.0 3.5 4.0
50 1.496 1.197 0.998 0.855 0.748
60 2.12 1.696 1.213 1.211 1.060
70 2.743 2.194 1.829 1.568 1.372
80 3.367 2.693 2.244 1.924 1.683
90 3.849 3.079 2.566 2.200 1.925

A fFes2 IA A A=, T/ e, 7 5, dol oz yUxdn. vt B AAe 1
o2 8 FHE 5SS dF3 RY, 3 50 5343 Aot} Table 149 Reynolds NumberES 53l 4]



B fEol R FedS BoFa k. e FA4 f5ol st FEHLS Table 147 2o} o @
Aets FFEAE A &40 B8 48 O ot ols FE & S e fhe gEEs
2 vehdo 2 Ao HEg87] g e oS &x9 BEd HolHE Wsol st HAlde =
A = Slch

HEAFS 2eWstFo R mpgd F24 (HE ALsto] FFEdd miE ulEo] o o A
HES T3 2ENsEE 2T 7 UATH o9 ZE dolHE o] Table 159} Table 16, Table 17,

Table 1894 YElH L ).
Table 14 Calculation Data of Head Loss

Pressure of
Temperature Wat Reynolds Friction Major Head Minor Head
ater

C) Number Coefficient, f Loss(m) Loss
(P = pgh)

50 9,683.38 220,800 0.0164 12.52

60 9,645.19 257,600 0.0160 12.18

70 9,529.22 295,600 0.01576 12.00 0.575

80 9,533.80 334,800 0.01553 11.82

90 9,468.59 388,400 0.01527 11.62

Table 15 Calculation of Major Head Loss

Temperature 9
. A p(N/m?) F(N) Q(cal)
©)
50 122,221.42 60.96 116.502
60 119,240.41 59.47 113.655
70 117,451.80 58.58 111.954
80 115,737.72 57.73 110.330
90 113,800.06 56.76 108.476

Table 16 Temperature Loss according to Major Head Loss (Control Initial Temperature, amount of rainwater)

Temperature (\?’Ceight k) 2.0 2.5 3.0 3.5 4.0
50 0.116 0.093 0.077 0.066 0.058
60 0.113 0.091 0.075 0.065 0.057
70 0.111 0.089 0.073 0.064 0.056
80 0.110 0.087 0.072 0.063 0.055
90 0.109 0.085 0.070 0.062 0.054
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Table 17 Calculation of Minor Head Loss

Temperature
C) Ap(N/m?) F(N) Q(cal)
50 5,578.22 2.78 14.61
60 5,550.56 2.77 14.56
70 5,520.07 2.75 14.45
80 5,486.20 2.74 14.40
90 5,449.50 2.72 14.30

Table 18 Temperature Loss according to Minor Head Loss (Control Initial Temperature, amount of rainwater)

Weight (kg)
2.0 2.5 3.0 35 4.0
Temperature (C
50 0.0146 0.0116 0.0097 0.0083 0.0073
60 0.0145 0.0116 0.0097 0.0083 0.0073
70 0.0144 0.0115 0.0096 0.0082 0.0073
80 0.0143 0.0115 0.0096 0.0082 0.0072
90 0.0142 0.0114 0.0095 0.0081 0.0071

225 B BRI EA

*HERINA B ERIRS AR H&(EY &l w2t Axh

Ao UEo] FAHE WadA Bde s¥AR A% AYE A BEe] 7R
S sk I s RS A9dd 7Hdd HEe ARt &l gol=Z s A
sWANAN AHEE dor o8 TSy AT HA A der AL Fds A
A s 5L AR tEa g
Table 19 Characteristics of Anaerobic Copper Pipe

25y
tl.':], J—'_‘]—OE]
shsich.

O+

B (gl

23
4o

Materials Characteristic

* Excellent corrosion resistance and long durability.

* Smooth inner surface of the tube : there is less friction loss and less scale
generation.

. * Excellent ductility : easy to process and construct piping.

Anaerobic Copper . o . . ]

Pipe * High reliability and flexibility : safe from vibrations and earthquakes, strong
against freeze breakage.

* Less risk of contamination due to corrosion.

* High thermal conductivity and electrical conductivity.

¢ Thin and light : lighten the installation
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Fig. 19 Internal Structure Of Boiler (2D)
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Fig. 23 Simulation Data of Refrigerant Pipe using ANSYS

0150

0450

Fig. 24 Graph Data of Refrigerant Pipe using ANSYS
Time [s] ||7 Minimum [FC] ||7 Maximum [°C] ||7 Average [C]

52-002 | 89971
0.1 | 89947
025 89382
07 1 89,695
12 j59434
17 | go.274
2 | 89.066
27 | 88.861
32 |88658
37 88457
42 88357
47 | BB059
5 87.941

| 89.996
| 89988
| 89.954
89836
| 80.606
| 89549
| 89398
| 89.243
| 89.086
| 88927
| 83766

88604
| B8.506

Fig. 25 Tabular Data of Refrigerant Pipe using ANSYS
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o Al Arg st dlo]HE Exel 1= okl Zlo] HlE Fig. 24 Graph Data of Refrigerant Pipe using
ANSYS$®} Fig. 25 Tabular Data of Refrigerant Pipe using ANSYS©|t} - Ho|HES B3| Algte] w&
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Fig. 26 Temperature Data of inner Rainwater Pipe using ANSYS
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Fig. 27 Simulation Data of Rainwater Pipe using ANSYS (Initial Temperature data)

Fig. 28 Simulation Data of Rainwater Pipe using ANSYS (Final Temperature data)
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o a 8 12 16 20,
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Fig. 29 Graph Data of Rainwater Pipe using ANSYS (Temperature data)
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Time [g] ||7 Minimurm [*C] |[7 Maximum [*C) ||7 Average [*C]
1 je3 48979 50003 48992
2 |06 49.961 30005 49.985
3 |15 49921 5001 49969
4 |40963 49849 50012 49.939
5 | 70983 49791 50005 49913
6 | 10096 49745 49997 49,891
7 |13096 49707 49995 4987
& 16096 49663 43393 14985
5 |190% 49636 49991 4983
10 [ 22096 49605 49989 49811
11 25096 49576 49587 49752
12 | 28096 49543 49983 49773
13 |30 49532 49981 49761

Fig. 30 Tabular Data of Rainwater Pipe using ANSYS (Temperature data)
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Fig. 31 Simulation Data of Rainwater Pipe using ANSYS (Head Loss Data - Velocity & Wall Shear Y)E
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F(Reverse flow)ddS SWatHAA A&Eo|(eddy)7t A= Bolt), vtg|@dido] AAFF o]d o]
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gs TuUE AS g9 F o o5 oE 2@ X (Fig. 32 Graph Data of
Rainwater Pipe using NSYS (Pressure Data))E A# W vfo]X - Fro] FZAT wslyl dojyps §
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Fig. 31 Simulation Data of Rainwater Pipe using ANSYS (Head Loss Data - Velocity & Wall Shear Y)
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Fig. 32 Graph Data of Rainwater Pipe using ANSYS (Pressure Data)

3.1.4 ANSYSE 83 HE do]H &4
ol AFA A&k Hxo] F5S &l K H(Fig. 33 Efficiency of Pump) ]34

= 1,800rpm, E%
e 300m*/hr, BEO WEE 1,100kg/m’, FHE 45m, YT FE S 90co|tt. FEo A AA
2 A FolA Wol AIEEE HEZE HTS Fldlna ol A H3s gES AAHTY FE A
TS AASA FHALE AZ ZFo] Ao Hua HAAHSAE uwl, =4 a8 874%, AH A
Al BELS 9%, 7IAH Q4E 94.8%, AXZEAM FHLE 80%E 7HAl= A s E 5
T HEol 2852 494kWe FhS JHAA "k o714 AR FELE ‘FE5H <(1+a) e olHE)L
Z olu A2%HY Zho] 19~55kWollA S JFAERE a=0.159 IS A HY, A8 FHe
49.4/1.15 = 43k W7} Elr:} = AFE Ea T3 HIZE 300m° hr, 45mH, 49k AF%E JHRITHE AL g
A 4 9o HE Fol %{1 ‘ﬂ%% By o4 UE Baspx] o] Fdled T8I AYS JHE Ao
2 daEcoh
Units
@ sl ) Imperial
Dty

Rotational speed  [1600 rpm
Volume flow rate i"300 mme/hr

Density !1 100 ka/mme
Head rise |45 m
Inlet flow angle |30 deg

Merid velocity rat|o|

Cwverall performance

B ] Qs Ns na Nss power (ki)

ICIENCIES

Mechanical efficiency calculated e 057 1568 30.4 3.15 49.4
Hyrauic (087 | head coeff flow coeff Ks NPSHr (m) diffn ratio
Volumetric [097 0.484 0.028 1073 484 -0.026

Mechanical 0.996

Pump 0.844
Fig. 33 Efficiency of Pump
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Fig. 34 Pressure Data about Efficiency of Pump using ANSYS (graph & graphic data)

2 QoA dAS Hxo MHFS YUENFE Pump Performance Curve®} ZLE]3Ze] sk 3k
Yeld Aolt}. Fig 35 9& & Langley venture CCOllA Al&3t= HXE A doJEo]la LEX% X
ol A AHeE Az s A Aeolrh 714l ARgE = Fzoh o HAFoA AHE

0,050 0.150

2] = 3
= . i=
w kel A% AR ol AR WA AAA wws] S8 F b EE Agel HBeth o)F 2
Z 74 © = Fig 36. Graph Data about Pump Using Ansys®] I} ELE =& = A HATh T2 E 74
AW Fgol FaBFH Bxe afo] A TG AL A & Atk I o)W APAA
AR R 44, a8, Fege] 39 e s /Rve AS YedFa o a8 S9
oA fo] 300m*/hrd W BEP(Best Efficeincy Point)= ©FU X4k BEPQ! A H 3 && Xfole= AA e
UA gt 2e Bd o
Manufacturers Pump Curve data Pump Curves for New Conditions
SG 1.0 SG 1.00 System curve ref point
Viscosity 05 cPoise Viscosity 05 cPoise mfhr mreqd
Speed 1800 rpm Speed 1800 rpm 3200 49
Impeller 3137 mm Impeller 337 mm
Flow Head | Efficiency Hyd Powarq  BHP How Head |Efficiency Hyd Powe  BHP System
m?/hr m % kw kwy m*/hr m % ks kW m
100.0 54.0 74.0 14.70 19.86 100.0 54.0 63.1 14.70 23.29 0.5
200.0 51.0 76.0 27.77 36.54 200.0 51.0 831 2777 3341 1.9
250.0 48.0 78.0 32.67 41.88 2500 48.0 84.9 3267 3847 3.0
300.0 45.0 80.0 36.75 45.94 300.0 45.0 844 36.75 43.52 43
3200 42.0 82.0 36.59 44.62 3200 42.0 80.3 36.59 45.55 49
3400 390 84.0 36.10 42.97 340.0 390 75.9 36.10 47.57 55

Fig. 35 Tabular Data about Pump (Manufacturers Pump Curve Data & Pump Curves for New Conditions)

- 316 -



Resultant Pump Curve
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Fig. 36 Graph Data about Pump using ANSYS (Resultant Pump Curve)

3.1.5 ANSYSE &83 ndy HEHR ol 4
© el g% 2xug

wole] BlE oA oA Pdd W, wj@at A o R APS AYsoich wEs B8 vlE
o] Bole] HlEFel wasta, oju & uel] EAde HET] UelR 2x WsE Fotsith 94
Q)i L= wjFS B3 WEo] 50TA 49716 C7HA Wolzl AL 71A4sta AHAS Al 30

= =

B Fol ol olF & W WEH LR ofde 19 L, 1

& 49.7CAA Bol Fel7b] ARHOLE s e] 49,1207 Bl A

& 4 qlth dFe aYe AvEw 0B Rl eEE 27 o 4071609 2EZ A% 4
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49,102 Min

Fig. 37 Simulation Data of Heat-Transfer Pipe in Boiler using ANSYS (Transient Thermal & Temperature)
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Fig. 38 Graph Data of Heat-Transfer Pipe in Boiler using ANSYS

Tirne [s] ||7 Minirnurn [C] |]7 Maximur [°C] |Ff Average [*C]
1 |03 49691 4972 49704
2| 04se89 49685 4972 49701
3 |061378 49679 49718 49,697
4 |10844 49664 49712 49688
5 |24964 4963 49692 49661
6 |54954 49569 4964 49605
7 | 84964 49511 49585 49549
8 |11496 49453 49529 49493
9 | 14496 49396 49474 49436
10 |17496 49339 49418 4938
11 | 20496 49282 49362 49324
12 | 23496 49225 49306 49268
13 | 26496 49168 49251 49212
14 | 28248 49135 43218 4918
15 | 30. 49102 49186 49147

Fig. 39 Tabular Data of Heat-Transfer Pipe in Boiler using ANSYS

« Bnde HEFWAA DA E FFEL

S BRde HEH e @ AE dgojgolt). ofele} o] Pressure #k¥ Eddy viscosity
S g5t EHAFFE =235 th(Fig. 40 Simulation Data of Heat-Transfer Pipe in Boiler using
ANSYS (Pressure & Eddy Viscosity)). & 7F4] 1@ S B HIEFo] Fol= HEM 7z Mze] W3
7b FEHZ AL % 5 Ut o] dFEAA wEE frso] HAstal o] 2 Qg frEo WsE &
A 4771 dASEI Y. o714 Eddy Viscosity WHROlA @ASHE /\J@L%O]?l eddy?] FE==Z, eddy’} B
of WAk AL RkFe HElE fEo] Wol LAY Kol o] FEEAY gho]l AteE AL %
EdR=eia=

ofgfle] T E= Folof wE dHWIE Ueld Ao|th(Fig. 41 Graph Data of Heat-Transfer Pipe in

d A o]
Boiler using ANSYS (Pressure Data)). 1|2 & ko2 EARAE xF2 i & 59 Zol&, yF
o gy or=HS el Y(iO])J ol AdFF HAiAQl ¢Ho] FoEV+ s, FEt o
#EC] A 8FAE ol v AL AT 5 Ut ol A AN E eddyet A Aol
EHAA 242 ol FRolgdhs AS & 4 Utk

HU
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by,

gl BRAR] odeyA] Hi I GolstA o] Fold Ao
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Fig. 40 Simulation Data of Heat-Transfer Pipe in Boiler usmg ANSYS (Pressure & Eddy Viscosity)
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Fig. 41 Graph Data of Heat-Transfer Pipe in Boiler using ANSYS (Pressure Data)
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Table 40 Examination of Operational Costs of Geothermal System and Ordinary System(Boiler &
Air-conditioner)

Ordinary System I Ordinary System II
Geothermal
(Diesel Boiler & (LNG Boiler & Air-conditioner Svst
ystem
. Air-conditioner system) System)
Sortation Power Diesel Power LNG Power
Consumption | Consumption | Consumption Consumption Consumption
(kwh) Q) (kwh) (mm?) (kwh)
Summer
. L 204,465 - 204,465 - 151,158
(Air Conditioning)
Winter
. - 102,609 - 89,927 324,315
(Heating)
Sum
204,465 102,609 204,465 89,927 475,473
(Yearly)
Operational | prio0) 146,794,931 81,952,968 45911,675
costs
(Yearly) comparison 320 179 100
Installation Charge
300,000 300,000 530,000
(¥1,000)
The Pay-back Period of Approximately 2.28 years Approximately 6.38 years
Investment Costs in the | Compared to Diesel Boiler & Compared to LNG Boiler & -
Geothermal System Air-conditioners Air-conditioners

Table 41 Probable Cost of Our System

List of Items Amount Price(¥¥)
Cover of Rainwater Recovery Container 1 56,000
Aluminum Rainwater Recovery Container { 20.000
over outdoor unit of an air-conditioner ’
Aluminum Rainwater
i L . 1 60,000
Recovery Container which in Boiler

Sum of Stainless pipe, Copper pipe, valve 3 300,000
Pump 3 200,000

Sum of Water level sensor, Thermometer 1 150,000
Sum of Wireless transmitter, Wireless receiver - 200,000
Sum of Construction cost, Installation cost - 500,000
Sum - 1,546,000
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Al 2=8S 7hEshel AreluAwt ARgE T E AR AZF H7IARERIE 7,900REd 0] a1 of 7] o
A7t ehp Ao W AVAMEETF 3,530 0] A8 EH, F A7 AVAMEETE 19 143089 ] &
edn sHARE 7 AU FHRATI 2=547], WE g g gy, B ST AR E =
AHE oidsto] Artetdd w4 W, &F 2413 AHE, 330AHE Vo2 AZF A7IAHE RV 24,969,6
20 AR AU GHA|~gH 1/5 AR A7 SRV A8 HTh
Table 42 Estimated electricity cost of our system per household

. . - Energy Charge
List of Items Power Consumption per hour | Operating Time
(¥ /kwh)
Control part of the cover 70.4W 0.01 -
Pump 12.5W 0.1 -
Temperature Sensor 46~54W 1 -
water level sensor 28W 1 -
Sum of Wireless transmitter, Wireless
. 80W x 8 1 -
receiver
Sum Under 300kWh / 2kWh

4. A B
AgHow <487 ALL o §F AUA Wof AzGe GFAAY BAn AAE T AEA
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