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2.15) ¢ #2 WHoR YEr9 557 dAeEs SIS AR she] W
o= aefd 3tk o)A W Ao S STATIANE BETe aE
WA = 9tk o] W Wyzbe L] FHo] TUFHEY] witel] dnt 2 A
Boll M= FzouA 9 Bl gL | ol AFHARL, 35719 ool S7rEY] o
ol F7hE Fxe] ouA 2nlE AT Aol TheE Aot

7Y A AE ] P A A" v vikke W g2 9 Ay Es
2vj el Ad R Adsto] Abgshe W (1" 2.16) ol vebd 7|¥sdd AlA
o] 7hE Al FAEH BEE ogshs WA Utk

2.3 2D d=HE A|AERS MOZDeIS0 28 OF
2.3.1 NHsHAHS =

Ao gt of B o] wet Ao} Bt 5

NG AR Gk 2L oul gt Al 2

AE Ao} WAo] ek, o= Rl AAAT FFeHe HEA 9 el i Ao
. _

P& A A7) A

= =
3L 8k 38 w2 FHSHA HA, A = ggozy vt gest A
ofF AT  glom It &Fo]l AfFFA He o o2l 7HA SlFo] v
ZFEA o] = Al A (Sequence) Alo] ¢ I =W (Feedback) Alo] 2 EF-Fch A]d
Aol= wg] Al s el wep Alojo] 7 dAE SAA o2 ok Allojo]
Alole] o]l ~91%2] ON/OFF H+= Aske] 11/4 so2 et = A4
Aoy= A CEMER D AloZA o et A ARE] ey dAs Alojste
= Yujgtth 3= Aoj= Aojalse] v =l (Feedback) ol 93] &%, F1&,

1>;11>

P
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oHel B3 e AlFe APA G vlmah, AlolDs A7t QRGeS 1 A
ofFel et £ (EE)EAE Fahe AT Lot

232 NHsSHOAHS BF

(1) 299xAo] 52 (On—Off Control action)

2917 FAAE
100(%) o] Wig7t dojy= 2 Ao

717] glate] HAAF O] A7)0 whEt &S 3T Ei
Aok Aol

S Hojun 2] 0(%) Tx
o7 gttt o] 7l ¢kt
o] dAE F

Iy
N,
'
H o

(3) ©&xA0] =2 (Floating Control action)

T H AL SHY U2 5olew WBE JgEe s 1
ghrh. 3hE, SR AopAl 2 fhegoly AAlo] T3 o] SEAIRTo] whE
ZA2E FEAN 5 3 2 Ado] & ZrA A B AA AR
& 7 /it

o 2%, 55 4 by Wizt el Wl =0 AlFo] whAyea,

o] A7k WMty 2e)a Wskd A
el wlElsiy A77E 324 Ha, 58 dFel vlasiA st e O
Hug 2879 vdEolst FRARFE AojgFe] Yoy A S o
TLoEApe] HldElshs AV R 2ATEE MSAIZ o RN 291F] FEFelA B s A

- \=]
oY (FRAE THCE T A AE) S AA 2 F ole wEE T
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(5) AEA o] == (Integral Control action)

AT 1 Aloigd ZAATE A7) AlojAd S 2 Q= 3 x] AF-9F Zol P
FANEC 2 JAFEArr G ZAVE HE A B WHel o] HAEEA]
A AAde] Agole HaEX7F AstE W JFFEAr 2ASHA H = ol st
FFAAE AAL w g3zl ot} A|oj®p HE ]9l WAL A Ao
Hgst A712 22ES HIA7 = 53 Tkt

(6) m]EAo] =Z(Derivative Control action)

Aoy gz} AzF (A 522 5) 9 vl-ghel vldlsts A7 2 2&ES A7)

(7) Bl AEA o] =2 (Proportional integral Control action)

HlEACl AL AFAAE AANS fetol £F AL gt oA A

&35k Zlo] ul# A F 2ol

(8) Bl A En|EAo] 2 (Proportional integral Derivative Control action)

2715 AHgste] AUewE A Aolstua & W), HE7])9} Al
o= 11 54 AolE AANT = AA Qa7 P T ot ol AL
27 ] e Al E HlHAE TR Aol dAl HH Aol d el WF
of AT = glon, FapulFo]l LASHA HE AefdTt HAsHA 2 w7hA
dag grh B AAr o] 21 AleAl A nl A s Aol vl
skol, A (2w, dA @A) o AEE wRsuAM L Ao

ol (v EE 2 E AT oM B2 ok Ag o] F 44
HEdE 2 gAdEe] exE aRHoR AAY A% TS
Zrolgkal gt

M
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BE otk 58], WE/ AAH dpAlel: Wm S4% AFAA ol
7] Wil 1 Bl R A% S WS DY B5 LEF TR 20 F
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oj2fgt Ato]Z FE, AIZF w2 vheFsHAl 7o) ThsstEE AdEL] AMES
de] w0l 7h mgo] A AW Aol st gt o] 2w
HoEA o Fx71E Ao 7hestH, o] W ZF Fx7]19 FAAGE AR A
oletAl dAsto=H Hate] H53tE Tx719 7HEAEE 10% 8= &9
O7A o 200 LY AYFS =

A7 QYT EY AL AmelA] B oyA deka s vERa gl
thooly st AL FA7] Fetel 7SI Al AEE gt glojA] =ik
ofzte]| FH-s] W FELTt AE5H7] wEolth. ey Sl ofgtel=
e FTFEETE AEHAN Tl F2%7F 8TCol o ® & uirt Qi) o]
Aot 2o WesE w7 9eA AojdaelFel od AF Aozt Has)
th WE 718 FatE £ol7] fgt Fahide o R QU|WaulH AAES A
S3ohd, A=Y oA Aok ol @A oln, SN ofet 2o F7HA]
T Ys7)e FatE Fol7] st o st Alagle] A8d 5 9l
Aoz #oEn
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WEAY Reks Foly] 9% e usun AAHY 2FEAL gol ek
Aol Zo ABwe] oaA o] FolAH 2z LA oJa)A] W} 4
Eato] A%l Alxglo] $odHt,

7Y A" Aol EM = WARY] Al e A2} v
WE 3t How oWy AIAROR ThEstl AR ERHT oW Uyt
W AAFo R A-Es "k ol Rl s Fal V|Esd A AT =4
Hele] stod ARk W A AEe N T E AW W 9 Y2 4 5
= 7l A AE] RER dstdn, w3, Q7Y A A0 ZE F
of Ao ARSIl sA ekow vl Ak i A|ARlo R R Ky
A At o]f g Aojdae]Fol A A7y AATS dee] A8d &
At

71T AAR Y AojdngE SE5EE (19 2.24) 9 Zh
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2.4 =2 At AL

97y s A ~E o] el A Al $eldete g% B g2do] fAte
of A28l A8 EIIF 2 5 Yk el dEE 93] AL E 374 AR ]

£de B3 24} ek
241 012 I=HI AI2A 2H229)

1990 vl g =H 1ol 911 55 qFRO] AMFA el YIFdY AlA
EﬂO 7(4_9_01.7] ,'45]] ‘:'o].7;“}\]- ] Lg 1— ] _g_aol:/\ Xé
(fin) =& S7HA1A Hlas3i. o 15& AARE S 5
7Yl AT oy A dera ks YERT
uket g 2] skl

7Y A" AAISH] Sl A" Fek Ul 279 yEeTIES
<G 2.2>0 yEh Sl ol @ Abg | dlolE = v =W e Y oIHE o &
gto] FE0 XS XA Zlojtt

<H 2.2> DEHIO ARA AS9 HB2SAHM(GHEDI] M)

-14 -14 - 15 386.8 -
-1 -12 - 36 439.5 -
-8 -9 - 59 492.2 -
-6 -7 15 93 545.0 49749
-3 -4 15.6 156 597.7 50787
0 -1 16.1 214 650.5 51618
3 1 16.1 215 703.2 52840
6 3 16.7 193 738.4 52864
8 6 16.7 173 791.1 53997
27 19 18.9 - 1265.8 59000

e SAlE < 225004 YERd Al AR Bl 1l P79
2 AAS Yss Agets Gt A Wi AYs

29) S. A. Mumma, C. Cheng, A Design Procedure to optimize the selection of the water—side
Free Cooling Components, ASHRAE Journal, April, 1990
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W2 F7E U4 Range) & 22 YT 45 vebic

-14 | -14 | 3868 .41 - - - -
-1 | 12| 4395 1.61 - - - -
-8 | -9 | 4922 1.80 - - - -
6 | -7 | 5450 1.99 33|1.3(1.9/0.0|19/0.0/|1.9/0.0
-3 | -4 | 5977 2.18 65|43(40/1.9|22|0.0|220.0
0 | - 650.5 2.38 96|7.2|72|48|53|3.0|4420
3 | 1 703.2 2.57 12.1/9.6 /9.7 7.1/7.9|53|6.9|43
6 | 3 738.4 2.70 14.3/11.6/119]9.2 [10.1/ 7.4 | 9.1 | 6.4
8 | 6 791.1 2.89 N/A  [14.2]11.4/12.5/ 9.6 [11.5| 8.6
e s Brads Agshs slolth <& 2458 AR Yrads 4
71 S8l A= (row) o} A (fin) & S7MIA Bl g2 nd ETE5E 1
Wt A& vErd Zloint

-6 | -7 10.7 14.1 1.7 15.1 11.4 14.8
-3 | -4 10.6 14.2 11.6 15.3 1.3 14.9
0 -1 10.2 14.5 11.5 15.4 1.2 15.2
3 1 10.1 14.6 11.4 15.6 1.1 15.2
6 3 9.7 14.7 1.3 15.9 10.8 15.6
8 9.6 14.7 11.2 16.0 10.8 15.7
27 19 7.2 15.4 9.5 17.7 8.9 17.1

olgldt AN S Tl A7 EY A AEe] A A AHS Age 5
Atk o] A& AAE 7|FFd A AE] AL AE 8 row 12 fing W
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A3} T1482-09] Yzteto] A=At o]gfst A|AHe] FA oA dudr] 9
8L 75%7 A}

2,55 ol 9|74 A ARle] AN el AlAgo
W19 Z)AolHE AR 979 &TEE 6Colake] 2 o
= vepd Aol

>
K3
ko
N
iy
12
fol
o

<H 25> H=H1 AIRA 222 d2H0UX AHESE

-14 -14 386.8 15 5801.4 5801.4
-11 -12 439.5 36 156822.0 21623.4
-8 -9 492.2 59 29042.2 50665.6
-6 -7 545.0 93 50683.1 101348.7
-3 -4 597.7 156 93244.3 194593.0
0 -1 650.5 214 139198.4 333791.5
3 1 703.2 215 151188.0 484079.5
6 3 738.4 193 142503.5 627482.9
8 6 7911 173 136860.3 764343.2

of AFelE F 764343.2kWhel WFAUAT 9719 FFLE 6Tl kA
AgHg e, old et WETel oot WU A N YFYY AL A g

o= dekdt = QI
2.42 =32 AJI0| AARA H230)
(1) AHAAES e

S gstolel f1xsk AwA 70,000m'e}t 32F FEE ® AMEA AEoHh ¥x
HAL- 1726m X 25% (W5 826w, 254 900m") 2+ 1030m' X 5% (W54 500
m, £]5 530m) S o] glem, glFells Wi 5 WA (F.CU)
FRo= AFA (F27] 15,000CMH x 2t o] Ag¥o] i}, el Ayt Pt
A 2Eef] ALEE WE7]ls 900RT X 2t1+500RTS] HRYF 717 445 o] Qlth

.

30) Dafa Ye, Climate Conditions and Energy Savings Prospect of Free Cooling, Refrigeration
Science and Technology, Vol 1, No 3, 1997
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2) ezl 38

ARl 97195 WY A28 488 98] 550Ton/hs] F3, 22KWS
& 7421 WS} 280Ton/h el %, 1.1 cq JEALEE M WY o
g 2SI o] AL 9719 HT L% 8TlFINE S 9174
AsEE A gsglon, 979 a—? E 8~18TeME WET]Y ot
A3 715 A sEs Fakiee] ol FolFieh. oledt €7y A
o 2% dlolElE <E 2.6>9 (17 2.25)¢ et

=& Oold (&

=
=

N

7

Bl
1=

AMN‘UFJF_%
1>£o§rﬂ°¥ﬂ

—_—

drse2E 13.5| 14 | 14.8| 15|15.3|15.5| 16 {16.2|17.5|18.5|19.5(20.7|21.3 |21.4
HAEAAR2E 12.5| 183 | 13.8| 14 |14.3]14.5| 15 |15.2|/16.5|17.5|18.5(19.7|20.3 |20.4
d=z332k 10.2{10.4| 11 |11 {11.2|11.5] 12| 12 |13.4|14.7|15.6(16.5/16.5|16.5
A HL+EE25|9.2(9.4| 10 |10 [10.2{10.5| 11| 11 |12.4|13.7|14.6/15.5/15.5|15.5
MM WLA+EER2F| 6 | 6 [ 678 9 | 101112 ] 14 | 16 |17.2]19.2
23 ool g

15 17

18.5 20
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AARe] 24 dolEE BAd ¥ An AAHQ WY WAy ERen
S AAR RS EE Aot drke AE & 5 gor, A/ HFene
o @7 A AstE AL O 5 A9 9719 FTEEt ReSE 9
B A ARG 9719 FPRE ¥4 PG LEAHE Fobi
S & 5 AT AAAE A/1IFEY A2R 4 dolEE <E 2753
(14 2.26)9] vhehglch.

<H 2.7> AHIAE22 0lddey AIAES 28 HI0IH

2t

0%

o AIAE

0| 0| 0| 0| 0| 0 |200]270|500 |550|1150 1420
(KJ/m")

LH A LHY} A Gl
EIJIO&ZE)AI_: 52 | 240 | 420 | 600 | 620 | 750 | 710 | 400 | 350 | 220 | 220 | ©

(O 2.26) AtIAS9 AIIHSHY AJAS 28 OO0l

AR £ HoleE el 97 W5 A2 U] debav W <
RS E S I CE O T e P E AR

£ 99 Asge] AEHgoM, 8~18T AL A
Fede stol Be YakE PUsts 20w vehgrt.

R



(3) 7195 AzEe U debast W AN Bt

olgst 54 dlole W 4 volHE AR AHAES] oy dekads
Mgk A3 91719 F72% 8Toltell A= 7l A A"ENE 483l
T A7F 2682 KI/m' 8] o= Aokg a7t glglew, 8~18TolA <] dnt Wy
283 23 AF F9ole AzF oF 1900K)/m' 2] olux] Aokgntr Iich

> oY Me

o] A4 AT YFHo| FFHE AA FHS 850,000CMHe| =2 A7 o
YA Aok oF 2279x106KJo|th W 97|yl A AES tfals)o] Em

#%% Ali 9.% Abg-sto] A gre) AoH F7 e = Hlﬁé J_Eﬂ oPO% ﬂﬂl
T oF 3.4do] "o}, T3 WE 7] ks £o]7] Y3 23
600KJ/m' 2] o=l dekaart gloms AH| AFghy|

2.4.3 Canada L& =2Al HS31)
(1) AHEAES Ne

Nt St—Leonardel] $1x3 424 6,500m'e] A3}ws=rAF AEolth 1995
WH-E 1999d7HA] FE8HAl 7|4y AlAgE A g8t 38l dEel gx
Ae S AT AR == 1995 o= 479 o]l o, 1999 157
WO Fojton, A= 24 A1t T E o] st g8 Akt o]
sk yado] A g 540% QE dF Wyt wAdsts dEolth

o] AEele 7I% 10TCol e 7IdFdy AAES A8 3=
sl Agstglon, 7% 0~10CAE Wa7lE "3 7|E5-dd AxA
g8 7heskslon, 9715 0T H b A= =eto]E 8 (Dry Cooler) & ©]-83F4
B SIS EFste] AW dY AlAELE JHESESlTh o] st AJAEE
1995 FH 1999d7bA] &=a8 02 o] FojRom, 1 7]7F 53t &= oy

A A |l E (2" 2.27) o YESlth

31) CADDET, Free Cooling of a Commercial Building, March, 2002
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Iar pr May  Jun Jui ac
Ianth
| REES] 1996 1997 1998 W 19

(02 2.27) Bell Canada wW&=Ab HZ2° OILXl A

2
)

19959 190 & Q)74 A| A~vlo] A& 8l7]o o7 o]
on 19964 8¥o= ALY == 9 AZ .
1996\ 119el= 752) wiahd) e dEel g Ao Ay

W, 1998 12€0] WE7|9 FEE nxwo g AL

e PRAge By e,

L)
3!
e
o
o
i
>
o
ol
2
0
t
o

1o
o
~
ok
N
ot
ok
>,
[
i)
to |o

(3) 97195 A2e] U Aekas 9 A4 B

Bell Canada 3=AF &9 AF oA v HES AR 7|W5I8
A AELO] oYX Hekgats ®BAE Ay 19950 F olUA Ln|Fo] 2,986
MWh/year (i 87g0] 8] =] 2ulgF Ao ol o, 1999de= F olvA] &
H]&Fo] 1,240MWh/yearo = AFEH gt AHAES] 27|Wdd Al Aglo] A
g5 o] 1,746MWh/year (58%) 2] o= derawrt Agom, weagnol oy
A vk E28ste] AtES A3 Al AES A7 23%2] olux Heka iyt
U= Ao A QUL o]gf gt oy deka el tie AAA BrHE Al 4
3} 1995@HE 1999d7kA & CAD 343,500(3+3} oF 39 13 wkg)o] Aekyg)
o, NZE AAFS F7tsk=d] & vl Eo] CAD 250,00001 2% 3d AL F
7he B go] Agkd Aow duEch
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25 & &

W ogelAE 9719 Asge) o 24 1S Ba) AAHY 54, AL
&gl Alofe] e AE Avingion Felelx €7Wsy Asdel 2 gH
AAAEE FA 971 AsRe UA dota W AANE BAL F
sl zAbstelth 91719 AARel e A2 aokehd el Pt

(1) v5e) sze o] SR8 55 FE AL A% 97195 Alx

S Agsiglth At AR 71YFEd AIARES A getr] g WAe 9 W
e gt AsAES AR on, O A8 FFLEREE Ao, 9)7]
W Al A" HE 7hesh AIES AbESIT AtEl B AlAE Haks A
Aet & 71 EY Aagle] beE 5 Sl 9718 7% 6TColstel =
AlZre aefste] Q7 Wl ARl oA dekg s e o] et 7}
& Bl AtEd R s Q7YY AAARo R A8 Az 764,343.2kWhe] A
gefo] doky= A0RE e

(2) F=¢] Astole] YA 325 FEE AFEA A&l 97| EFE Al AE
S Attt A AR QudrE o4 1 VW5 dY Alagle]
g9lom, FTF2% 8To|stllA &7|W5dy AARS 7HEsksinh =3, U
719] ¥-a5 Fo]7] Yall 8CT~18T oAM= At Wk A Ay} 23edS AAS
o Q7| A2 ALk sttt 1Y A AES A get
A ES] 4 HolEE ZAR 7G5 AAF] ouyx] dekaas 74
holon, Wb EEen W Y n 58 535 AAZAY A4 &4
o & nlmwatolth. oY A AEANME VW5 dY AAFEoR g dwsh
o] 7] FANEE 1HPE Aol 3430 ABEE o e

(3) AMurre] Astud=At A2 1995 H-H 1999Lﬂ77}xl dee gad
ol VI AA"e 87 AtElolth o] HEe Astu kAl
2 el w2 ekt sk glglod, ——57P7l 4 FA7 s B2 W
UAIZE 2l s = AdEol3l7] el SN g a Hds] A ¢
e PREE e st RRY ZU]de ¥y AlAEe] @7]9
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33) TRNSYS, A Transient System Simulation Program Volume I-III, 2000
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4.1.3 TRNSYS 15 Z2J8° £33 & 24

AE A allAd T2 73el TRNSYS (transient systems simulation) & || =
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1 et B 2t 71.62 444.044 52.2
2 SRAIE 664.47 4119.714 18.56+130.5
3 Z i 244.8 1517.76 66.7
4 et Z 2t 72.86 451.732 145+27.84
_ 5 SRAIE 427.36875 2649.68625 66.7
1& | 6.2m | 5.8m
6 ZH| 232.065 1438.803 5.8+71.224
7 Alg 119.0625 738.1875 38.86
8 =gt 73.59375 456.28125 5.8+17.4
9 SAHA 59.76 370.512 14.5+16.24
Al 1965.6 12186.72 677.324
10 SRAIE 71.62 336.614 38.7
11 ARAIE 664.47 3123.009 13.76+96.75
12 ARAIE 244.8 1150.56 49.45
13 ARAIE 72.86 342.442 107.5+20.64
25 | 4.7m | 4.3m 14 ARAIE 427.36875 2008.633125 49.45
15 24l 232.065 1090.7055 4.3+52.804
16 Zhd| &l 192.65625 905.484375 25.8+68.37
17 SAHA 59.76 280.872 10.75+12.04
| 1965.6 9238.32 550.314
18 JIH & 71.62 336.614 38.7
19 Atd| &l 664.47 3123.009 13.76+96.75
20 ARAIEI 244.8 1150.56 49.45
35~ 21 JIH A 72.86 342.442 107.5+20.64
_ | 47m | 4.3m
85 22 &dla 620.025 29141175 53.75+68.37
23 24| 232.065 1090.7055 4.3+52.804
24 SAHA 59.76 280.872 10.75+12.04
Al 1965.6 9238.32 528.814
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el olEd F2AE A Asel dAEE FAS 2ARk] T
A GURE ghe ATSAT oY WA FRAYE duFE @S
PREBID &1l 274 &8 F Q= vloldH goz o9 dabate] A skal
ct.

e <E 4.2>0l 298 724 BAzRA 79E el

ipgl
Y
4J
0x

<H 42> &2 2=H A

SNBE(2d) 0.025 0.756 0.0331
Jdetag BE 0.05 0.151 0.3311
AN8E(1d) 0.0125 0.756 0.0165
Q = 0.353
PEZS(23) - - -
JdetASEE 0.05 0.151 0.3311
IR 0.025 0.756 0.0331
LHESE SN - - 0.03
AEHE MY - - 0.012
£2 2232E 0.08 5.04 0.016
SUES 0.08 0.105 0.762
PE 2&/=g= 0.0006 - -
LdRECNEFHE 0.005 0.16 0.0312
X =2 NEZZ2E=2 0.013 5.46 0.0024 0.254
232 E 0.2 5.04 0.0397
247 HgsZ 0.02 0.168 0.119
= J1 & - - 0.024
& ElADNZ 0.015 0.231 0.0649
HEH S48 - - 0.024
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1 StOLAl & Ch =& 100 60 40
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34) ISO, Moderate Thermal Environments — Determination of the PMV and PPD Indices and
Specification of the Conditions for Thermal Comfort, ISO 7730, 1984
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Bensor FHE PRINT-3
(278 U Cooling Tower (2] 7]|Y MY psychrometrics -> Cooling Tower
Parameter INpUt | Output| Derivative | Special Cards | External Files | Comment|
[ Humidity ratio iater inlet temperature 37
| [1 [ et e Ex z —
e Wet bulls tempezatuce Inlet water flow rate 310200
2 [ | et water flow rate 310200 Ka/hr T -}
5[ |0y bulb femperature 77 € e Enthaliyr Dyl st dratiied z
T g et 57 < — . Density of mixtuze TWet bulb temperature 7
5[ | Sump make-up temperature 32 [ T ..._‘_.I Density of dry air Fump make-up temperature 32
& [ | eiatve fan spssa for cai T TREEEETE " jrore. i | | Percent relative humidity Relativs fan spesd for cell 083
Turbo Chiller Dty bulh temperature
Paramster Input | Output| Derlvative | Special Cards | External Files | Comment | Dew point temperature
| [T [ CreE waer T 5 3 — Status
[ | Chilled water fiow rate 748700 FarhT T
5[ | cooting water 3z T s W (2]7]YW =YY Cooling Tower —> Tower Yater Pump-1
T g Cooling water fiow rate 310200 o/ T
ol - . - s S temg Inlet fluid temy 200
5 | chiler contro signal o = — B Sumg fow tate Inlet mass flow rate 310200
(211E2D95) Heat Exchanger Fan power required Control signal 10
Heal rejection rate
Parameter NPUt | Output | Derivative | Special Cards | External Files | Comment | %
Cell outlet temperature
1 Hot side inlet temparature 14 C
| ] Hore i Water loss rat
2 = Hot side flow rate 247200 ka/nr Mare,,, A
3| | Cald sida inlet temparature 5 T ETE gt
[ | cotd side flow rate 308700 TarmT o Onutlet air wet bulh
= | | Overall heat transfer cosfiicient of 75 EITRT R Qutlet humidity ratio
of| exchanger Mare.
°1, Outlet ait fow rate
(217|551 Absorption Chiller
Change in internal enesgy
Parameter Input | Qutput| Derivative | Special Cards | External Files | Comment |
LY A LHYE - il
[ Chiled water infet temperatore iz € T RS A M ey
Chilled ter 1l 1
% i i . Mors [y | [ Temperature at outtet 1 Chilled water inet temperature [
] Cosling water iniet temperature 23 z S
=R Flowrate at outlst 1 Chilled water flow rate 248100
| Cooling water flow rate 520200 Rarhr T i
R - - — Temperature at outlet 2 Cooling water temperature k7
& Hot water flow rate 507400 Tahr T Flow rate at outlet 2 Cooling water flow rate 310300
| CHW set point 7 < _}ii Costrel function CHYW sst point 7
| Chiller conral signai T - W Chils control sigael i
=] I 2H O = =1}
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AEHolA 21 U ES] AAxAY Tk selth oy st Al Ed el
o A= A = WedbHstE PREBID 215 oA ALtstal
o, o] A4 [SIBAT = A&sto] i WFate] & W
=] 9] Anlge AFESIITE 7173 dlolE o] AIZHE 97| x7del SJAl AlE#H O]
Ag 7hEsrel7] witel BAE, ¥Er], Ax, dudr] 5 ddEed AE&He
WA AR O] A AE AvdES FAakste] € Wiy A] av|Eg AbES)H
A h.

et 2 HAWUEX A AHl 2
KWh KWh
90,000 500,000
80,000 [ . ™~ 450,000
70,000 H| ~ . .
’ 7] . N ~
50000 K .. 400,000
50,000 F ) i “{ | 1 350,000
40,000 HF-|1° 300,000
30,000 |
1 250,000
20,000 |-
10,000 F H H {200,000
0 ‘ ‘ 150,000
12 22 33 48 52 6= 78 8” 9= 108 112 129
—E T
— S AE B Al W AJAED - - - - SAALQ DAL A A

(O 4.10) e AJAEN 02 88 HL0UHX A2
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<H 48> 42 AlA80 GE 22 dL0HX A

18 385,585 302,209 83,376 21.62
= 376,738 307,804 68,934 18.30
33 414,521 347,717 66,804 16.12
43 427,160 406,194 20,966 4.9
53 456,995 456,995 - -
62 473,983 473,983 - -
73 483,471 483,471 - -
8 487,016 487,016 - -
k=] 465,830 465,830 - -
103 441,724 427,502 14,222 3.22
Mna 421,815 379,188 42,627 10.11
128 402,884 328,113 73,771 18.56
g Al 5,237,722 4,866,022 371,700 7.10

dof w2 9 Wwoyz] 4n|HS AESE A3 4
5,237,722kWhe] v}k MXV} &

PAAE AgE Q7 EFdy AAEo R 3] AZF 371,700kWh(7.10%)
o] Wbl yA| 7t Aoky]= Ao R et on, o7y Al A" 8] ARG 7] 7k
Ho) 21.62%7H4 Bl 7t doky = o ® yEersth o dEel 489
ANEFIHE AL 1085 H 4€97HA] 7haEE 22 YEets o, 97|y
Wk Al A g mE 9 oA Hefades 1295 3€7HA7F & A
o=z zAEQleH, €84 979 HFF2ETt P W 124 7|9YeE A
2] o] deka iyt bg & Ao e

rlr
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Natglon, Agdolde 2L g AA%AT Fols
2 Aol ¥ ARl 97 F ALY AEPAE
s

7]
golds T Aol wE 973 *l/\a‘«l oA Aokt

g ES gujde] 77dde osk Aupddo] tfE Fof Hldl 7] wlFel
PREBID ZZI9°] 2315 neste] FujAde] 77|adzds vj&4os =43t
Aok iA=L Aujae wEk gu)a, S diolHuA, AFAE FEEHY 9
ow, vl AFFrA 771 dEe] 5L HAF 10%, Ui 90%37 2] vl &2
dEoldith AlEdEolAS JEHEAe FESH dlg Eed FAS njEE A4t
Ak =3, FAES 7o AlEdelAS Fa AuEdEzas 10%% 50%

A A A G71E5EE A" oyA] dekg s EAsglt o]t A
Yol dEHxAS <F 4.9>9 (18 4.11) 0 eI

<H 4.9> Alsclolde g xA

Jl=0t 19 350 410 140 100
CHOH #1-90% 19 315 369 126 90
CHOH #2-80% 19 280 328 112 80
CHOH #3-70% 19 245 287 98 70
CHet #4-60% 19 210 246 84 60
CHOH #5-50% 19 175 205 70 50

37) Nonresidential Cooling and Heating Load Calculation Procedures,
ASHRAE Fundamentals Handbook, pp.29.13, 2001
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New Gain Type

New Gain Type

ﬂ ,  newgaintype:  [TIOERII ﬁ . newgaintype:  [SEENNIIN
radiative poweat: 2] I?SIZD. kd/hr radiative power: |2 I?DSDS kl/hr
convective power:  H | ] kd/hr convective power: | EEFARE kl/hr
ahs, humidity: 7] lD kg/hr abs, humidity: 2] lD kg/hr

New Gain Type

ﬂ | new gain type: (AT i E Lo new gain type:  [TTER
radiative power: 7] IESE?? kJ/hr radiative power: 7] IEESED. kdshr
convective power: B |589495 kJ/hr convective power: R |512545 kl/hr
abs, hurnidity: .z] |U lka/hr abs, hurmnidity: 2] |D kg/hr

H ) new gain type:  [EEEE i i ;) new gain type:  [SUE
radiative power: 2] I5125r15 kd/hr radiative power: 2] 148129 kl/hr
convective powear: B |451290 kJ/hr convective powar: B I-'HSIB] kl/hr
abs, humidity: 7] |D ka/hr abs. humidity: | 7] |D ka/hr

(08 4.11) nesEdlae Al2dold gxA

PREBID >~ z7731¢] wWgdRFAS g€ xdy sdsiAl A4 ol# st
PREBID =2 7#99] kS IISIBAT Z 27396 AL A|A Aut vl A Az} 9
NIy AARE vlwste] 7|y A AR oy %] Hekg e bhots)
St

(2) 715 AARE] oA dokg vt

i dEelA Fujde] g = E(zone) o] ALz AS vE&Ho= 3
AA FEACE A PRALE B PPelA AulF F 497195
WA W gelU A 2R FE AEstel 971 Asge oy

Aobate LA T, AR AWIA 100%F 7FOE A
71%4»&% A2asle] oA ekatel AupRe] v g 109%4 AGsHA

= o

)
(=S S D T Ok

_9.
W =

7N Al B oA oy ] deka s Blas)

%l
=L U}% 1B A AES] oy x AekgaE BAsH
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gz S el o AWEd HEo] 90%d W FFA+E E A PHA
Z3to] 97

AE Il T4 9] 7|y s ) A AE Y] AW WHlo U A AH]| Y % A
YRR AREOR Q% olUA APFS AZegh T <E 41057 (1
4.12)° AYEd 90% Y uwj (tiet—1) 2]7|Yyiil Al 2= 9 °ﬂ‘47‘] Hokg 2
ebaet,

410> CHQt-1 (ALHEZE 90%Y [ AD|H-er AJARS UK Hs)

12 352,389 282,749 69,637 | 19.76
g 344,301 286,726 57,575 | 16.72
3 378,831 323,085 55,796 | 14.73
42 390,382 372,870 17511 | 4.49
52 417,648 417,648 - -
62 433,173 433,173 - -
78 441,844 441,844 - -
82 445,084 445,084 - -
9g 425,722 425,722 - -
102 403,692 391,813 11,878 | 2.94
18 385,497 349,894 35,603 | 9.24
128 368,196 305,746 62,450 | 16.96
g 7 4,786,754 4,476,305 310,449 | 6.49
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A2 HBHO A XI AHIZF
KWh KWh
90.000 500,000
80,000 | 1 450,000
70,000 Fm .
oo 1 — S~ | ©oo0
N
50,000 F ,* s |1 ss0000
#
w0000 f |f- 1 300,000
30,000 1 250,000
20,000 F
10,000 T H i 1 200,000
0 ‘ ‘ 150,000
12 2= 37 48 58 62 72 8¥ 9F 10€ 11¥ 103
[—CETET
— AL EAl W AJAE - - - - BAALQJ| AU A| AL

N

QA E] W A aEe mE 9 Yoy A] Lv|Es AEs 47, 554
+E BA Y A ARl Qo= AA7F 4,786,754kWhe] WHFolU A7t An]E Q)
ow, F54 2eo] o= A7 4,476,305kWhe] oy
A7 AnET g Ee AER Uy AlAEloR Qldl Az
310,449kWh (6.49%) 9] BrdellyA|7} Aokr= Ao Yeston, £7|¥44
W A AES] ARG 7] el H

¥

Al

+

2
~
ol
iy
ob
of ©
>

Ague] og Ayt ujgo] 80%Y Wl F5A+E R A WA
7Y EY Alagle] A Wk x| v EE AbESHe] 917
° | ARES AES T e <X 4.11>9) (19
4.13)°l AEd 80%Y Wl (tet—2) &71¥5d Al~gle] o x| dekg s
e
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<E 4.11> Het-2 (A2 80%Y I 2AD|HWHEE AIAEOS X BAs)

E 319,187 262,054 57,134 | 17.90
g 311,864 264,626 47,237 | 15.15
32 343,140 297,363 45,778 | 13.34
4 353,603 339,236 14,367 | 4.06
52 378,300 378,300 - -
62 392,363 392,363 - -
79 400,217 400,217 - -
82 403,152 403,152 - -
9 385,614 385,614 - -
102 365,659 355,913 9,746 | 2.67
12 349,178 319,968 29,210 | 8.37
128 333,507 282,270 51,237 | 15.36
g 7 4,335,786 4,081,078 054,708 | 5.87
et 28 dLUHUX AHE™ AHl2
KWh KWh
90,000 500,000
80,000 F {450,000
70,000 [
60000 | 400,000
50,000 H | _ - 9 | 350,000
40,000 | g . "N | 300,000
30,000 f p = {250,000
20,000 F
10.000 | H 1 200,000
0 ‘ 150,000
12 2% 3= 42 52 68 7¥ s¥ 92 102 1Y 1°%
— T
——E AR A W AJAE - - - = BAAIQ W Al AE
(D& 4.13) THOH-2 (MLHZS 80%2 O 2ID|HAWe AIAEO 0K =EtEDH)
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QA= Wy A AEe mE 9 Yoy r LvEs A 49, 552
+E R g A AE Y] o= A% 4,335,786kWhe] Wkl Y x| 7} 4u] = 9]
ow, FFA+7IYTFEY Al A f-ols Az 4,081,078kWhe] WHke
A7 AnlESAT g Eed AEE AEFEd AAgo® Qld Azr
254,708kWh (5.87%) 2] el x|7} dAoksl= o= vEelst o, 97|y
W Al AEL ALE-7I7bel = AT 17.90%71H4] @l U A7 Hoks e R o Z el

Ir e
d

4.14) 0 AWED 70%L W (HeE-3) 7P A AR ouA] dekaE
LFERS T

<H 412> -3 (A2 70%2 M 2AD|HaHEh AJAES] UK HAS 1)
12 285,988 240,122 45,867 16.04
23 279,427 241,505 37,922 13.57
3 307,450 270,700 36,750 11.95
42 316,825 305,291 11,534 3.64
53 338,953 338,953 - -
62 351,553 351,553 - -
73 358,590 358,590 - -
8 361,220 361,220 - -
k=] 345,506 345,506 - -
1038 327,627 319,803 7,824 2.39
k= 312,860 289,410 23450 7.50
128 298,819 257,686 41133 13.77
g A 3,884,818 3,680,339 204,479 5.26

gzl W Aag e 2 el mnRE AR A, F4
+HEI A W A AES] Aoz A%F 3,884,818kWhe] @Rkl u A7} 4] H Gl
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on, FA+97|W5d A AE ] H9o: 1% 3,680,339kWhe] wdtefi %]
7b o anjE ek g g A8E sy AlaRloR <lF dzb
204,479kWh (5.26%) ©] ¥y x|7} dofe]= Ao ® yephgon, o735
A2 1] ARE7IZEel = H ) 16.04%7HA] Wil |q A7) Hoks] = Z 0% JERRkT

H2b HAUUH X AHIE
KWh KWh
90,000 500,000
80,000 ¢ 1 450,000
000 {400,000
60,000 | ’
50,000 | 1 350,000
2000 H| o 277" TR | 300,000
0.000 7| 1 250,000
20,000 |
0000 | 1 1 200,000
0 ‘ il 50,000
12 22 32 48 52 62 72 82 9% 10¥ 112 128
ESAE A W AIAE - - - - EAGQ | A|AE

(0" 4 CHot-3 (AL 70%L [ 2AJIHHe AJAS UK Hsi)

gz SaEm el o AWEd HEo] 60%Y W FTA+EE A JHA
2 FEA+ ey A aEe A Yy A anEe AbEste] 97
Wy AagoR gk duA] AEs AbEslth v <34
4.15) el AWEd 60%L W (HHet—4) o7 g3 A A5 °1]L17<l dokg s
LFER T

413> UiQt-4 (ALHZ D 60%Y [ AJ|HHE AJARS UK EAs)

= 252,790 216,954 35,836 14.18
23 246,989 217,361 29,629 12.00
33 271,760 243,047 28,713 10.57
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<E 4.13> Hot-4 (A2 E 60%Y I 2AD[Ha-HE AIAEO U HASIHAHS))

43 280,046 271,035 9,011 3.22
53 299,606 299,606 - -
62 310,743 310,743 - -
78 316,964 316,964 - -
=] 319,288 319,288 - -
=} 305,398 305,398 - -
108 289,594 283,481 6,113 2.11
(k=] 276,542 258,220 18,322 6.63
= 264,131 231,993 32,137 12.17
e Al 3,433,851 3,274,090 159,761 4.65
X 2ret FE 420U X 20 ENSI=
kWh kWh
90,000 500,000
80,000 1 450,000
70,000
60,000 7 400,000
50,000 7 350,000
40,000 7 300,000
30.000 u - T .| 1 250,000
20,000 I I
10,000 H 1 200,000
0 ‘ |_| A1 150,000
18 28 338 42 538 62 73 83 93 108 11& 128
=2y
— A EA WY AJAE - - - - S AR)| S A AE

(O™ 4.15) HeH-4 (AU E 60%Y M 20|t

el A anEe
7t 3,433,851kWhe] WHev A7} &

AAE] oA ZoFS )



ovl, FEA+1EEYY Ane el A7 3,274,090kWhe] @]y
A7 zeEgnh YRR AEE A/19FY AAPOR A An
doks = RO vekskov], 97195

159,761kWh (4.65%) 2] ol g=7} 4
W A AR O] ALY el AT 14.18% 714 Wbl UA| 7} Aok o7 el

W Al aglow Qg oA dibeks Id
4.16)° AEd 50%%9 W (i]t-5) A71PF Iy A A" oA dekg s
LFERS T

<E 4.14> Hot-5 (ALHZ Y 50%Y I 2AD|H-HEE AIAEO UK B

12 219,591 192,549 27,041 12.31
23 214,552 192,195 22,357 10.42
3 236,070 214,403 21,667 9.18
42 243,268 236,468 6,800 2.80
53 260,259 260,259 - -
62 269,933 269,933 - -
73 275,337 275,337 - -
8 277,356 277,356 - -
93 265,290 265,290 - -
1038 251,562 246,949 4,613 1.83
k= 240,224 226,398 13,825 5.76
128 229,442 205,192 24,250 10.57
g A 2,982,883 2,862,329 120,554 4.04

QA E] W AlaEe mE 9 Yoy x] AnES AEd 49, 554
+E R P A AES] Ffo= A7k 2,982,883kWhe] Wil | A7} 4H]H Q)
on, FFA+7ETEY AR Aol A1F 2,862,329kWhe] W@igely
A7 ZanlEGT = AEE AUdeEd AAgoem Qld Azr
120,554kWh (4.04%) 9] ey A7} dokr= Aoz vehgton, o7y

—W r&
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W A AR A7) 7R HO] 12.31%7FA WU A7 dekE= Al o2 e
ok
ot U X AHE
KWh KWh
90,000 500,000
80,000 F 1 450,000
70,000
4 400,000
60,000 |
50,000 | 4 350,000
40,000 4 300,000
30,000
_ 4 250,000
20,000 | ~ .
10,000 H [ =|7° H 4 200,000
0 11 1 150,000
12 22 32 42 52 62 72 8¥ 92 10€ 11€ 12
— =l
—— A EA WY AIAE - - - - SRAQD e A
(O 4.16) HOH-5 (A LHEE 50%Y [ QD|H=Her AJAESl X E2ts)
oA B Sague] o Audd vl g o F5A+ERA WA A
3 52+ 3 Fe A2 ANE o) &
s].oq 1;]1}\1-7-]%_4 NLHHLoﬂ 100%E 7]% ]i

99 ux debaug Pt the

o7 Al aEe 2 ey A 4]
o

e o7y AlaE Y] ouA] doks JJr% LHER

<E 4.15> Aol wE o7 Al Age] oy x| doka vt

JI=2et-100% 5,237,722 4,866,022 371,700 7.10
CHeH-1-90% 4,786,754 4,476,305 310,449 6.49
CHEH-2-80% 4,335,786 4,081,078 254,708 5.87
CHOH-3-70% 3,884,818 3,680,339 204,479 5.26
CHRt-4-60% 3,433,851 3,274,090 159,761 4.65
CHRt-5-50% 2,982,883 2,862,329 120,554 4.04
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AH| 2 2y JdaolH Xl AH|
kWh
5,500,000
5,000,000
4.500,000
4,000,000
3,500,000
2,500,000
100% 90% 80% 70% 60% 50%
(WA A WY AAY OS2AQDId2dY ALY |
(08 417) ALHEIN 02 2D|HHe AJAES] X E2ASH

AR WE S/ ARl o Rt 2 Aok,

2 v go] 90%% Wi 16.48%2] Ak } FaEo] A ¥ Eo] 50%
U W 67570714 AebEs AT A0w ekt e, Augelo
gol BT FE A7) YFYRA A0 Haks B2 97 2 (zoning)
Ag e stofobiet.

432 23250 OE ld=dd AILES UK 23

BFAED G8E /g Ange BYLEE 9719 L% 5T
o) zugjo] Az Ee) gl A, A4 ER e =
Ast, g El 1*%% YR A 29 AL Est 8Tol sk A
= S, 971G FRY AsEe) o BH 1F U e
e 8Co) S A fow AR o
w2 oowm—% 2elstel L) g o1 EdS Hage 4
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(1) A&l e

=l 288 2RMA ] A MBS AEAA PsT 2 S8 E P
= ] al

G dud] Zox SRR dAARe 488 o/1NFYY Anwel A
HEEE 1CH 8TAA F7HAA 71959 A2ge) oA Qetang
Ak oleld ABdol el dY2AS (19 4.18)) veby)

(21859 valve (221854 valve

Parameter Input | Output | Derivative | Special Cards | Exteral Files | Comment| Parameter Input | Output | Derivative | Special Cards | External Files | Comment |

([ s et
| et temperature 32 5

Inlet flow rate 310200 wa/hr

@ o] |

Mare..,

[T | iniet temperature k3 Lc_ T
7T

Inl=t flow rate 310200 More,

More.

o] 2|
| Heat source temperature B 5 T [ | Heet souree temperature [ C T
o) 4l

Set point temperature 5 T Set point temperaturs 5 T

Hore..

More.

(21714 =34 Valve (1218432 Valve
Parameter Inout | Output | Derivative | Special Cards | Extenal Files | Comment | Parameter Input | Output | Derivative | Special Cards | External Files | Comment |
o | [T ] g[imiet temnerature 32 If_ SITE & [T [ g[iniet temperature k3 Lc_ T
Iniet flaw rate 10200 arnr e Inlet fiow rate 310200 affir o

More,,

Set point temperaturs 7 T Set point temperaturs ) T

2| |
T [ | Heat source temperature 0 i | Heat source temperature [ T e
L o

More, Hore..

(02 4.18) AlE22iiol@e g&HAXA

(2) 71 AlA"e] oA Aeokg it

ok fo
~
o%
¥
o
ok
>
[
T
1o
i
oX
[.
kit
il
a1
3
-z
o
oo
3
)
N
ofN
N
)
>,

of whE 97|YFdy AR oux] deka s FA45HS
AEY MAHLE 5TE 7]|F0 7 AL

B2 v,
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<H 4.16> Hot-1 (BER2Z 6TY W J|H-HE AJARIO

OIHX 2ofs

)

1 385,585 302,209 83,376 21.62
28 376,738 307,675 69,063 18.33
3 414,521 346,526 67,995 16.40
4 427,160 402,168 24,992 5.85
59 456,995 456,995 - -
64 473,983 473,983 - -
7 483,471 483,471 - -
8 487,016 487,016 - -
9 465,830 465,830 - -
104 441,724 420,542 21,182 4.80
e 421,815 374,489 47,326 | 11.22
12¢ 402,884 319,753 83,131 20.63
g Al 5,237,722 4,840,657 397,065 7.58
2TE Y U X AHE AHlE
kWh kWh
90,000 500,000
80,000 1 450,000
70,000 —
1{ 400,000
60,000
50,000 4 350,000
40,000 F k= |-|° 1 300,000
30,000
1 250,000
20,000
10,000 { 200,000
0 150,000
12 22 3% 48 5¥ 62 7€ 82 92 102 112 129
— ==Y
—= e MAE =« o o ZaA4Q) )| hatel A A
(O™ 4.19) tHet-1 (B2 M 2D | HHEE AJAEOl O X HtS D)
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g Ee] W Al ade] mE 48 YU oS AbES A3, S5
+E R A Yk A AElY] A Qo= b 5237,722kWhe] Wl YA 7F An]E Q)
on, FFA+7NYTEY Al Aol Az 4,840,657kWhe] Wrke
A7 AnlESAT g Eed AEE AEFEd AAgo® Qld Azr
397,065kWh (7.58%) 2] ¥eldx|7} doksl= o= velst o, 97|y
WA AES] ARG Tl A 21.62% 714 WU A 7 HokE = Ao ® UL

Wk mEsh g Ee] AEE oY AIARE 1085E 49714 ThE
= AoZ YER

g Eef AgH 7| YFdd Alage] dYLwrt 7CY
WA AR FA 4 9 7 g Al w4 Yty A
QYT I AAE o7 A% oyA AAHS A& .

(2% 4.2009] AAHLE 7CY vl (het-2) 471gF=dt A ~E o] o] Aok
a%E YERth

<E 417> UHet-2 (BE2E 7CY W 2A0IHHY AIAEOS UK HAE)

12 385,585 302,209 83,376 21.62
23 376,738 307,033 69,705 18.50
33 414,521 344,064 70,457 17.00
42 427,160 383,146 44,014 10.30
53 456,995 456,995 - -
62 473,983 473,983 - -
73 483,471 483,471 - -
8 487,016 487,016 - -
9= 465,830 465,830 - -
103 441,724 411,465 30,259 6.85
1ma 421,815 369,533 52,282 12.39
128 402,884 318,812 84,072 20.87
g A 5,237,722 4,803,557 434,165 8.29

A S WHl A AEe wpE 99 Wabo| A Av|ES A& Ay, S+
+E 1A Wk A AE] AQo= A7F 5237,722kWhe] Wilo| U X7 4] = Q)
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onl, FRA+AIGFIE s el AzF 4,803,557kWhe] W
A7k zuE AR AgH G99FWE AAPoE Qs Az
[

434,165kWh (8.29%) o] WU x]7} dokxl= Ao 2 yelston, o7y
W Al AE Y] ARV b= A 21.62% 7K Wil YA 7 Aok = A o7 e
ok 3, gidAEd g8 7@ Al AL 1095 4€97H4] 7HsE

= Ao% eyt

o2 HEO X AU
KWh KWh
90,000 500,000
80,000 2 1 450,000
70,000 f si” e AN §
. 1 400,000
60,000 | /| L ..
»
50.000 | s 1 | | 1 350,000
P A Y
40,000 FH F =[=[" 4 300,000
30,000
1 250,000
20,000
10,000 | 4 200,000
0 150,000
12 22 3”8 42 53 6= 72 82 92 10” 11E 128
— sl
—— S AE A Y AAE - - - - BT S AlAE

38 ey

<H 4.18> Ho-3 (HF2% 8T M D e AJAEO LA 2SS

12 385,585 302,209 83,376 21.62
= 376,738 303,819 72,919 21.44
3 414,521 342,397 72,124 17.40
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<H 4.18> 4e-3 (¥ =2% 8CY

M 2A1d=Het

A AE2

U X &S A=)

48 427,160 367,041 60,119 14.07
58 456,995 453,587 3,408 0.75
62 473,983 473,983 - -
74 483,471 483,471 - -
8 487,016 487,016 - -
9% 465,830 462,232 3,598 0.77
108 441,724 399,059 42,665 9.66
1 421,815 360,569 61,246 14.52
128 402,884 317,872 85,012 | 21.10
g 7 5,237,722 4,753,255 484,467 | 9.25
= 2tes Y JHeolH Xl Ad & AHl 2
kWh KWh
90,000 500,000
80,000 ~ . ™ 1 450,000
70,000 p ' o
. * . ™ 1 400,000
60,000 e m
50,000 et s || 1 380,000
’ N
40,000 E - -7 1 300,000
30,000
1 250,000
20,000
10,000 1 200,000
0 im L 150,000
19 28 32 4% 52 6¥¢ 72 82 92 102 112 12%
CCam2e
S AHEA YUY AAE - - - - BRAQD YA AIAE
(O 4.21) -3 (EE2E 8CY M ADIHEHHE AJIALS UK E2S1)
dAEe] Y Al A" npE 9 Yoy A AuEE AMES A, S5
+EBA W A ARl G Qo= A7k 5237,722kWhe] WHroly A7t An)E Q)
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o, FFA+e7|Yalt A AR A fofl= AZF 4,753,255kWhe] Rkl
A7F a2nlEAT g Ed AER U|Wedy AARoRE Qe <Azt
484,467kWh (8.29%) 2] WelA|7} Heks= R ow yeston, o 7|Yd4y
b A AENS] AR T 7= H) 21.62% 74 WA 7 AokE= A o7 e
ok sk, A E A8d QWi AAES 99RE 59744 THsE =
A0 =7 ey

BEAE AgE G WEPY A2 APLen] hE F5A+ENA
WAIZES FRA Y A 9 g AR AES 2
3% ol gate] thaEe BALE 5TE NFEor ARerd BE 27y
WoA2Ee] uX AeREntE BASATE B B<4109 (19 4.22)9 I
AP A2 L] hE ux AekEE vhehd
<H 419> 2D|Wdgr A|AES AF2C0 [HE UK 2ASD

JlE=Qt - 5T 5,237,722 4,866,022 371,700 7.10

CHet-1- 67C 5,237,722 4,840,657 397,065 7.58
CHot-2- 7T 5,237,722 4,803,557 434,165 8.29
CHet-3- 8T 5,237,722 4,753,255 484,467 9.25
NG A2t AU X AHE

kWh

5,500,000

5,400,000 |

5,300,000 |

5,200,000 [

5,100,000 |

5,000,000 |

4,900,000 |

4,800,000 |

4,700,000

4,600,000 |

4,500,000




7P EY AR dYre] mE ouyx] Hekads A Ay, A4
257 6CY W 6.82%, 7CY W= 16.81%, 8T w= 30.34%2] o= A
kg vt FrkshE Ao® UEbsth webA, i ES AN 717
oAl AAn| 7t 7] wWEel 2718 F72% 8TAAE
7bed v Zox iy, Ui ay AlAEe] AojdaE|Fel oA
9719 F=%7F 8CY W Q7|E5Ey Alaglo] ¢
v %S 3oE duE,

433 2uaI|e OEZZX 20 OE A0Id-HY ALY UK EAS

o

=J

ddzels QudrE ol e AR AVIEFIY A Ado] HEHa glon,
u|2e @2 oZRAES 45 F e 4F udrE AREska Sl
S o ZEAZEE YUIEFEY AR AFSTIE STV EE dudT] 9
oz g A2k mE oA Hefa s AlEHolAS Fall A8

(1) AlEeoldel Hea

PR 488 dudrle ofTRALEE 4Tl YA A4 4H o
2H % & o] 83ko] 4THE 1CAA a7 7 917195

oA Aetades BAsteT. Eat, bAoA SlE o7 uF
Sof W A BeFanE o fite] WSS BTLES A
LR WAF 9/UFYE ALY UA FetadE F714

o]

BRI o2l d ABUCIAY PEAL THECE 42059 (19 4.23)
o)
PA

o]

=
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(219191 -S4 Heat Exchanger.

(21218 5- &) Heat Exchanger

Parameter Input | Qutput | Derlvative | Special Cards | External Files | Comment Parameter Input | Qutput | Derivative | Special Cards | External Files | Comment |
o | [T [ g[fotide iniet temperafure i3 C e | [T [ Mot =ide iiel temperature 0 T T
| Hot side flow rate ZAT200 Rarhr R 7 [ | Hot side flow rats Z4TZ00 T T
| Cold side inlet femperature 5 € Mare... 3 | g old side inlet 6 T T
| Co s fiow rate F06700 Rarhr Mors.. (B SR 305700 [E T—
Owerall heat fransfer coefficient of (75 kJ7Rr K 5 Overall heat transfer coefficient of 75 kJ/RrK
&) cxchanger o &) cxchanger s

(212144 4=49) Heat Exchanger

Parameter Input | Output | Derivative | Special Cards | External Files | Comment |

) Heat Exchanger

Input | Output | Derivative | Special Cards | External Files | Comment|

| [T [[Fotside et emperatore 7 T Mo & | [T T eg]Fiot side et emperature i 3 o
Z [ | ot side fiow ra 237200 Fa7hT Viarar 7 [ | Fot side fiow rate ZATZ00 (= Tmee
el 7 T More, 3 [ | Cold side inlef temperature B e Wore
¥ [ | Cold side fiow rate 308700 Tg/hir Mar 4 | gp|oid side flow rate 308700 kg/hr b
5 [ | Qversil neat wransfer costhicient ot 75 BT = 5 [ | Cverall neat wranster cosfiicientof 75 RIFRT R =

exchanger ol exehanger

(08 4.23) SwsD|e HEZ=ZX 250 T2

AEdl0l&82

<H 420> 2|2 HE=zX 20 OE AlSdolde gExA

YT (Y4S SP2E 97C)

4C

5C/10C

14C/9C

5T

4C/5C =1

.25

3T

6C/117C

14C/9C

5C

3C/5C = 1.667

(1.33HH)

7c/127c

14C/9TC

5T

2T/5C =25

(26H)

1C

8T/13C

14C/9C

5C

1C/5C =5

(4HH)

4c

6C/11C

15C/10C

5T

4C/5C =1

.25

3T

7c/2c

15C/10°C

5C

3C/5C = 1.667

(1.330H)

2C

8C/13T

15C/10C

5T

2T/5C =25

(26H)

1C

9tC/14C

15C/10C

5C

1C/5C =5

(4tH)

4C

7c/12c

16C/11°C

5C

4C/5C =1

.25

3C

8C/13T

16C/117C

5C

3C/5C = 1.667

(1.338H)

2C

9tC/14C

16C/11°C

5C

2T/5C =25

(2HH)

1C

10C/15T

16C/117C

5C

1C/5C =5

(4HH)

4C

8C/13C

17¢C/12%C

5C

4C/5C =1

.25

3C

9C/14C

17¢Cc/12¢C

5T

3C/5C = 1.667

(1.33HH)

2C

10C/15C

17¢C/12%C

5C

2T/5C =25

(26H)

11¢C/16T

17¢Cc/12¢C

5T

1C/5C =5

(4bH)
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(2) 715 2R i debE

gdAdEe] A8 7Yy AlARe] dudtr)e] WaES ETeEe du
3719 oz A2 mE =S € Wil vA] s AFEste] 2]7]
Wl Al aEle] oA dergatEs FA5H T

U2 <F 4.21~4.22>3 (19 4.24~4.25)°] duwg7|o J5= 725 9T
S 7FoE dudr)e oz A2 wE g WA An g g7|da
W AIAES YA dokadtE YERT

13 | 385,585 | 302,209 | 83,376 | 302,209 | 83,376 | 302,209 | 83,376 | 302,209 | 83,376
23 | 376,738 | 307,804 | 68,934 | 307,675 | 69,063 | 307,033 | 69,705 | 303,819 | 72,919
3& | 414,521 | 347,717 | 66,804 | 346,526 | 67,995 | 344,064 | 70,457 | 342,397 | 72,124
43 | 427,160 | 406,194 | 20,966 | 402,168 | 24,992 | 383,146 | 44,014 | 367,041 | 60,119

58 | 456,995 | 456,995 - 456,995 - 456,995 - 453,587 | 3,408
63 | 473,983 | 473,983 - 473,983 - 473,983 - 473,983 -
78 | 483,471 | 483,471 - 483,471 - 483,471 - 483,471 -
83 | 487,016 | 487,016 - 487,016 - 487,016 - 487,016 -
93 | 465,830 | 465,830 - 465,830 - 465,830 - 462,232 | 3,598

103 | 441,724 | 427,502 | 14,222 | 420,542 | 21,182 | 411,465 | 30,259 | 399,059 | 42,665
113 | 421,815 | 379,188 | 42,627 | 374,489 | 47,326 | 369,533 | 52,282 | 360,569 | 61,246
123 | 402,884 | 328,113 | 73,771 | 319,753 | 83,131 | 318,812 | 84,072 | 317,872 | 85,012
& H | 5,237,722 (4,866,022 (371,700 4,840,657 {397,065 | 4,803,557 |434,165| 4,753,255 |484,467
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o2t dgolHx LU

KWh

500,000

450,000

400,000

350,000

300,000

250,000

(08 4.24) Z2X 250 GE € HL0UX A (E+5 725 9C)

| A48 dudr|o Y5S 7257 9CY ol dudr|e] oz
of wpE €W WU X] Av|ES AFES dY), oZEXE7F 4TY o
,8666,022kWh, 3CQ w <17k 4.840,657kWh, 2C¥ W <Az
57kWh, 1CY ) 9%+ 4,753,255kWhe] Wyl gx]7} 4H] ¥ 3T},

re
R
SN
2

4,803,

<E 422> QJ|H-HEr AJARIO QUK EAE (Y-S 57225 9T)

F.C.S HIJISAI 5,237,722 - -
J=¢et 1-4 4,866,022 371,700 7.10
tHer 1-3 4,840,657 397,065 7.58
CHot 1-2 4,803,557 434,165 8.29
CHOH 1-1 4,753,255 484,467 9.25
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A2 0K A~H
KWh
5,500,000

5,400,000

5,300,000
5,200,000
5,100,000
5,000,000
4,900,000
4,800,000
4,700,000
4,600,000
4,500,000

CHOt #1-3 CHOt #1-2 CH e 411

BF.C.SHIJISAI OF.C.S JtSAl

(02 4.25) 2D|HH8E A|ARO QX HASH (U= 2725 97T)

gddze] 288 dudr)e WS 7257 9Cd o, duwshr]e oz
2 Ee wE Q7YY AAEe] ouR] AAHE AMES A, o ZRAR
T7F 4T 71Eeky wlwge w 3TE A 25,365kWh, 2CE <zt
62,465kWh, 1T d7F 112,767kWhe] o|lUA7} d7kw o] vl 4oz Z7ta)
v Ao Uewt. mebA, o ZEALETF AT E T Wayy A A

A WeFEIE S RO UEon, AnEe o ZeA Lne] i
AAN Bhe Fel AHewel d4ol AasA .

U <E 4.23~4.24>9F (19 4.26~4.27)] 4
)

0CE 7|50z dugr)e ojxaxero s g
W A AE] oA dekg s JERY
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<H 423> OZ2ZX 250 GE € HLUX AHg (85 725 10C)

138 | 385,585 | 302,209 | 83,376 | 302,209 | 83,376 | 302,209 | 83,376 | 302,209 | 83,376

23 | 376,738 | 307,675 | 69,063 | 307,033 | 69,705 | 303,819 | 72,919 | 302,480 | 74,258

33 | 414,521 | 346,526 | 67,995 | 344,064 | 70,457 | 342,397 | 72,124 | 341,609 | 72,912

43 | 427,160 | 402,168 | 24,992 | 383,146 | 44,014 | 367,041 | 60,119 | 359,813 | 67,347

53 | 456,995 | 456,995 - 456,995 - 453,587 | 3,408 | 439,985 | 17,010
63 | 473,983 | 473,983 - 473,983 - 473,983 - 473,983 -
73 | 483,471 | 483,471 - 483,471 - 483,471 - 483,471 -
8& | 487,016 | 487,016 - 487,016 - 487,016 - 487,016 -
9& | 465,830 | 465,830 - 465,830 - 462,232 | 3,598 | 452,480 | 13,350

103 | 441,724 | 420,542 | 21,182 | 411,465 | 30,259 | 399,059 | 42,665 | 386,824 | 54,900

113 | 421,815 | 374,489 | 47,326 | 369,533 | 52,282 | 360,569 | 61,246 | 355,796 | 66,019

)
[hlY

402,884 | 319,753 | 83,131 | 318,812 | 84,072 | 317,872 | 85,012 | 316,889 | 85,995

o
X

5,237,722 (4,840,657 |397,065| 4,803,557 |434,165| 4,753,255 |484,467|4,702,555|535,167

gddEe] 88 dudr)e] WrS 27257 10CY o, dudhr|o o=

EAEe wE € Yoy A anlgS AFES d¥, oEZEXETF 4TY
AzZF 4,840,657kWh, 3CTY o AzF 4,803,557kWh, 2TCTY o Azt

,753,255kWh, 1CY w <13t 4,702,555kWhe] Wyateyx]7} Z2n] ¥,

o
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o2E HAO X AHIZ

KWh
500,000

450,000

400,000

350,000

300,000

250,000
12 2g 33 43 5 6 78 8 S| 108 1a 122

<H 4.25> D|ddgr AJAES UK 2LE) (=5 725 10C)

F.C.S HIJIS A 5,237,722 - -
Jl=¢et 2-4 4,840,657 397,065 7.58
CHet 2-38 4,803,557 434,165 8.29
CHet 2-2 4,753,255 484,467 9.25
tHer 2-1 4,702,555 535,167 10.22

87,402kWh, 1 C+ &7F 138,102kWhe] o= 7} 27
L Aoz eyt weld, ol Z2 X5} 7HASEE 97| Wk A
AN A Aekanrt F7bske 2o R UEbg
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5,500,000
5,400,000 |
5,300,000 |
5,200,000 |
5,100,000 |
5,000,000 |
4,900,000 |
4,800,000 |
4,700,000 |
4,600,000 |
4,500,000

KWh

A2 HBUU X AHl g

CHet #2-3

CHet #2-2

BF.C.SHIJISAl OF.C.S JtsSAl

U2 <3 4.25~4.26>3 (I19H 4.28~4.29)°] 43
1TE 782 dudy]9 T2 X% g 9

(08 4.27 201 AIAS OUX 2SS0 (U

Wy A" olyA] dokastE el

e

A
e

I
W
1
rio
H
o
Sl

<H 425> OEZ2X 2=0 & 8 HWEHUX 2H (W5 27225 110)

138 | 385,585 | 302,209 | 83,376 | 302,209 | 83,376 | 302,209 | 83,376 | 302,209 | 83,376
23 | 376,738 | 307,033 | 69,705 | 303,819 | 72,919 | 302,480 | 74,258 | 301,802 | 74,936
33 | 414,521 | 344,064 | 70,457 | 342,397 | 72,124 | 341,609 | 72,912 | 341,609 | 72,912
43 | 427,160 | 383,146 | 44,014 | 367,041 | 60,119 | 359,813 | 67,347 | 350,504 | 76,656
53 | 456,995 | 456,995 - 453,587 | 3,408 | 439,985 | 17,010 | 428,645 | 28,350
63 | 473,983 | 473,983 - 473,983 - 473,983 - 473,983 -
78 | 483,471 | 483,471 - 483,471 - 483,471 - 483,471 -
83 | 487,016 | 487,016 - 487,016 - 487,016 - 487,016 -
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<H 425> O{Z2ZX 250 GE 2% HLuUX A (5 S725 11C0OI%))

93 | 465,830 | 465,830 - 462,232 | 3,598 | 452,480 | 13,350 | 437,350 | 28,480

103 | 441,724 | 411,465 | 30,259 | 399,059 | 42,665 | 386,824 | 54,900 | 364,324 | 77,400

112 421,815 | 369,533 | 52,282 | 360,569 | 61,246 | 355,796 | 66,019 | 352,907 | 68,908

1238 | 402,884 | 318,812 | 84,072 | 317,872 | 85,012 | 316,889 | 85,995 | 315,836 | 87,048

]
=

5,237,722 (4,803,557 |434,165| 4,753,255 |484,467| 4,702,555 |535,167 | 4,639,656 | 598,066

S2h Sl X Al g

Age A48 Qur)e ¥5F 7257 11CY o, duwghr]e] o=

o wpE 9l Wloux] u|HE AES A, oTIXRL cod
A7 4,803,557kWh, 3T wl 17+ 4,753,255kWh, 2C4Y

,702,555kWh, 1CY o &7t 4,639,656kWhe] WHtel | =7} Z2n] %t}
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<H 4.26> 2J|H-HE AJARO UK ZEASD (H

I
M
4
Mo
H
5

F.C.S HIJISA 5,237,722 - -

Jl=2¢et 3-4 4,803,557 434,165 8.29

CHor 3-3 4,753,255 484,467 9.25

CHer 3-2 4,702,555 535,167 10.22

CHeH 3-1 4,639,656 598,066 11.44

A2t LUK A8
KWh
5,500,000
5,400,000
5,300,000
5,200,000
5,100,000
5,000,000
4,900,000
4,800,000
4,700,000
4,600,000
4,500,000
CHOt #3-3 CHer #3-2 CHet #3-1
BF.C.S HIJISAI OF.C.S JtSAl

(O™ 4.29) 2D|-HEr AJAEIO HUX BASD (WS 5725 11T)

AN
101,002kWh, 1CE= €7F 163,901kWhe] oy =]7} A7kwo] nlgzow =
= Ao® YelEth wetA, I X5 AASEE 97|l Al AE 9
oy x] Aekg iyt Sk Ao ®E YERS T
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S K3 4.27~4.28>8 (19 4.30~4.31D) 0 dudr) Y5 E7L% 1
2CE 7o 2 dudr|e oz ere meE ¢ Wby vz 97
Wk A AEo] o x| dokg s R

<H 427> 2z

PIE==

SOl & g dguUX AHE (4

128 | 385,585 | 302,209 | 83,376 | 302,209 | 83,376 | 302,209 | 83,376 | 302,209 | 83,376
28 | 376,738 | 303,819 | 72,919 | 302,480 | 74,258 | 301,802 | 74,936 | 301,802 | 74,936
38 | 414,521 | 342,397 | 72,124 | 341,609 | 72,912 | 341,609 | 72,912 | 341,609 | 72,912
48l | 427,160 | 367,041 | 60,119 | 359,813 | 67,347 | 350,504 | 76,656 | 348,980 | 78,180
58 | 456,995 | 453,587 | 3,408 | 439,985 | 17,010 | 428,645 | 28,350 | 416,549 | 40,446
68 | 473,983 | 473,983 - 473,983 - 473,983 - 473,983 -
7& | 483,471 | 483,471 - 483,471 - 483,471 - 483,471 -
8& | 487,016 | 487,016 - 487,016 - 487,016 - 487,016 -
9& | 465,830 | 462,232 | 3,598 | 452,480 | 13,350 | 437,350 | 28,480 | 430,230 | 35,600
102 | 441,724 | 399,059 | 42,665 | 386,824 | 54,900 | 364,324 | 77,400 | 352,324 | 89,400
11&| 421,815 | 360,569 | 61,246 | 355,796 | 66,019 | 352,907 | 68,908 | 351,195 | 70,620
12&| 402,884 | 317,872 | 85,012 | 316,889 | 85,995 | 315,836 | 87,048 | 315,836 | 87,048
&t Hl | 5,287,722 4,753,255 |484,467| 4,701,555 | 535,167 | 4,639,656 | 598,066 | 4,605,204 |632,518
KW 12t WO X AHIE

500,000

450,000 F

400,000 F

350,000 F

300,000 F

250,000

12 oz 32 e 53 62 72 82 92 2 1E 1w
[— - - IS Al — - —DI=0 #4-4 —&—0f0t #-8- - - - 42 -2 tet 41
(08 4.30) HEZZX 250 02 2 YLHUX A0 (= 2225 127)
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28 Yoy A] pn|HS A= Ay oJTZ2 X257t 4TY
A7 4,753,255kWh, 3T wf A7 4,702,555kWh, 2CY o A7t
,639,656kWh, 1T = AA7F 4,605,204kWhe] W@Htel 2] 7 AH] 5 Qi)

<H 4.28> D|WHE AIARO] UK EASD (H

bl =}

I
]

2E 127T)

F.C.S BIJISA 5,237,722 - -
JI2¢et 4-4 4,753,255 484,467 9.25
CHot 4-3 4,702,555 535,167 10.22
CHoet 4-2 4,639,656 598,066 11.44
CH ot 4-1 4,605,204 632,518 12.08

Azt HHUHUHX 281
KWh
5,500,000

5,400,000
5,300,000
5,200,000
5,100,000
5,000,000
4,900,000
4,800,000
4,700,000
4,600,000
4,500,000

CHOt #4-3 CHOt #4-2 CH Ot #4-1

BF.C.S HIJISAI OF.C.S JtsAl

(08 4.31) )| AL UK 2AESD (5 S725 12C)
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4Tl 7]k}
,599kWh, 1T+ 9A7F 148,051kWhe] oU=x]7} A7t
AOZ UERRTE o] B9 ok o] ZEAL LT AT H
o o= Aotatr} F7ket= Efgkon, o FeoA dugr)e of
ALo ME AAA B7rE Fd H4 9 A 7g sk a; gl

w

1 of wlaA 0% Ftat

N

]

1o

[ o rr = oo R

!

3

A, 97195 AagY AR, Auds)e oL
Agske] Med U Aotane gudow 245

A s A48 975U A 10958 49714 A5 E0 W o
UA 7L dokd 1 Qlglom, 1295E 39714 & oA AetEnE ol A
o et 58] 99w 9719 TR 4% e 196 97U
o] oA detawst 7 2 Zow vt

(1) Aol W g7]dsdn AAs oux ok
ddEe) AR 100%% 71Fo 7 Al 20L& 10%4 50%7H4 A3}
FaA AT 9l aa AR oldx detad W AAN B AA#
3, o] e AgolA olux AokEdl A7 thebdel me X4
yRuelo] BAHE & Aeas Zo] wgrda,

ro oy, Y

>

(2) 71t Al A~Ele] Ao uE oyx] Heka )

Y EY Al A0 Ao wE HAALEE 9719 HF72% 5TolY o
JMEEE Zlog AlaEe] AA o), 3, 97|yl A AES] o)A 11
Z-dl o] AgE AME B8 9719 77 8THIYMA R Q7| Yt
ANAES 7HES = Qe o2 FAE oW, AL dAF2AE Tl AA
o7 979 FF2E 8TH| MM ThsHE AS AT wetA], 278
Wik Al AEle] AA =S TR 8T7HA F7HAA AlEdo)de AA s A3 9
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7Yy Al aEe] AT 8T o AZF 9.25%2] oy A| 7t HokEw, o]
= 7]Eqt v 30.34% 74 S7EE S e, 5E 9l s AN Ty Al
28] ARRo] The o ovA dekadtE Huistelr] flal g Al
g o] AojdagFol 9% AsAoE Tl 27]e] F72% 8T Wl V| YFy
WA AE] EFdET oA defadte w8 AoR ddHn

(3) AuBr)e o LeA Lo e 9715 A2 ol Boka

9715 A2aEe uX Aekavtel L vAE Aur) Y oL
LEZ AN 4CE 1T B ABdolAS Arlstel 97195 AT
o oA Aetant: BAE A3, AnAY Y o LeALE} FL4E 974
S Ao AF uX Hekansh Szl duHre o TEH L wrt

2
e Z1s g8t o] el ARl o g Q3 x| Hekg )l &
Ao w Pkt
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BAY BHS o) ANE AA ARAA D A FL 2 4E Telste]
Geb wlow @4 BEANES YEaka Ak 3, olAE, &, UEAS
% Fol zlelth olejd RHAYS Axd Folv] A dolH £7, 4
ERA7Y BE Fatel nesta e
51.3 ZH4 24 JlY

AAY B4 ek A A welEs FEol nrk FAH AF] A 7}
g AW g AR BAo] Basteh. oledd FAN Aol
oe] 7447k gon] AulEel SwelA i 2/ FAN S B el 858 5 9l

o

7h7F 9% S 88 e
= gol= mo]F B|LEX(LCC : Life Cycle Cost Analysis), o©
(B—C, Net Benefit Analysis)5©°] Ut} o]gst HAAAH EAUHE AEF9 ¢
ol ol A wet vhEA HEE 7} Bl Wi 54 F53] o] 85t

g ABS PAS AgeE o] Fadt

1) F&3]47]7+4 (DPB : Discount Payback Analysis)

27172 9] A& 3l4E FRACE st FAMHOE A& AT

of WAsk= ofel 74A Al Bl&oly o]oe tigt w7t F-=58t S-S THA

ot ey Bl ok wheetal oldlshr]vE 9 YREARl wheen "’m‘ﬁﬂgi
Agoth= oty FE 7| A A AR AIAES] vl e oA

k7171 Al2~El A Al EF ALY BlwE W) £3] o] §-ah= 7]‘?3013}

R off

S}

1r

woan ¥ S

2) gFo]xZ Mol F v]LEA (LCC : Life Cycle Cost Analysis)

A= s hdel lolA LCCH As/idS fIst 57154319} oA ek
HlE, A E A A, AR wAu g, Z4F dnle 1 o] $-9 A=)
A7MA S B AR vE-ae] dAlolth ek HA s e PJ dee T
71A 7w LCCE 2he Ade7iadol By AdxAelztar & & Sl LCCE
A Ane] FR 7|t Eqtell BAsE Be AAA vES g HER dE
o] Aol F7] Fell AEH= AAHI S 3 dA A FABHH G0l F
L3 HFE A Ak Ao A EHA AF ARgete BAHoR o
3l AAEL AAHA o] G, oAUA] Aokl AlAE A8 5 27|FAR Y T

= VA E 4F AA"Y AR FE e o &3] A&ste BNl
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3) «=0]9 4 (Net Benefit Analysis)
FsMAde T3l Folx 71tel] 85 5 = o199 FH (Benefit) % A 57
Q ot sl = dojA= o]
A 9 1n], RS v]g-o] Azl
olm e}, o]t Hl g S FHH 0T AT o7 HeIlAd avE Bk
|

b mlo = r_é

5824 (SIR : Saving—to—Investment Ratio Analysis)

AR 713kel Dol AA A ol 5 ()& Ae/Mds Hst £
A 1R F ghs 7EAoF sl a9t siA @
AAEE F7bel] 91k W olet | Bk oY Tt
A E 19 W A gk EAHo T

A
2] 2 7

2
ox
fo, I+

X] Al 2~Hls %‘5’_ i

5) WHEESFEEA (IRR : Internal Rate Return Analysis)

TR BAA EAE A FEF Ao Foly FaE 2A s olAkE

dat Fape] gt o)A S vl d w de] AFgETh ek A5 Y

EA7NE F]tell AAA o] 58] Fo] Asilde 21 T ef ZolA= o)At

= @b ojn At IRRe] AEF7F U = Sle 271FA o] g H A
oA (RTFE)HY =& W I Ak AAAolda &

o3

2

o rlr o

lo

-5 Anle AA|, Algd #as 27152 (IC. intial cost) 9}
18k A2 ¥] (RC. running cost) & Y St} IC9 RC+=

S AR W WS Fes Algo T A7 WA BAS A1
ATH FHIY AAES A2 o 7] Agalel vle IC ¢ RC7F BF HAaR e
AAZE ukgA st olef gk A 7Bg AAARL AAE 8] flsiA LCC W
olgatAl vt 12yt o]# g LCC AAF LCCE 3] Axtate] HA e
HIE AbEshs | I HA0] 3= o] ofyE LCCE dhvtel H4shs 7ss
Aakr] Sk HA A A ekl g Fdor Aol & 5 QU
AAR AlA" AEE 98 FHoR vty Aol et

o —W o, ﬂllO

D AA Bxe Wiy - Fetaa ske H4& B8] stolof gt o]
dulE v A Fx &
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Y vlgse] 2ee JEs A9 Abgel olWd Ao HAE 5 QEAE HE
gk whebd] ofatel ols) 79 BEA7E hAl FE W (feed back) WO 54 %
G oolth olel @ Ml AES AL AT g W A BE £ B

bl olel @t At 71E A% AFS FAA

Apale] diet AR EHo] Fe
T fe)

d|
w7 god Ang 72 5 ok

4) frAHEH] — RCEAR A3 Alrto] wj-g- o]t o= FAAH|7}F &
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= AN Bl wheh ol Ao ATAAE vAl kow melste] ARG A
9 AP He o)) Jlek 3E QAR W gEe] 2RE 29 2 B S
2 meste] of= Ao HEAT Folskel AW Hrk

1) 27152 Hast AA

AvA aEls A o Ha, FHAY AlA'lE A sk Zlo] oidel I Vs =
EEHEA HES HiR 6}—& AAREE wer olgd dAMEow
FCNA (function cost needs analysis) ZAA# 7S W53t HF YoA RCE
=oAL ICe SAXE AAste] AAsks WA er 4 Ves & Y AlEst
o]l 7+ 7159 A V)5S wEdE Q= WYoA] = o AH3 XC}H]L]— Zrpe 3t
olf&= FHAHolt}, o]E Q&A= F(function) & N(needs) 2

O

L
F10 e
X
~
EL
-~
kﬂ
g

=, F= Ad| o] FA7F 5= Ay ARjAAg e 7]s0] ¥ N d%o] 8- g
© 27A& FFA717] fgk AC R Fefl Ulgt e xdoly Fa4dS veEbdt w
2Zkx Fi= An e F=A2A 71414 (mechanical) 91 SWolglal & 4= 9l N2 7
E0] Q3= 3442l (environmental) FHo] 73alt). upeba N Qo 23|
F& oA, A, Bebe] o AlS sk Fdoleta & 5 vk AA 34
2 (19 5.2)¢8 2t

1EHA| AAES Jls HF(F H)
1

28 AAES @3E2A SF(N Ha)
1

3| ANAEO JIS(Fol 27 ERH(N) 2
!

4 AAEe 27 ZAN)S J1Yn ArdZE

2) FA#EH] FHAsE A
ICE %ol# ¥3 #AAHHE HA3F(MP. maintenance minimum) 3] 73 A
e ol LCCAA Y|t olF fallx= ZF A AlA"le] mE RCHA

A
DB(data base) 7} # sl of7]oll= Au| 9 ouA] doks 93 o= 7h+] W<t
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=g EEepe NEDI L 2H &
HEYWSD 410 USRTx2CH 239,600,000 - 239,600,000
D2 UtE 500 RTx2CH 53,600,000 - 53,600,000
I 4,1350pmx40m
[o]] O|LHAH IT —
Ny Ol 2Ol & I I o 30,963,000 30,963,000
Bt _ | 5,1702pmx31
o | QEedsmn X45k‘\3/\r/”x3EHm 23,556,000 - 23,556,000
< _ JIHEZ,
N e @) i - 6,434,592| 6,434,592
)\ S T
&y HY 2t 2 A 27,960,810| 28,901,609 56,862,419
XHE M 01 2 A - - - -
I Z A - - - -
H 375.679.810| 35,336,201| 411,016,011

FH

55> QI|HLEHBAIAE =I|EXIH| : approach 2% 4C~1CY

Y 3 Y =8l L 24| A
HEYSII 410 USRTx 204 239,600,000 - 239,600,000
HUSEHAE 500 RTx2CH 93,600,000 - 93,600,000
410USRTx2CH(4C) 30,600,000 - 30,600,000
_ 410USRTx20H(3C) 35,700,000 - 35,700,000
E=ImE= )
410USRTx20H(27C) 44,200,000 - 44,200,000
410USRTx2CH(1C) 57,800,000 - 57,800,000
I 4,1354pm>x40m

S oletolaE T ,963, - ,963,

b ct =  37KW x 3CH 30,963,000 30,963,000
I 5,170£pmx31m
H OI}OIW AT T _
o oletoled 2t = X 45KW x 3CH 23,556,000 23,556,000
Vs iy o e

/J\J C2HI(EHIER) jg'g;';" - 6,942,720 6,942,720
&l HH 2t S A 55,432,603 46,005,409 101,438,012
KSR 3 A 1 4 7,000,000 3,000,000 10,000,000
I BAH1A]) NSHEERS 1,000,000 1,000,000 2,000,000
approach 4T 481,751,603 56,948,129 538,699732
2 approach 3T 481,851,603 56,948,129 543,799,732
approach 2C 495,351,603 56,948,129 552,299,732
approach 1C 508,951,603 56,948,129 566,957,012
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Wikl q A (k) A HEYE57]15 AFEst7] wlEol A7IAHS=E W) & A3t
o] w 67]*]'%%}‘3 o %] 2} COP (Coefficient Of Performance) 2} &7 3t
HAZE vk dughr] o] Al ZAS AT EEAI AR S TR A A
Sk H]go] B Eﬂ]OHO]E st Al #E RIS ASH YTy AAYE THE

A8 4 (running cost)> A4 =
A7]el &l FeEE 4F2A H
w71 F714<1 Al (coil
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 AZFEE (W/y) X AEA7H-E/KWh) = @R (Q/y) — (2 5-3)

542 aAES BNE =4

el Agd e g A
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el 1094 3¢ sidE =z olgdt AtdS u#ste] HYEHF QFU|ES
1kWhg 68907 HAstlct.

<HE 58> QJ|dauwy AIAHO M0 2 ZFHMA B (HZR2X 2% 4CIIE)
o7t M| AURI | o2 FAY | FISHIE CESSIEL
[kWh/y [21/KWh] [2/y] [2/y] [y]
371,700 68 25,275,600 | 166,139,693 6.6

AN YF I A A0 A Lo iE AZF A7ANL 252756009 0F AFEE Q)
o, QY AJAEI] Z2V)EAH]E 166,139,693l thdt 357 7HS
6.6\ 07 byl

2) Aol w2 Ut AAFe] A A

WFAES oz AEYo|AS 5 o223 2% 4TE 7|Fo2 A
AZXAE 10%4 509744 ZF2aAA AER Az olux] AAHS A89% o3 7)
FOo7 A AARAE AEET AEE Az Ao gt 27| FAEES 1
#8t 23577+ etetedth. thE <3E 5.9>3 (29 5.8) 0 Ao uE
7| A AEe AAA EAE JeERfgith
<H 59> AL (12 I|WUiUY A|ARO AHA 24

5 = Mo c I} 2o ZIEXHIE | 32002

= [kwh/y] | [&/kwh] [2/y] [2/y] (y)
Jl=ok 100% | 371,700 68 25,275,600 | 166,139,693 6.6
Hot 1-90% | 310,449 68 21,110,532 | 166,139,693 7.9
HoH 2-80% | 254,708 68 17,320,144 | 166,139,693 9.6
CHOH 3-70% | 204,479 68 13,904,572 | 166,139,693 11.9
Hot 4-60% | 159,761 68 10,863,748 | 166,139,693 15.3
CHot 5-50% | 120,554 68 8.197.672 | 166,139,693 20.3
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A0 TE DY AIASS FRHA B}
Hg[’] (=]
200,000,000 25
175,000,000
150,000,000 | 120
125,000,000 f 115
100,000,000 |
75,000,000 F 110
50,000,000 I
25,000,000
0 0
=0t THOH#1-  CHOH#2-  CHOH #3—  CHOH #4-  CHOH #5-
100% 90% 80% 70% 60% 50%
| | S TS ] E 2O e 3 4] 2
(0% 5.8) AlLHEEN 2 J|H:WY A|AHS HAHY 24
Ao wg g MT%m A AEE] AAAY BAS A Ay, Aupdd
of w2 4877 100%Y W 6.6, 90%Y W= 7.99, 80%Y W= 9.6,
70%%Q Wi 11.99, 60%%Y Wi 15.39, 50%Y i 20.3d°2 AFg7]1to]
=0l o, *“41‘[’ A 1“% ] 50%Y W= 100%<F vlw s wf 4942 zo] 7k v
Eivps Aoz FrhE vk Ak Aduje] o] oF 15d~20dolH, 7] FAH]| &
= 1HE o 60%clstE Augdo]l A&d w= 9o HE i & A
SHolA Hu AFg Addo] o] Fojxof & Aolr}
3) 7T AA"E A Foke] wE AAE A
s ddes AFdods 3l A7 Idrdy AA"Y 44 S92 %
£ 1CH 8T7HA S7HA AbEd Azt oyA AaEdE AYd 9w Ve
AT AZFAES AEetdith Al E AxF A3k tigt 27| FA &S e E 3
T713k= vetskalth
<E 51003 (19 5.9 A7 grdd Alage] A4 Skl mE
= YEr Sl
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<H 510> QI|UaUsr A|ARS SR 2 HHY 24
e =Eli, =g) 2o EDIE IR al%=12t
(s725) [kWh/y] | [2/kwWh] [2/y] [2/y] (y)
Jlget 5T 371,700 68 25,275,600 166,139,693 6.6
et 1- 6T 397,065 68 27,000,420 166,139,693 6.2
et 2—- 7¢C 434,165 68 29,523,220 166,139,693 5.6
et 3- 8T 484,467 68 32,943,756 166,139,693 5.0
I|ULHY ANNAHS A2 OE ZHAE HOt
Hi=[d] [H]
200,000,000 8
180,000,000 F
160,000,000 ;
140,000,000
120,000,000
100,000,000 4 6
80,000,000
60,000,000 5
40,000,000
20,000,000
0 4
Jlget-5T Hot #1-6T HOF #2-7T CHor #3-8T
‘_ED\ERHI% | — =L R R
(0% 5.9) QI|UAUEE A|ARS ST 2 MY 24
Q7Y A|AES HAT mE AAE B4 AASE Ay, Y E
7F 71841 A% 5CWBY W 6.6, 6CWBY wfE= 6.2, 7CWBY of
= 564, 8CWBY w= 5.0d0% 347)7t0] d=5H+= Zioi 27159} o}
A, A ES F4% HH 7171 o] 7] W] Q7]HF 7% 8TAAE ¢

R AR R S Sl Ao aEs, 97 A Age A
ofermel ] Qe 971G FRE 8T W A7) YF Axgo] HEAT

A ey Alaglo R dojx= FAAQ Al F ZoR AR EH

>

4) dugr|e] ojzrA ko wE Ve AAFe] A 4
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Recently, As the buildings are bigger, highly insulated and
air—tightened, internal heat are increased. Also, building type that

generate four—season cooling load are increased.

In the building where four season cooling lads exist, the HVAC
systems are developed to economizes a cooling energy in the
intermediate season and winter seasons, among them which in that
uses a low ambient air temperature is developed and it is introduced
to building. Among these HVAC systems, Free cooling systems which
use cooling towers instead of using chillers to get a low chilled water
by contacting cooling water with low temperature ambient air is begin

to applied.

So far, a fact that research data is not sufficient to design Free
Cooling system and the operation manual is uncertain to apply this
system into buildings, cooling energy saving effects are too low

considering initial cost.
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This study is aim to suggest a basic data for efficient design and
operation of system by analyse energy saving effects quantitatively

and evaluate economic feasibility.

Followings are the results.

(1) Case study of applied buildings.

Free cooling system is applied in many types of buildings and
operation ranges are 8~18C WB for combined operation. Payback
periods for initial cost are less than 4 years.

The cases in Korea, Free cooling system is applied to limited
building types and some problems are occurred because of lack of
design and operation guidelines. These problems are icing on Cooling
tower, manual control by field manager, lack of knowledge on

characteristics of system, make an error in design stage.

(2) Applicable period.

Free cooling system can be applied in October to April in Seoul,
Daejon, Gangneung area, and November to March in whole country
through the years.

The applicable periods are about 4,000 hours in Seoul, Daejon,
Gangneung. These are about 300 to 1,000 hours more than Busan,
Daegu, Kwangju, Jeonju, Jeju area and costal area(Busan, Jeju,
Gangneung) and use about 1,000 hours more than inner area by

combined operation.

(3) System's applicable range according to load variation.
Since, total energy saving amount which Free cooling system can

cover is increased effective usage of Free cooling system is expected
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when internal heat is higher. So, system zoning considering internal
heat source have to be planned. Energy conserving effect can be
promoted by introducing system considering indoor temperature

condition, use type, and heat characteristics in time.

(4) Set-point range of Free cooling systems

While the set—point temperature which in application of Free
cooling system is planned to operate when wet bulb temperature of
outside is below 5C, | surveyed that system is operated under 8 C of
outside temperature through the theoretical study and actual
inspection of objective building.

Since the use of partial Free cooling system is possible even in May
and September, if system can be operated when wet bulb temperature
of outside is below 8T to maximize energy saving effect through

automatic control due to the control algorithm of the Free cooling.

(5) Approach temperature range of heat exchanger.

The result of executing a simulation by lowering the approach
temperature of heat exchanger, which effect energy saving effects of
free cooling system, from designed approach temperature of 4C up to
1C, the lower the approach temperature the more energy saving
effects of free cooling is achieved, consequently, using lower
approach temperature is suitable to achieve higher energy saving

effect.

(6) Economic evaluation.

Considering life time and initial cost of equipment, the more inner
heat occur, the shorter pay back period. (100%:6.6 yrs, 80%:9.6 yrs)

When wet bulb temperature is 5C, pay back period is 6.6years.
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While wet bulb temperature is 8 C, pay back period is shortened to 5
years, thus economic effect can be promoted by using combined
operation when the wet bulb temperature is between 8 to 18C WB.
And, initial cost is increased as approach temperature is lower, pay
back period is shortened by energy saving effect of free cooling

system.

Free cooling system is verified very energy saving effect system
through theoretical study and field survey, and it can get optimum
effectiveness of energy saving by enlarging temperature range through
automatic control operation.

Free cooling system can be used widely by solving icing phenomena
of cooling tower, lack of design and operation guideline. Specially,
zoning according to building's inner heat, system operation below 8T
WB, and selecting low approach temperature can make free cooling
system more effective.

This study analysed free cooling system by using computer
simulation comparing with existing building, to apply the effectiveness
of free cooling system to general buildings, more case study of free
cooling system and energy analysis of various building type has to be

followed.
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