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ABSTRACT

This air-conditioning systems design for the Wuhan Tumor Hospital

out-patient floor design it to be a reasonable central air-conditioning system for

indoor staff provide a comfortable working environment.

Fan-coil system is mainly used air-conditioned rooms bear the cooling load

and the heat load, the ceiling of each room placement within 1-2 fan-coils. The

new wind of fresh air through independent channels into the first fan-coil, and

then mixed together with return air into the room. New wind generating units

installed on ceiling, each floor to install a new air unit of the burden of all

air-conditioned rooms in the new wind load. The air-conditioning system has the

advantage of occupying less floor space, cooling and heating can be concentrated

at the same time, the terminal device and a separate regulatory function switch,

the room temperature alone can regulate and control, and prevent cross-infection

of the air. Air-conditioning system uses closed-water systems, not because it

apart from pollution, save initial investment, but also has great energy-saving

effect.

Thedesign of the building object is located inWuhanCity,basement floor

eight layers with a total construction area of about 6500, the total

air-conditioning cooling load for the 660KW, per unitarea of cold indicators

146 W, unit area heat index of 110W.



The design elements include: hot and cold air-conditioning load calculation;
air-conditioning system and the determination of proof; air supply and air supply
parameters of the determination; selection of air-handling equipment; cold and
heat source of choice and selection of equipment; airflow calculated; hydraulic
calculation; other equipment of choice; thermal insulation and anti-corrosion and
vibration and noise reduction, and other content.

KEYWORDS: air-conditioning systems; fan coil and a new air system;

performance comparison; Terminal equipment
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(3) B WIE X KLELE B XAR R

5B RS KPR E IS KA B RSLIE AN B R EL, B 2 KUPL AL B A0 22
A, Bz L RS H L, B

av HI 38 KR BRI DY XUHLEL B A3 KR, D 3% 5 Ta] (1 48 <0 O 2800 A ik

\\

by [R5 Xk 38 DR FRD X B AT 1 428 BT SRS
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Cv 2 DAL AL 5 I, B R S, FLA T AR AR ] e R
B P K A T BN A

dv JANLAEE 75 AT 2 ] SRR BT IXUBL LA 1 A AR )

TE AR VR B o SR B R KON 6 RO B o I 2R 45 7 22 3 7 ThT Y 1
Ik, (HE G T T R SR R R X R T 5 PR & M, TR
Bt e R AR 56 % R I A T 3

ey

it FIRE R, B R A B AE T S b B RO R IR Bt
TORANE BRI, R LR AR AL BRI
B PR R SR B AR B A R A

EXRESSHRENEWHE
4.1 FHNERE

A EENER ARG, BT IABINGR . R AN, sy

5

WERM IR NBEEAE MR MAKEE, IEDZ S, H

FEIENE N HH AR E T A WAL R, K HAERE R, O X ey, AR

RGBT, — b JiURA RE e /N KGR, I R B NI A2 PR = AN K

CLD M B NS B A0 3 7 22 1005 G, DRAIE N RE XS 28 /0l o Y 5K 5 (2)

e = WA PTAE R B TR AR (3) RIEFRIEEL. A2 TAS

e, Gl E AR B IR ER, B SR R R e KB O R G /N B KU

WHRITERSRIHNEAD L RGIEXER 10%, NWHRSFIEXER 10%.
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AR TE 3 2 R TSR RO R, DU, e, B E,
i fr s X AR B R B0 M N BOF AR Z, WURYE R E N B % 25m/
Che N BUSR/ANVET RARHE, THEH R, &5 IREH LR & E . 534,
ARG BT 5 18R B 60% (0 AR X6 1 55 A o
4.2 RNEERGENENITE
4.2.1 AMEF R FLA T4

ILLL 103 B A7 BOR 28 5 18] 9 1) o B30 28 AU AL 38 077 30 RUHL 48 A8 i 7 326 XU
IR E . @7 Q=1. 72kw, J& Fifif W=42X 10-6 kg/s

(1) #HIBLL e =Q/W=1.72/42X 10-6=40952 kJ/kg

(2) Wk RORA S WFE, £ i-d B EARYE tn=26°C K& P n=60%7
EZWIRAE SN, in=58k]J/kg; TR B td=35. 2°C AR BRI & tw=28. 2°C
EBEAMRA W, iw=99kJ/kg. i N 54E € =40952 £ 5 & =90% ¥ Hh 422 T
05, 19 to=19C, i0=50 kJ/kg.

(3) HHBZERNE: 6=Q/ (in—io) =1.72/ (58-50) =0.215 kg/s
(643m* /h),

(4) RALEE KB 4% 10%H0H B & . N HUH XE Gw=0. 022 kg/s.
(66 m* /h)

] KU HL 4% B KB GE=G—Gw=0. 215-0. 022=0. 193 kg/s (577m* /h)

(5) RHLE BN O =W in

im =(G i0 —Gw i1)/ Gf=(0.215X50—0. 022X 58) /0. 193=49 kj/ kg
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EREL, OWAJFERYE in 2T M A, &K tn=197C.

(6) HHAE=E:

HEFHRAE: Q=Gw(iw - in )=0.022X (99-58)=0. 86kw

HERAEAE: Q=Gf(in - im)=0.193X (58-49)=1.72 kw

KRB B8 mk ME 2= THLTE h-d EEROR
4.2.2 AAEEHAFREIA,

BT E RE RS, LFAHEERENIEREME R/, Hixt—.
ZANH KRS S5 Wd PR A % A A TR WL R 5 SR IR 2 01 1, =N

[ A RBIL A B S5 0 2 A 02 s 2R 5 AR 3 (8] XL .
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W1 O1 Nd

&

$=100%
wd

4-2-2 KB E & RIE RN ARG LT LOAE h-d ERRR

(1) HATE TR, =N 20°C, AR EE 60%, HHikw] L
£ h-d B B A hn=42. 6kj/ke, EAMRE-2°C, AHXTESE 76%.

(2) 7f h-d B E& 1 hw=4kj/kg. BRI IFHA, =N 08 6
0. 143kg/s, H A& 0. 038 kg/s, Hr X KH = NI 74T, Frbl.

d01=(dNd-dWd) /Gx= (8. 8-1. 46) /0. 038=193. 1g/kg.

(3D FH S5 {E R N A5OAH [R] (U 5 v DA 52 O1 HRAS Be 2 N I A B g
N Q=952. 4W, % W [ 8l W& Gh=0. 342kg/s.

(4) H1 Q=Gh (ho-hn) 3 ho=Q/Ms+hn=45. 1 kj/kg. HH 02 Fl N 5 %% i fi
Ll LA € Od s B AL E . RUHLELE B INFAE Q=Gh (ho—hn) =852. 5W.
5 ERAEIRENER
5.1 RMiEERIEE

R BB 1) 3 PRARYE KA Fumar R Ftar . URE RO IE R, 5 9 18T
JR A A BRI KA 2 7 4

BT ERSELES, BRBAMEE, AE&EEES, T 102 5 H
A o AL A8 5 F1 32 6 SR 2R AT 150 B
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102 55l = N i A 100 Thw, ZEWNIEXE N 1. 06kg/s, Bl 1418m’/h.
R 4 DL b B By 3 i XML A% 5 O Bl RIE S R B R A | AR 7 Y TR X
KHL#E FP2.5, 681 &, M aHlA =N 1550W. #|#E N 2280W. K&

360m°/h, oAt 55 8] g RUBIL A 206 9 0 2 5 DL LA A I Y 3, UL )

A YEREZ O WA BT Re S 80k .
AL A8 3k B 3%
75 1] 5 fL * KA R R s it
q (kw) Gf (kg/s) kw
101 10. 7 1. 06 10.7 6 /> FP-3.5
102 2.70 0. 301 2.70 FP-14
103 2.50 0.302 2.50 FP-14
104 3. 28 0. 185 3. 28 2~ FP-3.5
105 2.02 0. 159 2.02 FP-7.1
106 1. 40 0.062 1. 40 FP-3.5
107 1. 08 0.112 1. 08 FP-7.1
108 0.95 0.071 0.95 FP-3.5
109 2.17 0. 149 2.17 FP-7.1
110 1. 18 0.143 1. 18 FP-7.1
111 10. 8 1.52 10. 8 FP-3. 5
112 0.83 0.092 0.83 FP-3. 5
113 2.83 0.234 2.83 FP-14
114 0.91 0. 454 0.91 FP-3.5
115 0.70 0. 045 0.70 FP-3.5
116 2.06 0. 186 2.06 FP-7.1
117 1. 37 0. 085 1. 37 FP-3. 5
118 1. 83 0.201 1. 83 FP-14
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119 1. 83 0.201 .83 FP-14
120 1.83 0.201 .83 FP-14
122 1.34 0.13 .34 FP-7.1
123 0.69 0. 081 .69 FP-3.5
124 0.20 0.015 .20 FP-3.5
125 0.80 0.082 . 80 FP-3.5
126 1. 67 0.149 .67 FP-7.1
201 1. 45 0.131 .45 FP-7.1
202 1. 05 0.072 .05 FP-3.5
203 1. 05 0.072 .05 FP-3.5
204 1. 05 0.072 .05 FP-3.5
205 1. 00 0.074 .00 FP-3.5
206 1. 00 0.074 .00 FP-3.5
207 1. 00 0.074 .00 FP-3.5
208 1. 00 0.074 .00 FP-3.5
209 1. 90 0. 185 .90 FP-14
210 2.29 0.222 .29 FP-14
211 3.78 0.179 .78 FP-14
212 0.69 0.079 .69 FP-3.5
213 1. 15 0. 057 .15 FP-3.5
214 1.18 0. 057 .18 FP-3.5
215 0.40 0.028 .40 FP-3.5
216 4.07 0.406 .07 FP-20
217 4.07 0.406 .07 FP-20
218 2.31 0.222 .31 FP-14
219 3.90 0.359 .90 FP-14
220 3.74 0.359 .74 FP-14
221 1. 66 0. 147 . 66 FP-7.1
222 1.93 0.16 .93 FP-7.1
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223 0.59 0. 066 0.59 FP-3.5
224 0.20 0.015 0.20 FP-3.5
225 1. 30 0.125 1. 30 FP-7.1
226 0.87 0. 063 0.87 FP-3.5
227 0.87 0.063 0.87 FP-3.5
228 0.87 0.063 0.87 FP-3.5
301 1. 567 0. 187 1.57 FP-14
302 1.00 0.104 1.00 FP-7.1
303 1.72 0.198 1.72 FP-14
304 1. 68 0.192 1. 68 FP-14
305 1.19 0.073 1.19 FP-3.5
306 1.19 0.073 1.19 FP-3.5
307 1.19 0.073 1.19 FP-3.5
308 1.19 0.073 1.19 FP-3.5
309 1.19 0.073 1.19 FP-3.5
310 0.53 0. 048 0.53 FP-3.5
311 0.88 0.072 0.88 FP-3.5
312 2.98 0.268 2.98 2 4~ FP-3.
313 0.36 0. 046 0.36 FP-3.5
314 2.30 0.222 2.30 FP-14
315 1. 42 0. 067 1. 42 FP-3.5
316 0.66 0. 083 0.66 FP-3.5
317 .00 0.155 2.00 FP-7.1
318 .34 0.137 1. 34 FP-7.1
319 2.13 0.209 2.13 FP-14
320 0. 68 0. 083 0.68 FP-3.5
321 4.09 0. 407 4.09 FP-20
322 4.09 0. 407 4.09 FP-20
323 2.60 0.264 2. 60 FP-14
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324 4.12 0.401 4.12 FP-20
325 5.21 0.567 5.21 FP-20
326 1. 16 0.105 1. 16 FP-7.1
327 1. 16 0.105 1. 16 FP-7.1
328 1. 16 0.105 1. 16 FP-7.1
329 1. 30 0.125 1. 30 FP-7.1
330 1. 67 0.148 1. 67 FP-7.1
331 0.78 0.078 0.78 FP-7.1
332 0.59 0. 066 0.59 FP-7.1
333 0.20 0.015 0.20 FP-7.1
401 2.67 0.221 2.67 FP-14
402 1. 10 0.072 1. 10 FP-3.5
403 1. 10 0.072 1. 10 FP-3.5
404 1. 10 0.072 1. 10 FP-3.5
405 1. 10 0.072 1. 10 FP-3.5
406 1. 46 0.156 1. 46 FP-7.1
407 0.59 0. 007 0.59 FP-3.5
408 0.81 0.073 0.81 FP-3.5
409 0.97 0.063 00. 97 FP-3.5
410 1.22 0.131 1.22 FP-7.1
411 2.09 0.253 2.09 FP-14
412 0.93 0. 062 0.93 FP-3.5
413 1. 06 0.100 1. 06 FP-7.1
414 1.51 0.154 1.51 FP-7.1
415 2.13 0.163 2.13 FP-7.1
416 2.08 0.121 2.08 FP-7.1
417 2.08 0.121 2.08 FP-7.1
418 1.79 0. 147 1.79 FP-7.1
419 3.90 0.358 3.90 FP-20
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420 3. 69 0. 351 3. 69 FP-20
421 0. 82 0. 055 0.82 FP-3. 5
422 0. 82 0. 055 0. 82 FP-3. 5
423 0.82 0. 055 0.82 FP-3.5
424 1. 24 0.116 1. 24 FP-7.1
425 0. 55 0.061 0.55 FP-3.5
426 0.20 0.015 0. 20 FP-3.5
427 0.75 0.075 0.75 FP-3.5
428 1.74 1. 151 1. 151 FP-7.1
K HE T e 2 HOR
LERs) FP-3. 5 FP-7. 1 FP-14 | FP-20
K& ( m?/h) 260 510 1010 1400
7% (W) 1550 4402 5800 7860
1 A e (W) 2210 4200 | 8800 12300
kg (kehy 400 710 1400 2000
/KB (kPa) 6 10. 5 20 29
Ik A dB (A) <36 <38 <44 <46
HA, Y5 A 220V, 501z
AL
BINThE (W) 35 60 115 175
K& DN20 B2 40 5
R i DN20 B2 40
K DN20 W 40 5

VE: WiESZiL: W FERIEFE 27°C, WEREE 19.5°C, #KEE 7C, H
KIEE 12°Co #l#: TEIRE 21°C, #H/KIEE 60°C.

5.1.1 #FH R AL a9 A
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WRIE R G A E TR, HRHAGEZRE G, %5 XX
B FER KALAR A S .

LAY 2 1350 RBLZH 138 359 . — 2 K 1) B R0 KU G4 g 30kw, 38T X
BN 2178.8m’/he BT B WML AH b it KR 5284 B A ) AR 77 1) i T BR A
A PR DX R BT RHBLAL, B 5 o DX2. 5 X4, S8 1 &, #4845 A 532. 1kw,
R 2500m°/h, %% B B KUNLZH 1R 38 3 B AP 2 B 2, 8 ML 2L 1 g 2

O RALAL I Re = 80k .

Hr AL % 2 3%

FRALAM S | &% | g | HAE (kw) | AE (m®/h)
DX1.5X 4 1 4 19. 2 1500
DX2.5X 4 1 4 32. 1 2500

DX4 X 4 1 4 52. 1 4000
HrANLH M RE S HE
= DX1.5X 4 DX2.5X 4 DX4 X 4
% 4 4 4
B E K& m3/h 1500 2500 4000
e pt % = kw 19. 2 32. 1 52. 1
e o= kw 26. 8 44.8 72. 8
K& kg/h 3306 5523 8954
7K BH kPa 5 8 17
ULy B RO 1 50 AL
AL IR Ckw) 0.18 0.37 1.1
=l 1 1 1
WA 4 5 (Pa) 120 200 250
% dB (A) 53 55 67
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b (KX 750 X 1000 X 980 X 1030 X 1230 X 1030 X
mm
i X B 650 650 650

6 RRFERIEFE R EZFIRE
6.1 BHIFERIERE
6.1.1 AR,

AW HANLAI (H 2R KILAE) RESEEHR G, &
AR K BV EhK B WA, =2 H AT 2 U 2R G ke A4 O s T v R
W&

WIOKNLE IR BN B W 5 AP 3, — 82 IR A K ML, G4
5 R KL, IR A KL A E O R KL 57— KT KB
BRI, ORRIRUL A KL, 43 R 2R IR A K s 378 /K LA A0 B R R
WP KL s K ALAEARIE ¥ J A B AR AN R, 353 ok v 2078 Ak L2 AT
A A IR B B KK

A KB4, RARYE A& WKIREE . DR HIR . KA
VRGO, AR R AE AT 9% F 45 07 T HEAT BOR &2 B LU RO 2 o B K AL
HARRBM G BN FEFE BT LA

(1) ke e 3R Eh B v K ALZH IS, 2 B L) v B Qe > 1160 kw I, H ik
B0 2 Qe=580-1160 kw i, F ik ] &0 aUBUIRAF R 2 Qe <580 kw
i, Bk HEZERX.

(2) WKHLAH Lk 2-4 GO, TR EIER 2 &, 8RR
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Akl 3G, FRMIEH 46, RARIAH-BRARSH, JF5 R B E i
S AT R T A IE N

(3D AEGEHIE, Fral A RIAMEHRATCIRH, LB AER, H
K R AL B RO 78 AR LA

(4) BATHARG GBS, BRI R &0 3 3R B Um0 K
ML, WHEXNA TR Z G EAHE S BABHLA, LU AT 178 KL
H.

(5 F, g B 2l 1) 445 2004 K WL ZE AR 4 S AL 25 3 1) A B TE AT L R i
RE R Lo ik A s 28 20, BT AN E s 0 A KL 4 .

(6) HIHLLE$E, 2% 8 O R85 1) 50«

av WP SR TR I AE IR B KA VPSR AR Z N .

by B EHIA I EA B KA RAZ s H M, R-11, R-12°H
i ¥4 7 01 o) ¥ AL L A 1 A5
6.2 #4HixEY

BB S RGETA A 101, 9kw, B ZFH KA AN 99. 2kw, &
TGN 211, 1 kw,

23l BEIRARAIE, AR L RSB AR B RS . HPEREN T R

W R fE S Bk

GV 77 RN
eS| LSQWRF (125) K% R IERES KL
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A E (kw) H P Ckw) i V& &5 T R
125 135 46. 0
il A E T R ] ¥4 51 b 2% KiE (m3/h)
42.5 R22 21.6
KB 1455 (kPa) K E R B = 7 & MPa
18.0 DN125 1.0
N . PR X107
7K A e k2% 23 5 ) e B 28 T 2
m3/h
S A W N R b T B
i p =g 60
o B 2%
ERIRTES AR R <E (mm) Wl S EE (kg)
0.7X5 1514 X 6650 X 1820 2200
F ik iR H Bl A
37.5
(kw)

T HRERIE KA v K/ HKIRE 12°C/T°Cy il BRI E 26 AF

7K/ KR E 40°C /45°C .

AU < W RE L R R VR I RE BE L 2 TR R NATT R 7 3 R .
s AR A SR A, ANCE SR b5 R R AOR T H s
VREMEE. I TRAAWRRRE, WEXOAE LB, B E

ih]
DB, B IR LTI AR = A I 8 R e sl &5 o i LI XU B 228 U0 i 2 S
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YL FE R B oy B
7.1.1 R oo X6

PR B, TR A A KL R AR, A EH XA (B0 K
KRN A IR, IERRE R g B

£ B N s v P 1 B S W I SN 71 1= W . P W S Y v R W
3% K T — BOoRs FE R 2 1 TR, A T XRNLELE BRI BissH T2
LA SRR & A mE IR XUE A T A BRI AL WA = R s LR
AR H FZE T AR T 2R TR

16 AR 20 R 2 R AU RN, X SR I R R S A ) T i E A BB
S B, ERIFRMASN, R WREE. R B A
B UL S S B 2 R T & 55 7 T A 2 SR 3 A [R) 2 2 a2 XU A [E] R

R ERRAIE, AR XUZ E L KRR, AR el X
[ETIDRE =i/ o ) XN W 7= VD [T D W R o B2 g 25 B < S ey o W
7.1.2 ZRMEF XA

Rk m R A B A B A AR, SRALE AR BLIHG N LT
Ffff: BIX EE, FIETE, gk BN E, NIE EREEMEE . HE R AT
s bik blml, BRI R, M =, PR AR R AR s = A7 A A

(1) Bix BRIy Bik b2 m R R @5 W b )z R ) — s
WAL L7 20 8 R I8 XU R A BROAL # 2SR T XD, |l RG0SR A e

AU B2 X
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2 A AR FIXEESE R EAAE, SR EA S ER

AR, SREWIHES. £F2 TR, [BXETEA S B E A 2

N R TRBI AT, 35 AR = 30 o T b 3 Tl A0 D9 — AN KR el XUGE TE , 3 b 5 3

il

m}i

B AT B Y, HL R TR, TP S 0 R TR R A

L1 ST N W 7 S = = B ) N Gl 1 VI DB B =] D G B RANY 2R B

R, AL A& — R4 RE BT T B

(2) EETETA. BB TR AETRALR L EIX BRI EYEH,

FENEIASHIL], AEAEIE L BIRUREGR R A, E AT 55 TR e B

WP (E7E, & E R RXE & 2200 b AR T, X8 5 i@ s

B, A X RBOVHMER . B, RAAEAmE S LA, 4Rt

Ji 3.

(3) Mik. MEER D —FEZ N TEERMERPZENTT A, BEZ

J& W B SR G XA R A SR s MU D M KURIRLAE 3 8as, N B

WA BT RGP Er & s . (HEER AL RN A P A [ &R

i T (B B AR 8 5 5 18] B 5 B fK XD

1105w N 1 D = o 1 N TR A I 0 s WP S X 7 = RS e B

AT AEAZ

MR LA b = Ffras X5 U D0 R m LRI R0, R T B0 4% 36 KU BLR O -

& BRI AH S, B R R TR A2 A UL A 0 S5 Te) R

E RN A
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4

7.2 STRARHE
7.2.1 FHLEE A R

JRHTL 38 38 0] 326 RS AL 2T B DL 107 J55 8] 9 RRAE s A1 3R AT T

CL%0 55 8] 8 R~F 24 L=5. 3m, B=3m, §t /& H=4. 5m; )5 8] (1 /& 7F & M 3% X4
fF: BOERE G=0. 154m"/s, ZEXIRE ts=19°C, TAEXIRE tr=26C. H1T

SR BE

(1) HAX=1C, AtX/Ats=1/7=0.143, HCHk 1 £ 10-1 &5 &
/NAE T SRR x/ d0=20.

(2) BEAE— 055 THOMH 22 25 A, TP B 45 0. 5m, U] S ¥t Fr) I o S5
N x=5.3-0.5-0. 5=4. 3m. HI & /X AR SR AFIE R f/ K BE.AE dO, max.
d0, max=4.3/20=0.22m. %M XWZE T H X E, #A& A 200X 160mm. HE X
AR M I B AR N

d0=1.128 (A0) 0.5=1.128X (0.2X0.16) 0.5=0.21m.

(3) WAMAFATHRE, HHEE N v0=6/ (WAOn) =0. 154/ (0.8
X 0.2X0.15X2) =3.2m/s

(4) P CHk 1 A (10-15) "R H 5 A i

(A) 0.5/d0= (BH/n) 0.5/d0= (3X4.5/2) 0.5/0.21=12. 3m/s

AR v0, max= (0.29~0.43) (A) 1/2/d0 3K fo i H 1 K X E

v0, max=0.29X12.3=3.5>3.2 (m/s)
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FIT AR 5 1) R 1 i S A, 3 38 B 9 S 28 R << 0. 2m/s 1 EESR .
(5) R AN Ar=gd0Ats/ vo2Tr f
Ar=9.81X0.21X7/ (3.2) 2X (273+26) =4.7X10-3
MSCHR 1 3% 10-2 WP A4S, AH I B AR 2 30, BRLG, I BHRFE D 30 X
0. 21=6. 3m>4. 3m. JIT LAigi /£ BoR o
(6) J55 I i B I A%
I 22 20 H=h+s+0. 07X+0. 3 £ 4% P 1) 54
AP h—— T ZERE TAEX &
S——1& KR S 21 T 1 R
0.3 — %2 RH:
X——NHi & LAERE
H=2+0. 5+0. 07 (4. 5-1) +0. 3=3. 045>3. 6-1=2. 6
Jit LA e i A2 v P K
7.2.2 MR o éFitE
53 R T T /e N PG e s R /e 228 9 - 1 e N NS R TR ET D2
HELE e, KRB A L.
[ X7 TR R AT AR i S 4 2 SR 8 o A WEAE 5 TA) e, Ay
G lal KRR AN, R R B T £ /0 A 0. 15me  [B] R IR R B
%R RIEH

EIPRE RS
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] X A B Bl XX (m/s) %VE
AT 4.0~5.0 FHAE 8] K
ANFETEAEAL
3.0~4.0
Bl B ] R 1 B 0
0 R A 1.5~2.0 T T 45
57T 7 JBE [8] XK 1.0~1.5

FEZ TAREY, E N AT REFT, =X B ER, N
PLAESCE B R

AT, AR DL A RE B X R [ T, D[R] R i T R

[a] X 1 3 B
IO ‘
\ [a] JR 10 N EIPEIBES ~
)75 18] AN | 58 AR o] X & (m3/h)
¥ Cmm) - E(m/s)
L (m?)
KT 200 X 200 4 0.036 4 1843
I 120 X 120 2 0.012 4 332
;37> 200 X 200 4 0.036 4 1843
kil IS 120X 120 2 0.012 4 332

8 HEHERKNITE
8.1 TiAKARGZKNITE

MNZ T SREH IS, AR KRBT R H K- 57 5 28 B A FE 1) 78 Wi &K
KB RHAKFREGTEEMBGL, MTTE»Re, RAHE

L IR RE AT 28 ) PRAE 1 7K R GE I 7K J7 P T 1k
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d= C4mw/7V) 1/2 (8-1)
Favic el
mv—— /K&, m'/s;
V—— JKi#, mn/s.
KRG B N KT SCHER 2 % 8-3 I EEH, & XE ke H
ER, HEOCHR 2 3R 8-4 AR ROk A E A
8.1.2 M7y <
(1) WAREFH )
IK A TE N R BE )
Hf=4 (1/d) (PY2/2) =R1 (8-2)
X,

——BEHEEI R, EHRE;

p —/KIIEE, 1000kg/m’;
v ——JKiRHE, m/s;
R—— A KL FERE 7, CRRELEERH, Pa/m.

R= (A/d) (PY2/2) (8-3)
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RKERHNE RS, WAL R — &N 100—400 Pa/m, #x# MK
79 250 Pa/m. PEEPH IR N SIRENMER .. WA, MK, ENRKD KN
0T R RS FE A 0% . ARE A R AR R K IR AT A SR 2 ] 8-1 KR BRI
EE BE [H

(2) Ja#BRH 7y

KB I 38 B Sk L =0 A AR A I, R BE R e UARE BE T A Y R
HRE At A A

Hd=S (PV2/2) (8-4)

X,

§ —— RHESFH 71 R %, ILOCHR 2 3R 8-5 MR 8-6;

v ——/KILE, m/s;

(3) KE L

KBNS H (Pa) BLIEHTFERH /7 HE A1 /5 #EFH 77 Hd, BP:

H=Hf+Hd=R1+5 ( PV 2/2) (8-5)

(4) FK & 1) €

KB AT 4% S ) A

mw=Q/ (cAt) (8-6)

Faviee

mv——/K &, m'/s;

C ——IKHIEEF, kj/kg « k;
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At——RFKIRZE, C. KRGHKNTC, [BIKA12C,

AV K LA BUE R B R E R
8.2 HELBRWMT

(D) W€ RGE BRI, & 3 A EETE, b R 508 B B, 7E K
JIHHEE

(O HFE K BT E B S, ek B B K AR &, BB —
AR P A D A B TH B, NIRRT (=18, B R) A KE.

(3) W& RG AN, — R o 5= #BE 7 5 R 3 %

(4) EFEEE R KSR, T T 7K R HE R 3R

KRR R
B4 /mm 15 20 25 32 40 50 65
MR Z& | 0.4-0. | 0.5-0. 0.7-0. | 0.8-1. | 0.9-1. | 1.1-1.
0.6-0.7
i 5 6 9 0 2 4
B 4% /mm 80 100 125 150 200 250 300
A& | 1.2-1. | 1.3-1. 1.6-2. | 1.8-2. | 1.8-2. | 1.9-2.
1.5-2.0
4 6 8 2 5 6 9
B 4% /mm 350 400
MR | 1.6-2. | 1.8-2.
4t 5 6

WEg e EMIEERE, BEOTEEES R, FHELTEEES Wk,
RJERIEEE T HETEE RN E, TFHEEEIE N LPRRiE.

(5) THEEERIREM- T .

(6) A &8 B R
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() R RS T,

(8) o 7 Bk 2% 10 BHL 3~ 4 175
8.2.1 KELWKAIHH

AP RAME R KRG, RAEME R, YIRRENERA H
B RB TR S EEANFESERE, RAMKXRSGE, A5RMEM, &k
AG TG YR E M, AHERARGFKE L, KEEER D

FRBIE R R, &R 8] SUA AR A R B K ) L, A A B AL
HAMRMAEE RELERAFERE, SERKPE R WAL T kR K
AN, A RERE, BT &IPS RS B SAK EREAAE, & H %
J5 T B K B0 REAH S, it LR G KK ) R g VR4

SHFKERGE, HEAREBE ) B/ 30 8% R B AN R 3R % R G (0P 47, B m) A

NN R G RIK I B H AL T AT I

BARSBOK It HERWM T -

SIKE K IR R
| S it = (=8 v R Py Pj Py+Pj

=g g B JE Pa

5 kw kg/h (m) m/s Pa/m Pa Pa Pa
24 93.6 16099 DN70 3.6 1.23 314 1130 | 6.3 758 4776 5908
25 73.3 12676 DN70 3.6 0.97 198 713 6.3 470 2962 3676
26 48. 8 8394 DN50 3.6 1. 06 322 1160 | 6.3 558 3518 4679
27 30 5160 DN50 3.6 0. 65 127 459 6.3 211 1329 1789

75 K& M FH f19 P6 =16. 05 kPa.
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IV S/ AR =3
Feo| S| WE RS R Py Pj Py+Pj
B v/s € I Pa

5 kw kg/h (m) Pa/m Pa Pa Pa

25| 19.9 3422 DN40 3.6 0.72 216 778 5 259 1296 2075

26 | 44.8 7705 DN50 3.6 0.97 274 985 5 471 2353 3338

27 | 63.6 10939 DN70 3.6 0. 84 150 538 5 350 1750 2289

28 | 93.6 16099 DN70 18 1. 23 314 5655 2 758 3791 9445

[l K% S BH ). P=17. 15kPa.
M9 2+ 1%
KEKATTEE
APy+A
Feo| S i GRS v R APy HE | AP
i § Pj
5 (kw) (kg/h) (m) (m/s) (Pa/m) (Pa) (Pa) (Pa)
(Pa)

1 2.7 464 DN20 4 0.4 144 576 5 66 331 906
2 4.8 826 DN25 0.5 0.4 125 62 3 80 241 303
3 5.9 1015 DN25 5.3 0.5 183 971 3 121 364 1335
4 7 1204 DN25 1.3 0.6 252 328 3 171 512 840
5 8.1 1393 DN25 2.1 0.7 332 698 3 229 685 1383
6 9 1548 DN32 2.8 0.4 98 273 3 92 275 548
7 10. 1 1737 DN32 2.2 0.5 121 266 3 116 347 613
8 12.7 2184 DN32 4.1 0.6 186 762 3 183 548 1310
9 13.3 2287 DN32 1.5 0.6 203 304 3 200 601 905
10 14. 1 2425 DN32 0.4 0.7 226 91 3 225 676 766
11 15.6 2683 DN32 3.5 0.7 274 960 3 276 827 1787
12 16. 6 2855 DN32 0.7 0.8 309 216 3 312 937 1153
13 18. 7 3216 DN40 6.9 0.7 192 1326 3 229 687 2014
14 19.9 3423 DN40 2.6 0.7 216 563 18 259. 4668 5230

VU JE FEREA BB S8 P4 =19.1 kPa.
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ZE ARk
IKE KI5
A Py+
5| e i BK v R APy R APj
TR § A
5 (kw) (kg/h) (m) (m/s) (Pa/m) (Pa) (Pa) (Pa)
Pj(Pa)
1 1.6 275 DN15 4.5 0.4 248 1116 5 77 384 1501
2 4.6 791 DN25 1.9 0.4 115 219 3 73 221 440
3 6.3 1084 DN25 4.3 0.5 207 890 3 138 414 1305
4 8 1376 DN25 2.2 0.7 325 714 3 222 668 1382
5 9.2 1582 DN32 3.7 0.4 102 376 3 95 287 663
6 10. 4 1789 DN32 2.2 0.5 128 281 3 122 367 648
7 11.6 1995 DN32 0.8 0.5 157 125 3 152 457 582
8 12.3 2116 DN32 2.9 0.6 175 507 3 171 514 1021
9 15.5 2666 DN32 2.2 0.7 271 596 3 272 816 1412
10 16. 7 2872 DN32 1.1 0.8 312 343 3 315 947 1291
11 18 3096 DN40 2.1 0.7 179 375 3 212 636 1012
12 19. 4 3337 DN40 1.3 0.7 206 267 3 246 739 1007
13 21.5 3698 DN40 1.1 0.8 250 275 3 302 908 1183
14 24.9 4283 DN40 0.9 331 2320 18 406 7308 9628

=R FEEIRBSBE )N P3 =23.1 kPa.

IKE KR

TEE
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TR
KEKATTEE
APy+
o g M ERS v A
B R(Pa/m) | APy(Pa) 3 3)) i (Pa) A
5 (kw) (kg/h) (m) (m/s) Pj(Pa)
Pj(Pa)

1 0.4 68 DNI15 6.3 0.1 18. 115 5 5 24 140

2 4.5 774 DN20 7.1 0.6 372 2643 3 184 551 3195

3 8.6 1479 DN25 5.5 0.7 372 2046 3 258 773 2820

4 10.9 1874 DN32 4.1 0.5 139 571 3 135 404 976

5 14.8 2545 DN32 1.9 0.7 248 471 3 248 744 1216

6 18.5 3182 DN40 9.5 0.7 188 1789 3 224 672 2462

7 21.1 3629 DN40 2 0.8 241 483 5 292 1458 1941

8 23.9 4110 DN40 4.7 0.9 306 1440 3 374 1122 2563

9 25.4 4368 DN40 1.2 0.9 344 413 3 423 1268 1681

10 26.7 4592 DN40 8.3 1.0 378 3144 18 467 8403 11548
Fr A fif i ERN v A APy+A

B R (Pa/m) 13 & (Pa) | APj(Pa)

5 (kw) (kg/h) (m) (m/s) Py (Pa) Pj(Pa)
1 1.5 258 DN15 3.7 0.4 220 814 2 67 135 950
2 4.9 842 DN25 3.3 0.4 129 427 3 83 250 678
3 6 1032 DN25 15.1 0.5 189 2854 3 125 376 3230
4 9.8 1685 DN32 3.1 0.5 114 354 6 108 652 1007
5 10.5 1806 DN32 1.7 0.5 130 221 7 124 874 1095
6 11.5 1978 DN32 1.6 0.6 154 246 3 149 449 696
7 13.7 2356 DN32 5.5 0.7 214 1179 3 212 637 1817
8 15.9 2734 DN40 1.9 0.6 141 268 3 165 496 765
9 16.9 2906 DN40 4.8 0.6 158 762 3 187 561 1323
10 18. 8 3233 DN40 1 0.7 194 194 16 231 3703 3897

TR FERE S FE J1 8 P2 =15.5 kPa
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TR B AR B S BH J1 9 P2 =28.5 kPa.
— 2%
KE K I HER
A\ Py+
F ki b/ii=:s 'K v A B & A
Eit R (Pa/m) g A
= (kW) (kg/h) (m) (m/s) Py (Pa) (Pa) Pj(Pa)
Pj(Pa)
1 5.2 894 DN25 13.2 0.4 145 1911 5 94 470 2382
2 19. 2 3302 DN40 8.1 0.7 202 1637 9 241 2172 3809
3 20.3 3491 DN40 2.8 0.7 225 629 3 270 809 1438
4 23.2 3990 DN40 2.1 0.8 290 608 3 352 1057 1665
5 24.6 4231 DN40 2.5 0.9 324 810 3 396 1188 1998
6 26. 8 4609 DN40 3.2 1.0 382 1221 3 470 1411 2632
7 27.6 4747 DN50 2.3 0.6 109 251 3 179 535 786
8 28.8 4953 DN50 1 0.6 118 118 3 195 583 701
9 30 5160 DN50 1 0.7 128 128 16 211 3377 3504
— 2 FHE % S BH J1 9 P2 =18.9 kPa.
—
KE K I HER
APy+A
Iig Uik = (=R v R APy E APj
=g g Pj
5 (kW) (kg/h) (m) (m/s) (Pa/m) (Pa) (Pa) (Pa)
(Pa)
1 0.7 120 DN15 0.5 0.2 32 16 3 14 44 60
2 7.2 1238 DN25 4.3 0.6 266 1144 3 180 541 1685
3 11. 4 1960 DN32 12. 4 0.5 151 1881 3 147 441 2322
4 14.9 2562 DN32 1.6 0.7 251 402 7 251 1760 2162
5 17.5 3010 DN40 3.6 0.6 169 610 3 200 601 1212
6 20.8 3577 DN40 2.2 0.8 235 517 3 283 849 1367
7 21.8 3749 DN40 8.3 0.8 257 2135 18 311 5601 7737
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— EE IR S BH /7N P1 =16. 6kPa.

4 2 B0 B L1y =40 7K S DL+ 6 U KT A 5 L+ 1 K L+ L

V0 )2 SBH 71 AP4=5. 9+19. 1+0+4. 6=29. 6kPa

= EEH A1 AP3=9. 6+23. 1+2. 3+4. 6=39. 6kPa
R K S AP2=14. 3+15. 5+5. 6+4. 6=40kPa

— R KL /1 AP1=16. 1+12. 5+7. 7+4. 6=40. 9kPa

B ERTAL, AR NS —FE. WA EER:

X= (APl+ AP4) /APLX100%=13%<<15%, 554 AP F sk,

8.3 NEMKNIHE
8.3.1 R¥EZ%

KE BIEAR — RoOu R AR o R XVE A998 2K, AR Rk, (Ein L
Bk, HMZEREK, AGHAMEMRN, WHTEX. FREXER T HEL
AREN, 5TAAE, WRESOWH N A %5, B A8 By i,
R RSB R ML NE . KRS RAE (4 B XE &I T 5
R) MERRS R, DUE T AU I XUE AN 22, 8 T & AR v ]
B KT KIS E KRS GRAROAE ) BLAME BANK y bR .
A B A R P I R JE SO A B KU R KA [

8.3.2 NEXKAHHEHAR
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(1) RE R EEERE 77 o BEHEIH 0 i v 55 2 B i i€ XUIE 1 1 24 EEBEFHL
THEEE KE R LLEEBRR, MHAXRSEERE (REAREEANRESER
7B MM, JEREE XUE BB R R R X

(2) JREE I E . Al XTI RS T, RS EE 5 XERG T
JIR M EEZE# 7o BRI R R BT &R KB IR B i 1
FEUFHME L =l e, ULUESE, X0 0R T R 50
A RAAE T R A 2

(3) WERG KA — IR UE 8 RS RTE B TE 32 N

ERRG T, BURKIME KPS SR iR, 2UEERGMZM R

}

GioVEr . MRS KSP L EIE FH R AT 3G Y S R DT T AT A s T . RGE FH )
(57, e B R R G, B e E . & IR
IR 8 R AT U BEL 7~ vk BR JHLE BA BRAS F- IRT R R DD SR AT I
8.3.3 i H Fik

RE K St B B R . IR BCE . SR A=A, T
A BT xR A — R, PSR PR R i AT K i
8.4 RERKFIITE

(1) 2RO 0] T 5 R XE

VY=

R K it 52k
Frl WE | ERE | Ee | BEK v R APy HE | APj | APy+AP
T | 3/h) | (mm) | (um) | (m) | (w/s) | (Pa/m) | (Pa) i (Pa) (Pa) j(Pa)
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1 482. 3 320 200 4 2.093 | 0.244 | 0.976 | 0.3 | 2.624 | 0.787 1. 763
2 623.7 400 320 0.5 | 1.354 | 0.072 | 0.036 | 0.1 1. 097 0.11 0. 146
3 877.5 400 320 5.3 | 1.904 | 0.131 | 0.696 | 0.1 | 2.172 | 0.217 0.913
4 1131.3 400 320 1.3 | 2.455 | 0.206 | 0.268 | 0.1 3.61 0.361 0.629
5 1385. 1 400 320 2.1 [ 3.006 | 0.296 | 0.622 | 0.1 | 5.411 | 0.541 1. 163
6 1596. 8 500 400 2.8 [ 2.218 | 0.131 | 0.367 | 0.1 | 2.946 | 0.295 0. 662
7 1850. 6 500 400 2.2 2.57 0.171 | 0.376 | 0.1 | 3.957 | 0.396 0.772
8 2176.6 500 400 4.1 [3.023 ] 0.228 | 0.936 | 0.1 | 5.473 | 0.547 1. 483
9 2405.9 500 400 1.5 | 3.342 | 0.273 0.41 | 0.3 | 6.687 | 2.006 2.416
10 | 2534.9 500 400 0.4 | 3.521 0.3 0.12 | 0.1 | 7.424 | 0.742 0. 862
11 2722 500 400 3.5 | 3.781 | 0.341 1.194 | 0.1 8. 56 0. 856 2.05
12 2952 630 320 0.7 | 4.067 | 0.411 | 0.288 | 0.1 | 9.908 | 0.991 1.279
13 | 3379.3 630 320 6.9 | 4.656 | 0.525 | 3.622 | 0.1 | 12.984 | 1.298 4.92
14 | 3511.8 630 320 2.6 | 4.839 | 0.563 | 1.463 | 0.1 | 14.023 | 1.402 2. 865
BAEFEER 12-11, HAFEK 12-1
AP14-13=2.9 AP14-1=21.9
ANTPrE: (21.9-2.9) /21.9=0.67=67%.
WO B RS E . SRR T R
c. HAh & = KE K It H T F &
— B Ak
W K It 5k
APy+A
Iig s o e (=S v R APy PN APj _
5 (m"3/h) (mm) (mm) (m) (n/s) | (Pa/m) (Pa) i (Pa) (Pa) .
(Pa)
1 214 200 200 17.2 1.5 0.172 2.96 4.2 1.32 5.55 8.51
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2 1527 400 400 3.5 2.7 0. 205 0.72 2.3 .21 9. 68 10. 39
3 1627 400 400 2.1 2.8 0.23 0. 48 2.3 .78 10. 99 11.47
4 1692 400 400 3.1 2.9 0. 246 0.76 0.1 .16 0.52 1. 28
5 1740 500 320 0.8 3.0 0. 267 0.21 0.1 .46 0.52 0.76
6 1838 500 320 2.4 3.2 0. 295 0.71 0.1 .10 0.61 1. 32
7 1942 500 320 1.3 3.4 0.325 0.42 0.1 .81 0. 68 1. 10
8 2063 630 320 2.9 2.8 0.216 0.63 0.1 . 84 0. 48 1.11
9 2105 630 320 2.3 2.9 0.224 0.52 0.1 .04 0.50 1.02
10 2179 630 320 0.6 3.0 0. 238 0.14 0.1 .40 0. 54 0. 68
— SR
= AR =
APy+A

I A R B (=4S v R APy B & APj _

5 (n"3/h) (mm) (mm) (m) (m/s) | (Pa/m) (Pa) (Pa) (Pa) .
(Pa)
1 42 120 120 0.2 0. 80 0.112 0.02 0. 39 0. 04 0. 06
2 251 250 120 3.9 2.3 0. 494 1.93 3.25 0.97 2.90
3 463 250 200 8.2 2.6 0. 399 3. 27 3.96 1. 18 4. 46
4 780 320 320 0.7 2.1 0. 180 0.13 2.68 2.41 2.54
5 826 320 320 2.2 2.2 0. 200 0. 44 3.01 0. 30 0.74
6 873 320 320 0.6 2.4 0.220 0.13 3.35 0.33 0. 46
7 922 320 320 1.9 2.5 0.243 0. 46 3.74 0. 37 0. 83
8 968 320 320 0.7 2.6 0. 265 0.19 4.13 0.41 0.59
9 1017 320 320 2.2 2.8 0. 289 0. 64 4.55 0. 45 1. 09
10 1062 320 320 2.9 0.313 0.31 4.97 0. 49 0. 81
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=
R K Iyt Bk
lag K& o e | Bk v R APy Ui APj APy+APj
T | (m"3/h) (mm) (mm) (m) | (w/s) (Pa/m) (Pa) (Pa) (Pa) (Pa)
1 231 320 200 5.2 1.0 0.067 0.21 0. 60 0. 06 0.27
2 465 320 200 0.7 2.0 0.229 0.16 2. 44 0. 24 0. 40
3 784 320 200 2.2 3.4 0.579 1. 27 6. 94 0. 69 1.97
4 1019 320 200 14. 4 4.4 0.927 13. 35 11.73 1.17 14. 52
5 2164 500 320 3.9 3.8 0. 395 1. 54 8. 46 0. 85 2. 39
6 2226 500 320 0.1 3.9 0.416 0. 04 8.95 0.90 0.94
7 2416 500 320 1.1 4.2 0.481 0.53 10. 54 1. 05 1. 58
8 2605 500 320 0.9 4.5 0.551 0. 50 12. 25 1. 23 1.72
9 2926 630 320 3 4.0 0. 405 1. 22 9.74 0.97 2.19
10 3115 630 320 0.3 4.3 0. 453 0.14 11. 04 1. 10 1. 24
11 3451 630 320 1.5 4.8 0. 545 0.82 13. 54 1.35 2. 17
12 3640 630 320 4.1 5.0 0.600 2. 46 15. 07 1.51 3.97
13 3901 630 320 2.9 5.4 0. 68 1.97 17. 30 1.73 3.70
TR
KB K IITHER
APy+A
Iig A & e (=8 S v R APy PN APj .
5 (n"3/h) (mm) (mm) (m) (m/s) (Pa/m) (Pa) (Pa) (Pa) .
(Pa)

1 87 200 120 5.7 1.0 0.124 0.71 0. 60 0. 30 1.01

2 616 320 200 6.1 2.7 0.377 2. 30 4. 28 0.43 2.73

3 1145 400 320 5.4 2.5 0.211 1. 14 3.70 0. 37 1.51

4 1470 400 320 3.7 3.2 0.33 1. 22 6.10 0.61 1. 83

5 2070 400 320 1.5 4.5 0. 609 0.91 12. 90 3.63 4. 54

6 2599 400 500 4.6 3.6 0.314 1. 45 7.81 6. 25 7.69
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7 2872 500 500 1 3.2 0.218 0.22 0.1 6.10 0.61 0. 83
8 3055 500 500 1.6 3.4 0. 244 0. 39 0.1 6. 90 0. 69 1. 08
9 3590 500 500 4.2 4.0 0. 326 1. 37 0.3 9.53 2. 86 4. 23
10 4053 630 400 2.6 4.4 0.41 1. 07 0.4 11. 95 4. 78 5. 85
=k
= AR =
A Py+
F K& Bw | Ba | Bk v R APy B & APj
APj
5 | (m"3/h) | (mm) (mm) (m) (m/s) (Pa/m) (Pa) (Pa) (Pa)
(Pa)
1 233 320 200 4.5 1.0 0.067 0. 30 .1 0.61 0. 06 0. 37
2 552 320 200 1.9 2.4 0.310 0.59 .5 3.43 1.71 2. 30
3 698 320 200 4.3 3.0 0.471 2.02 .1 5.49 0. 55 2.57
4 845 400 320 2.2 1.8 0.123 0.27 .1 2.01 0. 20 0. 47
5 1137 400 320 3.7 2.5 0.208 0.77 .1 3. 64 0. 36 1. 13
6 1838 400 320 2.2 4.0 0.492 1. 08 .1 9.53 0.95 2.03
7 2131 400 320 0.8 4.6 0. 642 0.51 .3 12. 8 3. 84 4. 35
8 2162 500 320 2.9 3.8 0. 394 1. 14 .1 8. 44 0. 84 1. 98
9 2848 500 320 2.2 4.9 0. 647 1. 42 .1 14. 64 1. 46 2. 88
10 3141 500 320 1.1 5.4 0.772 0. 85 .3 17. 80 5. 34 6.19
11 3302 630 320 2.1 4.5 0.503 1. 05 .1 12.39 1. 24 2.29
12 3546 630 320 1.3 4.8 0.572 0.74 .1 14. 29 1.43 2.17
13 3833 630 320 1.1 5.2 0. 659 0.72 .1 16. 70 1.67 2. 39
14 4308 630 320 4.3 5.9 0.814 3.49 .1 21.09 2. 11 5.60
15 4323 630 320 2.6 5.9 0.819 2.13 .1 21.25 2.12 4. 25

8.5 A EIKEEIT

RNLELE DL, I as 1 4%

HE ML BT R P AR
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AR T AHEE o HEBA B E B R BeTE, BE R BT I

BeK
(D BRI AM, KFPFEEBNRFEANTF T2 B0 E;, BARTH
FRIK AL

(2) 2478 Bk /K A 1D HE 7K I A ol 25050 B 7K 3af 7K F ) 1 JBE L L 74 s /K A Ak

FIEIE R E 2 ot KERH A, N5 KSAMHIE
it /K B R IR L0 2R E B AR AN AN BRI R RN

(3B EKETE

(4) N T BERBOKEERM ALk, LTS 5 R .

,’I-'—ﬁ

(5) A BRI RIS, S 17 KR IR UE

(6) Wi AIAT B & Bl /KE B, 0 Z0A 5025 RE 8 10 e 19 AT REAE . O M

Bt 22 HE 0 B 13Tt o
A % K B & v E L O

(7) A BKE AT EAR DN (), SR 45 38 1 4

22y

— BT, B lkw & AR 1N 2457 0. kg 72 AR EEK; TR

MmN E, & lkw B AaisE 1 /NS 29774 0. 8kg W kt/K, HEH, 7L

MR AL B & Ay Q 6 52 ¥ WK E I AR E AT

KEERIEFR

A (W) <Tkw 7.1~17. 6kw 17. 7~100kw 101~ 176kw
BeKE 15
20mm 25mm 32mm 40mm
DN

R A B R R A OIGEERE, KPEERER T2 —HIRE, &

Ja $2 B) PA 1A) BK S HEH

8.6 HEX ZRL kit
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W F 5 s ok, @ B 2 X, DUORIIE 55 18] IS /) R $5 £ 10Pa
$| 20Pa, [N UL E B BEH RS B I pr e B HURGHE G, R B ) A /e s
BENUBHERC, U TR 2R B
9 HihigZHERE
9.1 KEHIEF
9. 1.1 & F /RN

L. HEEW ARk EHIET LUNRERN SR, KRR TARRES 44T

v BRI EAEE R E 10%-20%8) & # &=

N\

3. HMEB AN, HFEZGIFKET, IFRNGHAEELT 3 5.

4. ZHREIFBISITH, N A REIE R R S KR .

B I R N R B8 AR G I e SR AR AR T TR K IR AR NTIEORE K 7K
Jis B8 77 VA L% il 1] H4E 77 068 3 B 3R B O RE . v R TR &R g R AU A
I, AR GEI i T 77 KK I 4 4t o IR 0 R JBE 5 A1 JR) 8 BHL 7 453 5% BT 7 1) 1 7
£ 16 FEOK R I N B B 7R 32 1 i AL, 0 B 0 ) X MURr IR AL 2
9.1.2 MR AKRFK LS

TR HKRG T, WA BRI ELE, B RE I 3 U R
PR, SRR AR D o OKER BB E N LLATRE L RIS L o b
AR, RN BT EERRGEHIE LKREN, KERNLRIEAT

FAFRL TR AR S AAT o 8 H R KR & B 7 KWL
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MR IKBLALAS 72 R KRB 34 m'/h.
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Influence of different outdoor design conditions on design cooling
load and design capacities of air conditioning equipments
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Alsirac

Chutdonr dlesign comelitions an: mporiant paranelers for energy ellicency of buikimgs, The reult of incomract selecton of guldoor
dissn comelibons can be drami: in view ol conlon and enerey comsumplion. In s study, the influence of dillenmt suldoor desin
comeli oms dm A comelilioning syslens & myestgated, Forths purpese, oosling loads and capacities of air condiixming squipmenis for a
sample budkding located in Adama, Turkey are cakeulated usang different cuklopr distm condiaons racommendid by ASHEAE, the cur-
et désign data used m Turkey and the daily maximum dey and wer bulb temperatunes of July 2051, which 15 generally acopied @ ihe
dissen day. The cooling col capacities sblamed from the dillerent guklosr desig condibions consadered m thas sudy ane compansd vath
each other. The cost analyss of air comdiioning syslems 5 ako performed. [ % ssen that the sslection of euidoor design condition: & a
very crlical slep m cakubation of the butlding coolmg losds ad dedgn cpacis of @r condiioning equipnenls,
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1. Introduc tion

Local climatic conditions are important parameiers
[or the encrgy efficicncy of buiklings, Beomse the energy
consumption in buildings depends on climatic condi-
tiots and the performance of heating ventilating and air
conditioning (HYAC) sysiems changes with them as well,
better design in huilding HVAC applications that take
acoount of the right climatic conditions will result in better
combart and maore energy efficient buildings,

Ouidoor design conditions are weather data information
For design purposes showing the chameteristic feaiures of
the climate at 4 particular location. They aflzct building
loads and ceonomical design, The msult of incorroct seloc-
tion of outdoor conditions can he dramatic in view of
energy and combort, IF some very conservative, extreme

* Cormespanding wuthar. Tel: +90 404 L4 00 X fax: 490 414 44 00
L1
Eeamell adre sx; alinamzharran ediwtr (M_AL Akucir).

%630 < soe fromt matier &) 30T Beevaer Lid. A D righis reserved.
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73

conditions are taken, uncconomic desim and over sizing
may result, IMdesign boads are underestimated, equipmeni
and aysiem opermtion will be affected. However, sclecting
the correct type of weather data is a difficult problem, To
overeane the prohlem, Yoshida and Terai [|] construcied
an auiomgressive moving average (ARMA) type weather
maridel by applying a system dentification techmigue to
the original weather data. Li ¢t al [2] studied climeatic
effects on conling load  determination in subiropical
regiong, They found that the outdoor climatic conditions
developed for conling load estimations are kess stringent
than the curreni ouidoor design data and approachs
adopted by local architectural and engincering practices.
Fogou and Stanmaiclos [3] provided a compamiive discus-
siom on the effact of climatic conditions on the design opi-
mization of heat pump sysiems and showed that climatic
conditions significantly affect the performance of heat
pump ystems, which should kad 1o markedly different
strategics for domestic heating and cooling, i an optiniza-
tion is sought on sustainability grounds. Lam [4] studicd
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climatic influences on the energy pedormance of air condi-
tioned buikdings and found that the predictions of annwal
conling loads, peak cooling loads and annual electricity
conaumption differ by up to about 1445, Balut et al. [36]
determined new cooling and heating design data lor Tur-
kiey. They used the current outdoor design data locally wed
and the new data presented in their studics [36] in onder Lo
cvaluate the influence of the weather data set on the beat-
ing and cooling Joad. They found up to 25% and 32% dif-
ferenoes belween the cases cormsidered Tor cooling and
Peating loads, respectively.

Cutdoor design conditions correspording to different
lrequency levels of probability For several locations in the
United States and around the word are developed by the
Ame rican Socicty of Heating, Reltigeration and Air Con-
ditioning Engineers, Inc. (ASHRAE) [7] Weather data
includes design values of dry balb emperature with mean
coincident wel bulb tempemiure, design wet bulb tempera-
fure with mean coincident dry bulb temperature and design
dew point temperature with mean coincident dry hulb tem-
perature and comesponding humidity ratio, These design
data are the oudoor conditions thal ar cxeceded during
a spocilied pereentage of time, Warm scason lemperature
and humidity conditions cormspond o annual peroentile
values ol 04, L and 2.0, Cold-scasonconditions are hased
am annual perocntiles of 06 and 990, The 04%, 106 and
20 annual values of oocurrenee reprosent the value that
oocurs ar is exoeeded Tor a total o 33 h, 88 h and 173 b,

mapoctively, on average, every year, over the perod of

meord, The skection of frequency as risk kevel in design
conditions depends on the applications. Representing the
climatic design data For several lrequencies of oocurrence
will ako enable designers to consider variows opemtional
peak conditions.

=

RLLLINL

Mo

=

The main goal of this study & to investigate the infleenee
al the outdoor design conditions selocted during sizing of
on air conditioning systenm. The amalyss comsists of thnes
min steps In the first step, the total conling loads of a
samph building are caleulated utilizing different outdoor
design conditions such as the data given by ASHRAE [7]
and the cument design data wed by project engineers in
Turkey [8]. In the second step, design capacitios of the all
air central air conditioning cquipments selocted or the
sample building are defermined for the variows outdoor
design conditions eonsidered in the study. Finally, cost
analysis of the air conditioning system & performed for
the cooling scason,

L, Dviseription of the smaple bailding

A high school bailding was selected in order to conduct
the analysis, The sample buikling is located in Adana, Tur-
key (36539 latitude, 35187 longitude and 20 m altitude).
Adana, an agnculivral ard industris]l centre and he
mation’s fifth largest city, & near the Meditermncan Sea.
I is hot and humid in the conling season. The sample
buikling has throe almest dentical Boors, Fig, | shows
the architectural plan of the first foor, The gross arca of
the building is 1628 m? and the outside surfaces of the
wiills are light colomed. The long sides ol the building [aee
north and south, The sample building is used as a high
schoo] and is occupied hetwoen O8:hand [ 700 h. The high
schon] has 2724 sivdents, 13 teachers, 4 offieers and 3 labor-
ers, The buikding has 14 classrooms, 3 laboratorics, § offi-
ces, | libmary, | computer oom and 3 comidors. The
building complics with the insulation requinement imposad
by Turkish Standard-TS #8235, *Themal Dnsulation in

Fig. 1. Archite turad plan of the sample hudding.
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Tahle 1

Crverall heat trarsfer coeflicems (L) of the sample Walding emvelope
Wall Foal Flaer Wincow

LWt K n.el .50 (.I57 )

Buildings' [9]. Tahle | shows the overall heat tramsfer coef-
ficicnts of the high school envelope,

3 Ooutdosr disign cond] tons

I the analysis, the various outdoor design condition daia
sets of Adana were wed. Details of the data sets are given in
Tahle 2. As shown in the tahle; there are five data sets. The
first data setis the cument outdoor design conditions (CUR-
RENT) [#]used by projoct engineers in Turkey, The soeond
and third data scts are outd oordesign conditions For cooling
(ASHRAE M, ASHRAE_I, ASHRAE_2) and cvapora-
tion systems rocommended by ASHRAE [T] at the 0.4%,
[% and 2% frequency levels (ASHRAE_EVAP (M, ASH-
RAE EVAP |, ASHRAE_EVAP 1), respectively. The
Fourth data set is the maximum dry bulb and wet bulb tem-

peratures, which are given by ASHRAE [T] at the 0.4%, 1%
and 2% frequency levek (ASHRAE MAN (M, ASH-
RAE_MAX_ |, ASHRAE MAX_2), mspoctively. The kst
data set is the daily maximuom dry and wet bulb tempera-
tures of July 2 st DALY MAX) as design day data, which
are caleulated from the metcoralogical data obtained From
the Tlurkish State Meteorological Servioe {Turkish initiak
‘D).

4. Adr conditioning system

The sample building is conditioned by an all air condi-
tioning system with constant air volume (CAY), The system
commonly consists ol anair kandling unit{ AHU §, airconled
chiller system, supply and return fans, duct and control
units. Fig. 2is a schematic of anall air central air condition-
ing system showing typical operating conditions, The
returied room air (state B ) is mixed with the required out-
door air tatate O at the air handling unit, The mixed air
{state M) passes through the eooling coil. The outdoor air
is wsually warmer and more humid than the eium air umder
iypical operation conditions. Therefore, the conling process

Tahle 2

Warious ouidoor design condiions for Adana, Turkey

ML Diescription of 1he data ==t Mame of ihe data s Exk kevel (%Y OB PO W)

| Currem desdgn (1 Bz W Bmax) CURRENT = 0 i

X ASHRAEcaling (DECWE] ASHREAE W 04 10 LG
ASHRAEL | b ILE
ASHRAE_} 2 11 i

1 ASHRAEevaporation (W Bl DB ASHRAE_EVAP_ 4 4 1T i
ASHREAE_EVAP_L | Rk} ot
ASHRAE_EVAP_ Y bJ g Mg

4 ASHRAEmax { DB maxsW Bmax| ASHRAE_MAN_ 0 4 | i
ASHRAE_MAN_ | EEN ¥}
ASHEAE_MAN 2 2 112 My

L] Daily-max | D BmansW Bmax) DCALLY MAX - 152 M

BMINING SECTION
EXHAUET

Retim Air

COOLING UMIT

RETURMFAN

Quoeding

SUPPLY FAN

g

Fig. X Schermatic of asr movemem of an all air conditonng sysien.
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O=Dhidaor ar
CeApparatus dew point
Relmloor air
M= Mixed ar
S=Supply ar

Sensible Heat
Ratx Lime

Absclete Hampliny |kpfkg dry air|

Dry Bk Temperature ['C)

Fag. 1. State paints of air during processing for summer operation of air
concitioning system an pevehometnic chan.

generally invohves both eooling and debumidification, with
the conditioned air keaving the conling coil at state (5). The
conled and dehumidified air leaving the cail at stale (5) &
then supplied to the conditioned space at constant air vol-
ume, whichisat state (R ), to complete the cycle. Fig. 3shows
the state points of air during the process For summer opera-
ticm of the arconditioning system ona psychometric chart.

&, Caleulation of cooling load

To design and sclect clements of a HYAC system, it &
viery important o determine the heating and cooling loads
af the building, Weather data are very important to com-
puic the loads accurately, However, selection of the most

appropriate weather data set can be a difficult problem.
Comventional Joad cakulation methods are divided into
tw o clasaes, ie. peak load cstimation and annual load sim-
ulation. Diurnally periodic weather data are uaed for peak
load estimation, but the cormelation of weather elements,
i, temperature, solar radiation, mosture contents, o,
can hardly be taken nio account. Refamenoe year weather
data are vsed for annual load simulation, but the results
can only give the seasonal summed load, no nfomation
being obtained For the detailed load variations owing to
the shortness of the data period [1].

The total conling load of a building consists of the exter-
nal loads through the building envelope and internal loads
[rom people, lights, appliances and other heat sources, To
design and select a properly sized HYAC system, the peak
or maximum boad for cach zone must be compuied for a
design day hased on the required indoor and prevailing
outdoor design conditions,

I this study, the indoor design conditions of the build-
ing wore chosen as 30% relative humidity and 26 2C dry
bulb temperature. The mdiant time senes method (RTS)
was used for caleulation of the cooling load. The RTS
vz thod, introdvced by Spitler et al, [10]and the 2001 ASH-
RAE Handbook, Fundamentak [7], & a new simplified
mears for performing design conling load caleulations,
and it was derived Trom the “heat balanee method'.

The toial and the componenisof the cooling load and sen-
sible heat ratio (SHR) of the samplk building caleulated
using the curment outdoor design data { Tahle 2) are given
in Table 3 For different hours ol the day, It @in beseen from
the table that the maximum total cooling load of the building

Tahle 1

Caaling laadks and SHRE for CURRENT data sai

Tame Paris of the cooling boad (W) Total cooling koad [ W) SHE

Exterml surfice Femestration Imternal source Serihle Lt Tivial

UL Té T4 4191 19051 i 19,050 L
Ui 1] [SE= AT s 16,751 i 16,751 L
i1 ] % 5 1577 14 457 i 14 45T L
a0 Eroi 4541 104 it | i 11540 L
ILLE ] L l4E Lt} 1571 i 11572 L
a0 RIS 15485 it b ALY i il B2 L L
L] T o B4 e i i M 1
[icai ] 458 L LY di 15 A2 154 14,735 IS &l
L] G 10 S0ATS Tah0 14,735 G, LA 84
[[i-L0] Gl 10660 A1 444 foeclnan 14,735 [ [ERd b 15
[FELT ) 43800 L. ] P ity 14,735 111 EM 0ET
(=i 15,850 4900 BRI 107241 14,735 121574 (152
[E-L1] IE, 11 S50 AT 449 (Rt 14,735 136, T1% L
14l Rt 490 B b LTI 14,738 [ i
1540 ju W ) 44 505 L3y (1] 10,71 14,735 134 507 (155
[0 i LY 10252 Sk 10 ET 14,735 7805 0ET
1740 i ) R | 0T O i} 14,735 [TRTA 0ET
(L] b Wi i) 15860 &5y i LB [HLT}
150 B2 i i 1515 ] et | i o] et | L
il KTIE [[EIN] bl b 4Xun i 41 im 1
A e 1] [ty T4k 1YY i L by [ELT)
e i L2095 11488 G360 ogpl i oo L
i o] 00, 165 oL Sk 13674 i AT L
A o T 1 [in i i) i xS [HLT)
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(12751 KW occurs at [0, While 3% of the total cooling
load isdue to windows, 1% stems rom the external surfaces
and the remaining portion & from internal beat sources,

Hourly cooling loads of the sample building were also
cakulated uvsing  different ouidoor design data seis
i Fig. 4). It can beseen from the figure that the conling load
is affocied comsiderably by the sclected weather data sel,
although the trends are the same. The maximum cooling
load is obtained with the data set of CURRENT. It was
followed by the data sets weommended by ASHREAE for
copling and cvaporation systems, mspoctively, The DAITLY
MAX and ASHRAE_| data sets produce almost the same
rizsuls.

The maximum design cooling loads and sersible heat
ratios (SHR) caleulated For all the outdoor design condi-
tiors considered are given in Table 4. As can be soen from
the tahle, the maximum design cooling load (12751 kW) is
abtained with the CURRENT data set. Table 4 also shows
the ratio of the design cooling load to the design cooling
load obtained fmom the CURRENT daia sei. The design
cooling load with ASHRAE 4, ASHRAE |, ASH-
RAE Y, ASHRAE EVAP_(M, ASHRAF_EVAP | and
ASHRAE_EV AP 2 is 2%, 4%, T, %%, 11% and 12% less
than the Joad with the CURRENT data set, respectively. In
the case of the DAILY MAX data set, the design load is
Found to be 4% less than that for the CURRENT data

—a—i L EENT
—— SR AR B
——DALY MAK
== A SEIAE_|

— A SHEAE_2

—— A S AE_EVAR M
e 5 E_EVAR_L [
=i A SERAE_EVAR_2

Fig. 4. Towl design cooling boad for oll design data ses.

Tahke 4
Total design cooling boad, SHR and cooling boad mto for diflerent data
sels

gtz set — SHR Coaling boad ratio
CURRENT 137581 I3 L
ASHE ALY 1M95 [IE=3 IR
ASHRAE_L 12158 LR 0%
ASHRAE_} 19 I3 [ILH
ASHREAE_EY AP 4 (] 0T a9l
ASHREAE_EYAP I [TREELY 0T [FE
ASHRAE_EYAP_E (TR 0T [T
ASHREAE_MAN (4 1595 IR iR
ASHRAE_MAN_1 12158 = 1%
ASHREAE_MAN 2 195 I i1
BAILY MAX 1X41 I3 1%
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Fig. 5. Ratio of weriher dependent boads to the total cooling boad for
ASHRAE data seis.

set, SHR is almost independent of the data seis wsed, and
it is about (.88 for all the sets (Tahle 4).

The sariation of the mtio of the weather dependent
component of the total conling load to the iotal cooling
load during the accupation period is shown in Fig. 5, As
can he soen from the figure, the weather dependent compo-
nenis comstitute approximately % of the total load.

i, Caloulation of design capacities of air condithondng
equipments using different autdoor design conditions

The maximum {design) cooling coil capacity (g
and the maximuom (design) supply air Sow rate { M) for
the sample building were calculated wsing the maximum
building cooling Joad (£ ) and sersible heat ratio
(SHR) given above, the minimum fresh air ventilation
requitement (M), the indoor and outdoor design condi-
tions and the fied supply air temperature 45 inpuil param-
ciers, Because of an itermiive approach roguirement in the
caleulation procedure, a compuier program was written
[11] for the caleulations,

In the calculations, the temperature of the air supplied
o the air conditioned space was selected 1o be 1650
According to the ASHRAE Standard 62 [12] ventilation
rate procedure, the minimum fresh air ventilation reguire-
ment for the sample building (A, ) was determined 1o he
000 b,

Table 5 givies the design cooling coil capacity { 3. g ..,
tortal and Fresh air mass Bow rates (M and M) and mis-
ing ratio (i = M_ /M, ) for all the outdoor design condi-
tions considered in this study. Bt & scen from the table that
the design conling coil capacity (18405 kW) and the total
meass flow rate (39525 kb required are maximum with
CURRENT daia set. Tahle 5 ako presenis the ratio of
the design coil capacity o the maximum design coil capac-
ity, which is ohiained with the CURRENT data set {eoil
capacity ratio), and the ratio of the total mas flow raic
o the maximum total mass fow mie, which is again
ohiained with the CURREMNT data st {fan capacity ratio),
fior all the outdoor design conditions corsidend, It can he
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Tahle 5

Design coaling coll capacity and ofher properties for diflerem duta ses for supply air emperatore of 1650

hame of the data st e itma (KW Lol capacity ratio M, 1kgfh) Fan capadty ratio M, (kgfh) & )
CURRENT 18405 Lo 1355 Lo T L0
ASHRAE 1458 [ LI 05 Tagd .l
ASHRAE_ 1452 o AT, 0.5 TiEs g
ASHRAE_Y 1461 Lk a5 0g T .4
ASHRAE_EVAP 4 1765 0.5 158158 050 Tas ni
ASHRAE_EVAP_] 16 0gz T [(ES T nt
ASHRAE_EVAP_2 6Ll 0. o | 0E7 T i
ASHRAE_MAK Y 158 ik LI ik T Ml
ASHRAE_MAN_] 1757 0.9 AT, 0.5 T T
ASHRAE_MAK Y I6Es 04z 68 05 TS M.}
DALY MAX 647 .85 AT 0.5 TEN Xub

scen from Table 5 that the ASHRAE data sets (ASH-
RAE_(M, ASHRAE | and ASHRAE_2) wed for conling
applications produce the minimum design cooling coil
capacitics. For these data sets, the design cooling coil
capacitics are approximately 21% less than that of the
CURREMT data set. In the case of the DAILY MAX data
set, which is obtained from the daily maximum dry and wet
bulb temperatumes of July 21, the design coil capacity &
[1% lower than that obtained from the CURRENT data
sxt It & noteworthy that one of the resulis given in Table
51a that the design coil capacity obtained with the maxi-
mum dry bulb and wet bulb femperature sslecied rom
ASHRAE design eonditions Tor the 04 nsk kevel (ASH-
RAE_MAX_H) & approsimately equal to the design coil
capacity ohtainad for the CURRENT data sct. This shows
that the current design conditions wsed in Turkey (CUR-
REMT) were possibly derived from the maximum dry bulb
and wet bulb temperaturcs, Inaddition, when the data sets
are compared, considering maximum (design) supply air
fow rate (M), the highest mass fow rate is again
obtained with the CURREMNT data set. Therelor, it can
be conchuded that the current outdoor design conditions
wed in Turkey for design and seloction of air conditioning
systems are generally stringent. The HYAC equipment
dsigns are oversized and comsequently uneconomic, Both
the imitial and operating costs of the air conditioning sys-
fem increas: because of over sizing the system.

T. Cost analysk of the alr condi thoning system

In this part of the study, the cost analysis of the all air
central air conditioning system is conducted for the CUR-
REMT, ASHRAE_(M, ASHRAE_| and ASHRAE 2 daia
sets, The results abtained for the CURRENT data set arc
only comparcd with the ASHRAE_(M, ASHRAE_| and
ASHRAE_? data sets doe to their lower design cooling coil
capacity compared with those of the other data sets

The air handling unit { AHU) and chiller system were
sckected from the products of a local HYAC cquipment
supplier. The AHU comains fans, cooling coil, filter, mix-

ing and cxhavst air elements, The total mass fow rate of

the AHLU for all the data sets is 40000 ke'h The supply
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and return fans in the AHU provide air and have 15 kKW
and 125 KW power mequirements, respectively, For the
air conditioning system, the mass flow mic is constant
throughout the aperation of the system, themfon, even
for part Joad conditions, the fans roquire maximum power.

For the CURREMT design data set, the net cooling
capacity of the chiller system under nominal operating con-
ditions (34 *C condenser air inlet temperature, [0°C evap-
ommtor inket and 6°C outlet temperatune) & 185 KW and the
power requircment of the unit & $0 KW, The compressor in
the chiller unit & eontralled by a five stepped proporiional
control system for part load operations.

It & clearly knownthat the com pressor in the chiller unit
uswally opemtes at part load under real operating condi-
tions hocause of the varying cooling Joad. Whenover the
aperating load is ks than the design boad, the capacity
of the compressor in the chiller unit should be reduced
by the five stepped proportional controller for saving
CHCrEy.

In cases of ASHRAFE (M, ASHRAE | and ASH-
RAE_Y the metconling capacity of the chiller sysiem under
nomiinal operating conditions s 146 KW, and the power
required is 66 kW, The compressor in the chiller unit has
a four stepped proportional control for part load
aperation,

The operating cost of the air conditioning systems con-
sists of the eloctricity consumptions i the fans and the chil
ler unit. The conling period for Adama covers |84 days
between April 15 and September 15, The daily operating
time of the central air conditioning system is 9h {rom
8o to 172000, The electric price is 0,10 /KW b,

In this study, the procedure given by Aktacir etal, [13]is
uazd o cakulate the seasomal operating cost of the air con-
ditioning systems. Fistly, the hourly cooling coil capacity
(.l for the 21st day of cach month during the conling
season was computed using the hourly cooling loads, Cal-
culation of the hourly cooling loads requires hourly outside
air data. Hourly values of weather data were caleulated
using 4 weather data mode] given by Bulut ct al. [14]

The coil capacity for days other than the 2st day of
cach month was not caleulated. Therelore, the results
abtained For the 2151 day of cach month were ntegrmted
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on an hourly hasis by the Simpson integral method and
scasomal average values of the hourly coil capacity {Qeau.)
were oblained.

Secondly, the variation of the coefficient of performance
(COP) of the chiller unit with outside air temperature and
the variation of COP with part load ratio were comsidened.
The part load ratio (PLR) was defined as

PLR = Ot /0 g (1)

where (Jag B the hourly cooling demand on the chiller,
which is approsimately equal to the hourly coil load (3 g1,
and Jgg g is the full cooling capacity of the chiller. The
automatic control system of the chiller unit will sclect a
suitahle operating step for the compressor depending on
the value of PLE.

Using the data provided by the manufacturer and the
hourly outside air temperatunre, bourly walus of cooling
capacity (2 ag) and power required { Fgg) of the chiller at
full load and at pant load (for cach of the five steps of
ihe chiller) were obiained for the 21st day of cach month
during the conling scason. Scasomal average hourly vales
of Gy and Paa ( Qe and Paag ) were then caleulated
utilzing the Smpson integral method. Using the seasonal
average hourly values of coil load {Qaay,) obiained previ-

ously and the chiller capacity at full load {2 40,0 and
the scaspnal avemge bourly part load ratio (PLR,.), the
scasonal average hourly operating steps of the com pressor
(5T ) were determined,

Finally, from the corresponding part load (aa.,
Fopayy and opemting times, it was posible to caloulaie
the seasonal energy corsumption and, then, the operating
cost of the chiller unit.

Tables 6and 7 give the scasonal average operating cost
of the chiller and the fams sclected for the data sets CUR-
REMT and ASHRAE_{M, ASHRAE_| and ASHRAE_2,
respectively, The scasonal average hourly part load ratio
(FLR,, ), seasonal average hourdy opemting siep (5T, ), sca-
sonal average hourly power requircment (Fag,,) and sea-
somal average hourly electric energy corsumption ane alao
given in the tables, The compressor in the chiller unit usw-
ally operaies at part load under real operating conditions
hecawse of the varying cooling load. It can bhe seen from
Table & that the chiller system sclecied according 1o the
CURREMNT data sct operates 1h at step 2 (23-3004), 4 h
at step 3 (50-T5%) and 4 b at step 4 (T3-100%). In the cases
of ASHRAE_ (M, ASHRAE_| and ASHRAE_ 2 data scts,
{Tahle T), the chiller sysiem operates 1h at step 2 (20
404y, 4h at siep 3 (4000040 and 5 hoat step 4 (B0-B0).

Tahle &

Sesomal average operating cost of the selected chiller and fars for CURREMT data s

Device (iperaiing Part load ratia, Ciperating sieq, Power required, Elecinic corsumpiion (iperating cosl
lime PLE Al P (W) (kW hvear| (5vear]

Chiller LS TRE ] 0.7 2 M 451 482
LS L L] 043 i 1760 i il
[ LrB R A 052 1 LCH I T4 Tl
[J R RS L] 0.5 ] Ll Tho TH
[J= LB L U] L 4 L 102 L
1300430 067 4 g 1,152 1002
420150 067 4 5551 10,1 12T
150 Jéa 068 4 545 10,240 1024
{5 LRE L] (L} 4 S5 (T 1
Total operatng cost of the chilker (Sfvear) This

Fams (T4 I - ns 45540 455
Total operating cost of the fams | Sfver| 455

Tahle 7

Seasomal average operating cost of the selecied chiller and fars forthe data ses AS HRAE_DM, ASHEAF_L and ASHRAE_Y

Demice Ciperaiing Pari load rati, Ciperating sieq, Pawer required, Flecinic camsumpiian iperaiing cosl
[ iime PLE Ala P (W) (kW hver| (5vear]

Chiller LS EIRE ] 043 2 il 411 43
LTS L] 058 3 L1 T T
(LB A L 3 L e TiX
[{RLR e i) 02 ] 4057 75 T
1510 0 4 ST 10,532 1053
130410 0E2 4 8147 M056T LT
40150 0E 4 8515 10,72 1074
(LB [0 0.0 4 S 10,722 10072
Il T 0T ] 4215 TR TIS
Total operating cost of the chiller (Sfvear) TaTh

Fums (T4 1 - ns 45540 455
Total operating cost af the fams | Sfvear) 455
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Tahle &

Initial and vearly o perating cost of the selected air oond it oning system
Cost Curremnt ASHRAE for

(5} all risk evel (5]

Imii il G4 615 ETR50

Wearly toial operating for proporisonal [l o] 12X

cominal
Yearly total operating for on—ofl conwal 1260 13000

Consequently, the chiller system never operates at full load
during the whole cooling season.

The initial and total operating costs ol the air condition-
img system ame presented in Tahle 8. When the system i
dasigned acconding to the ASHRAE data acts, the initial
cost B about 8% less than that when designed according
o the CURREMNT data sct. However, there is almost no
dificrence hetween the operating costs ol the air condition-
ing system with proportional control for all the data sets
considered. This & due to the Fact that the compressor in
the chiller wnit of the air conditioning system is adjsted
by a stepped proportional contral for part loads. Howewver,
il a chiller unit with on—off type load control is selected
instead of the proportionally controlled one, the operating
ot For the ASHRAE data sets & approximately 5% less
than that for the CURRENT data sei.

When the control systems are comparod for the same
design data, it is scen that the operating costs of the on—
off comtrol type are approximately 12% greater for the
CURREMNT datasctand $4% greater For the ASHRAE data
st than that of the proportional control type, In the cal-
culation of opemting cost Tor the on—off comml, it &
assumed that the maximum starting cumrent & five times
higher tham the nominal current.

8. Conclusion

In this study, the infeence of difierent outdoor design
conditions on coaling loads and air conditioning system
B investigated. It & found that a significant part of the
copling load depends on outdoor weather conditions, For
the sample building located in Adama, Turkey, approxi-
mately kalf of the cooling load originates from the building
cnvelope, which is weather dependent.

The findings indicate that the current autdoor design
conditions 1sed in Turkey for design and selection of air
conditioning systems are generally stringent. The HYAC
cquipments designed  are oversized and  corseguently
unoconomic. Both the inital and opemting costs of the

2ib'E Ny

air conditioning system increase hecawse of over sizing
the system.

It soem that the control system of the chiller unit, which
is the main component of @ HYAC sysicm, & of great
importance Ffor cnergy saving, Under real operating condi-
tons, the HYAC system operates at part load. Themefome,
aguipments that hwve a high efficiency at part loads should
he selectod. Engincers and building designers should select
and assess the appropriate outdoor design conditions in
ander o achieve aptimum air conditioning equipment siz-
ing according to their applications and acceptable risk lev-
cls. Dresigners and  engineers should  also comsider
additional operational peak conditions in the design and
seloction steps of the HY AL system.
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Fig. 1. Architectural plan of the sample building.
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3. EAMEI KA
Table 2
Various outdoor design conditions for Adana, Turkey
No. Description of the datu set Mame of the datu set Risk level (%) DB (*C) WB (°C)
1 Current design ( DBmax-WBmax) CURRENT - 380 260
2 ASHRAE-cooling (DB-CWB) ASHRAE_04 04 36.1 216
ASHRAE_] 1 M6 218
ASHRAE_2 2 332 223
ASHRAE-evaporation (WB-CDB) ASHRAE_EVAP_ 04 04 31.7 260
ASHRAE_EVAP_I 1 0.5 254
ASHRAE_EVAP_2 2 99 49
4 ASHRAE-max (DBmax-WBmax) ASHRAE _MAX_04 04 36.1 260
ASHRAE_MAX_I 1 M6 254
ASHRAE_MAX_2 2 332 249
5 Daily-mux (DBmiux-WBmux) DAILY MAX - 352 241

FESHT R, SR BTS04 Fl P Ak T H0ds o PRAH AR iR 2 4
Ho IERETERIIAE, HFHEANBENE. F-ABHENE R~ LRET
FE U A F 00 2 80 00 2 AbBETT 26 1 B8 R0 B = AN B0 I 2 T A2 R G A
AR EANRTE A, KPS ASHRAE FIL5E (70 A AE 0. 4%, 1%AT 2% A A T .
S5 DY A HHE 0 A2 A T BRIR AN B KR ERIR B, e AT i ASHRAE 73 3l ££
0. 4%, 1%F0 2% R N4 Y. &a— DEIRBE L 7 A 21 HAF 8B

H A& H fem TERIE S, HA RSN 8EmE T2 BEEER IR RS
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Fig. 2. Schematic of air movement of an all air conditioning system.
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O-Outdoor air
C-Apparatus dew point

R-Indoor air
M-Mixed air
S-Supply air

Ratio Line

Sensible Heat

Absolute Humidity [kg/kg dry air]

Dry Bulb Temperature ["C|

Fig. 3. State points of air duning processing for summer operation of wr
conditioning system on psychometric chart.

5. WHR A

Tuble 3
Cooling loads and SHR for CURRENT data set
Time Parts of the cooling load (W) Total cooling load (W) SHR
External surface Fenestration Internal source Sensible Latent Total
01:00 7603 7156 4193 19,151 0 19,151 1.00
02:00 G4EE 6379 3RES 16,753 0 16,753 1.00
0300 5496 415 3577 14 487 0 14,487 1.00
04:00 4600 4643 3299 12,541 0 12,541 1.00
05:00 3805 5148 3020 11973 0 11,973 1.00
06:00 3156 15469 3020 21.645 0 21.645 1.00
07:00 3177 21,635 2712 27,54 0 27,524 1.00
08:00 4498 26,535 46,056 62,354 14,735 77,089 0.81
09:00 GERE 32,806 50,675 75,634 14,735 90,368 0.84
10:00 9836 39.660 53,446 BR.208 14,735 102,942 0.86
11:00 12,926 45,601 55293 99,086 14,735 113,820 0.87
12:00 15,850 49,601 56,525 107,241 14,735 12,1976 0.88
13:00 18,383 50.906 57.449 112,003 14,735 126,738 0.88
14:00 20,349 49,099 58,064 112,778 14,735 127,513 0.88
15:00 21,693 44,505 58,710 110,173 14,735 124,907 0.88
16:00 22,325 39.252 56,028 102,871 14,735 117.605 0.87
17:00 22,132 35,331 56,173 98,902 14,735 113,636 0.87
18:00 21,098 IR 935 15,861 65,804 0 65,804 1.00
19:00 19.212 20.204 11.815 51,231 0 51,231 1.00
20:00 16,718 16.400 9192 42,309 0 42,309 1.00
21:00 14,210 13.704 7432 35,347 0 35,47 1.00
22:00 12,005 11,658 6260 30,013 0 30,013 1.00
23:00 10,365 9943 5366 25,674 0 25,674 1.00
24:00 HER2 T644 5107 20,285 0 20,285 1.00
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Table 4
Total design cooling load, SHR and cooling load ratio for different data
sets
Dhata set room LKW SHR Cooling load ratio
CURRENT 127.51 .88 1.00
ASHRAE_ 04 12495 .88 0.98
ASHRAE_] 121.98 .88 0.96
ASHRAE_2 119.20 .88 0.93
ASHRAE_EVAP (M 116.23 0.87 0.91
ASHRAE_EVAP | 113.85 0.87 0.%9
ASHRAE_EVAF 2 112.66 0.87 0.E8
ASHRAE_MAX 04 12495 0.8 0.98
ASHRAE_MAX | 121 .98 0.8 0.96
ASHRAE_MAX 2 119.20 0.8 0.93
DAILY MAX 122,51 0.8 0.96
130000
1204KH)
% 110000
=
g
= D000 A
B0
£ —— CURRENT
g 90000 —— ASHRAE_04 ]
- ——DAILY MAX
= —— ASHRAE_I ||
2 B0 lf —— ASHRAE_Z
E —— ASHRAE_EVAP_D4
000 —8— ASHRAE_EVAP_L [
V —a— ASHRAE_EVAP_2
SO0 4 T T T T T T T T
] a 1] 11 12 13 14 15 16 17
Hour
Fig. 4. Total design cooling lead for all design data sets.
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Fig. 5. Ratio of weather dependent loads to the total cooling load for

ASHRAE data sets.
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PR B THA G A1 SHR 2 55 R 4 4 BT R, BRIk A
fugy (127 .51KW) il id Har B A B . £ 4 R T R B
WG BTk A T R AN T IR AT 1. BTk A0 St Al ASHRAE 04
ASHRAE 1, ASHRAE_2, ASHRAE _EVAP 04, ASHRAE EVAP_1 #1 ASHRAE EVAP 2
FE 2% 4% . T% o 9% « L1% A1 12% kRl s 4L g o ) D
E DAILY MAX #4840 16 B0 R, Bk S ZELE 2 AT 22D 4%, SHR LT A 4k
WA, EEERHAREKL 0.88 . (K41
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AT EE A R K. R S WA T TANEENRITRITE, B
FEOLAE TR AL A B, DL RERCORIR A ML A, fEEIE T T E 4K

THRAF B 2 |l i R A 5 AT BUE HY ASHRAE i 415 00 K &ty 77 A48 1
B /NA B AT o T X SR A LG, X AN BV I BT AR D B A T Y
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BRON B K BROUR B B TE H R B ¥4 A A B AT LG 2 AT Mo AR T 11%.

Table 5

Design cooling coil capacity and other properties for different data sets for supply air temperature of 16 °C

Name of the data set Qi max (KW) Coil capacity ratio My (kgfh) Fuan capacity ratio M (kg'h) P (%)
CURRENT 184.05 1.00 39,525 1.00 79 200
ASHRAE_ 4 1459 0.79 38,720 098 T863 203
ASHRAE_1 1452 0.79 37,798 096 THER 209
ASHRAE_2 146.1 0.79 36,938 093 T909 214
ASHRAE_EVAP (4 176.5 0.96 35,615 0.90 TRGO 22,1
ASHRAE_EVAP | 168.9 092 34 8E6 088 7903 227
ASHRAE_EVAP 2 163.1 0.89 34,521 0.87 7926 230
ASHRAE_MAX_(4 183.9 0.99 38,720 098 7777 0.1
ASHRAE_MAX_1 1757 095 37,798 096 TE20 0.7
ASHRAE_MAX_2 168.9 092 36,938 093 TH5R 213
DAILY MAX 164.7 0.89 37,964 096 T834 0.6
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Table 6

Seasonal average operating cost of the selected chiller and fans for CURRENT data set

Device Operating Part load ratio, Operating step, Power required, Electric consumption Operating cost
time PLR,, ST.. Ponitav (KW) (kW hfyear) ($/vear)

Chiller 08 00=009:00 0.37 2 2458 4523 452
09:00=10:00 0453 ] 37.00 6B08 681
10:00-~11:00 0.52 3 k|2 T014 701
11:00-~12:00 0.59 3 39.13 7200 720
12:00-13:00 0.64 4 54.49 10,026 1.003
13:00~14:00 0.67 4 55.34 10,183 1.018
14:00~15:00 0.67 4 55.81 10,269 1.027
15:00-16:00 0.65 4 55.65 10,240 1.024
16:00=17:00 0.61 4 54.83 10,089 1.009
Total operating cost of the chiller ($/year) T.635

Fans ORA00=17:00 1 - 275 45540 4559
Total operating cost of the fans ($/yeur) 4.554

Table &

Imiteal and yearly operating cost of the selected air condittoning system

Cost Current ASHEAE for

(%) all risk level (%)
Initial 94635 BT RS0
Yearly total operating for proportional 12189 12230
control
Yearly total operating for on—off control 13.630 13.009

6 F1E 7 AT B HLALAE 24 A7 40 A ASHRAE 04, ASHRAE 1 and
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