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< SUMMARY )

Purpose &
Contents

Rising of air through the vertical shaft such as stair or elevator
due to the difference between indoor and outdoor in winter which
is dubbed, chimney effect, occurs in high rise building. Air flow
and pressure difference between compartments caused by chimney
effect result in negative effect on living environment, energy and
life safety system. For instance, chimney effect is estimated to
cause energy loss by 5~10% in high rise building. Thus chimney
effect control and reduction technology is a must to improve the
energy and environmental performance in high rise building. The
technology to be developed in this study is active method to reduce
chimney effect for improving energy efficiency and living
environment, which is designed to supply the air at lower level of
the shaft and discharge it at higher level in high rise building so
as to generate the air flow in the shaft that reduces or offsets the

chimney effect.

The study is aimed at developing and commercializing the

chimney effect reduction device as follows.

o Development of chimney effect reduction device designed to
supply and discharge the air in the shaft of high rise building
for commercialization and evaluation of the performance of a
30-story test bed.

- Establishment of chimney effect analysis technology and
analysis of chimney effect reduction performance

- Development of chimney effect reduction design technology
and evaluation technique

- Development of chimney effect reduction device and a
full-scale test

- Development of 30 Pa chimney effect reduction device for
commercialization

- Application of test bed to a 30-story high rise building and

performance evaluation 3




Results

Dong Hae Engineering

KICT

Developing and

Development of chimney effect
analysis technology and

Area commercialization of chimney .
. . evaluation of test bed
effect reduction device
performance
(Test product) (Analysis technology]
m Development of design ® Development of numerical
technology analysis technique
- Design of core parts such as - Application of network base
fan, duct, controller and air and CFD detail numerical
supplier analysis technique
- Design document and - Analysis of chimney effect
standard of chimney effect and reduction performance
reduction device depending on core factor and
Vear 1| ™ Manufacture of test bed building characteristics.
- Design & manufacture of a m Establishment of test &
10-story test bed performance measurement
- A full-scale performance measure
evaluation - Proposal of a full-scale test
- Development of performance
measurement technique by
analysis of absolute pressure
and relative pressure
(Manufacture of chimney effect reduction device and
development of chimney effect analysis technology)
(Commercialized product) (Test Bed performance
® Design & manufacture of evaluation)
cor}troller . m Application of Test Bed
- Chimney effect control logic .
] . - A 30-story building Test Bed
- Dynamic chimney effect ) . .
. - Design & installation of
control program depending ] .
. chimney effect reduction
on measurement of indoor )
device based on test bed
& outdoor temperature . .
] ® Operation & evaluation of
difference
Year 2 . . Test Bed
- Intelligent chimney effect . .
- Operation of test bed in
controller winter
®m Manufacture of the product ) .
.o ) - Chimney effect reduction
for commercialization
. performance
- Product for stairs - Construction & operation
- Product for elevator shaft A P
specification

- Catalogue & brochure

(Manufacture of chimney effect reduction device for
commercialization and test bed performance evaluation)




R&D accomplishment

Goal
Planned Accomplished
Chimney effect reduction
performance numerical
. . analysis depending on core
Application of factors and buildin
network-based and CFD .. &
detail numerical analysis characteristics
Chimney Y CFD-based detail numerical
technology .
effect . . analysis and pressure
. Analysis of chimney ) .
analysis . difference/ leakage air
. effect and reduction .
technique . volume analysis
performance depending . .
Analysis of chimney effect
on core factor and .
e .. reduction performance under
building characteristics - .
same condition as field test
and comparison with test
result
Chimney Design of core parts such| - Preparation of design
effect as fan, duct, controller document for core elements
reduction and air supplier Proposal of PLC dynamic
system Design document and control logic
design standard of chimney Chimney effect reduction
technology effect reduction device device design DB
- Design and manufacture of a
10-story (100 CMM, 20 Pa)
Chimney and a 30-story (250 CMM,
ff . P
© ec.t Design & manufacture of 30 Pa) test bed .
reduction test product Development of chimney
system test P effect reduction device
product PLUG FAN
Fabrication of PLUG FAN
performance test device
Chimney effect reduction
Proposal of a full-scale
A full- performance measurement
test method
scale test under a full-scale test
Development of ..
of erformance condition
performanc P . Proposal of chimney effect
measurement technique . . .
e of . reduction measuring test in
) by analysis of absolute
chimney ; a 10-story and 30-story
pressure and relative .
effect essuTe building
reduction p Chimney effect reduction
A full-scale performance .
system device performance

evaluation

evaluation in real building




Expected
Contribution

( Product ]
0 A circular chimney effect reduction system
- Fan and duct with air supply and discharge function in shaft
© Dynamic chimney effect reduction controller
- Dynamic chimney effect reduction program and controller

considering building height and indoor & outdoor temperature

[ System ]

0 Comprehensive chimney effect response system considering high
rise building and characteristic of chimney effect
- Comprehensive chimney effect response system comprising of
Passive control (airtightness improvement, wind-break chamber,
shaft isolation) and active control (air supply and discharge in

compartment, air flow in shaft)

( Consulting ]
o Analysis of high rise building and reduction measure
- Analysis of chimney effect based on chimney effect theory and
network -+ CFD numerical analysis
- Active & passive chimney effect reduction measure considering
the characteristics of high rise building
o Environment friendly certification including LEED and energy

efficiency

(Technical accomplishment expected ]

0 Committment to new concept and leading R&D effort for
chimney effect that affects air flow and pressure field in high
rise building.

0 The study has been underway domestically in 2000s within the
limited range in passive approach and various approaches and
integrated technologies to chimney effect are expected in this
study.

0 Technical improvement in chimney effect control and reduction
technology which has been considered the core factor in high
rise building has been made.

o Active and passive approach to chimney effect control and
reduction technology are identified which is expected to lead to

developing comprehensive and efficient technology.




(Social & economic accomplishment expected)

© Energy loss resulting from chimney effect in winter is estimated
at 5~10 % and the study is expected to save the building
energy considerably.

o Interest in Eco friendly certification such as LEED has been on
the rise domestically and the study on chimney effect in high
rise building is considered the critical factor and thus the study
is expected to make commitment to enhancing national
competitiveness in chimney effect.

© Amid increasing high rise building, job creation in the area of
chimney effect analysis and control engineering which has been
emerged in high rise building design and management is
expected

© Amid increasing people living in high rise building, demand for
improving environment and safety sector is on the rise and the
study is expected to provide optimal solution.

© Committment to improving living quality in high rise building by

providing comfortable indoor environment

(Use)

o Technology development with regard to chimney effect in high
rise building

- Core technology relating to chimney effect developed and
commercialized in this study would lead to localizing the
necessary technology which will enhance the international
competitiveness in the overseas market.

o Improvement of environment and fire safety in high rise building

- Development of chimney effect reduction measures using active
air supply and discharge in shaft so as to ensure comfortable
environment and fire safety are secured in complex and diverse
high rise building.

0 Reduction of energy and maintenance cost in high rise building

- Reduction of the problem with chimney effect in high rise

building as well as energy and maintenance cost.

Keywords

chimney high rise reduction haft pressure
sha
effect building technology difference
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1 | dluR mgo] Eofof @i}
2 | Azye A7 wEel £ D %ol Aok g}
3 | ARl ] Wl s}EA Aol =7 Holo} gty
715 €8 FANS 3035 AES 7Ie2=2 9 150~200 CMMe] &l &£8F Fo= 4
FET. a8la 305 Y AF YES Alo]=2E mE st tiEF 35~40 mmAqY Hdel 2™
Aow o + vk webd & 2-29 o] PLUG FANS Atd2 8 4 At
(3 2-2) PLUG FAN o A3
FAN TYPE PLUG FAN
FAN SIZE Impeller Size 630 mm
r Ei 200 CMM
% b 40 mmAq
5 E 3.7 KW+

PLUG FAN<S =4

AZET o= AN B
Ak 7} 0] B IUA Gl e de] AAEEA dm g add FANS /ds

A A ol nEE AF W AEE sford Aot

7h. BRAR Al WAL

PLUG FANZ A &ste o= dAA=

9] Flakt Woods, Y
(£ 2-3)

7H A R B

30 HSEU 3719 57| & Hi7|E SF LEU=olM e d==a M| T

o 2-4)9) ol

fEA o2 33| Q. H
o] Ziehl-Abegge 339 PLUG FANC©|
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AgEE R 719 G ol
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a4 vl

g

1 T —
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(£ 2-3] 34k FAN DATA

Fan Performance

M LTINS oo 0 Lo 8 SR A SRR B Bt B 200
Operating SF (mmowg). .. ..o oo oo 40
e R S T O e st st ometis 44
R e s e e e T e e b T 1175
Bt PEWEEE] - . ooy i s s e S e 8.3
. . Dpar. BHEIIWY =+ codivosivisiniaivizi 1.92
TwinCity Standard BHP MW) . ... .. ... ... 1.82
Skentliat s e P 0 Sl e B N R A
Cwtlet Velocity (msecy . .. .. .. ... ... P,
Temperatire (8. =/ oo ivis i v i em i 21
NI ITRY v 5 e rnemois rme i e o e e e e e ]
Dhaneity I o D e e T 1.201
Beoc RPM Sor Glasms. . ... ... oo s o e o i w0 s 17156
Shatic Effcharsmy. - sl S s e R 8r. 73
Mechanical Efficiency. . .. ............... 8r.73
Fan code Moter code Overall efficiency | Efficiency
grade
FC101 % N
GPPMA1-00063-110 | APPM-16-0550-30-02 66,3 71.9
Flakt Woods
Power input | Air flow Qv Pressure Speed
Ped
kW m=3/s psf r/min
5,189 3.549 769 1550
Ere
arlicle M1 & 114680/A01 | Portfolio STD-WW
JI= dlol”
2H ECblue
Fad - 3~ 400V 60Hz
ERECE S EE 50
GE Mo % 86.1
. S8 Nactt | Nearoet % 705 | 62
ZlehI—Abegg EP-2a~ = 2015 | ECE A0l
orille | influence OiLI2 | oI 2
= GlolE
H 25 (n) | max (N 1/min -] 1320
FH (fee) | () Hz 60 | 60
T4 (wx hxd) mm 760 x 813 x 670
HE 22 (m,) kg 64.6
k-factor nozzle 221 (k) - 381

PFPF_D0; Ano-114680; STol+0 %
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(£ 2-4) 34} FAN A% J4

Customer: Fan Tag: m?min .- _._. 200
Job ID: Model: 245 EPFN SP ... 40mmwg
1175
27 KW oo 182
TWIN CITY FAN AND BLOWER PERFORMANCE CURVE
—_ Outlet Velocity: - NA
= 807 5
= Density: -1.201 kg/m?
é 70 4 Corrected for:
E % width; 20%
e Mested Vane
L. « Outlet Diffuser
TwinCity 2 ¥
w
T Sound Power Level
T Octave _____ nfOut
o 77082
I A 83 / B8
= a0 84 | 86
= i 75182
= : : 75 1 78
% 19 H v 74173
! ! ' ! 67 | 66
y t t t 8 ___ .. B0 /61
A0 a0 120 0 200 Z40 280 in db re 10-5F watts
m?#min 2015-04-29 15:45
1400
T200
1000 +
— BOO
0
—_
o -
Flakt Woods &
= GO0
L1 (a]
200 4
L]
]

T3 e —
=27 = per

160 1320
1 fmin
%_
204 1200
70
& 50 10580
E
Ziehl-Abegg L —
15
8 a
750 \
gl
35
0.1 48
15
0 : : ; — : :
0 50 100 150 200 250 300

qv [m3/min]
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370 A9 FAN A5 E 43 2 23 §&2 TwinCityA7l 67.73% 2 &&°] 71 =%
3, Flakt Woods$}t Ziehl-Abegge <&F 66% Wz A2l vt} webd sl 7t
=& TwingCityAre] AF, 28l A2 v]ax|vt 7P H o2 9kt 9914 = Flikt
WoodsAte] A& WAk AlFoz A st

A

(¥ 2-1) TwinCityAl PLUG FAN EPFN 245 MODEL

(¥ 2-2] Flakt WoodsAte] PLUG FAN GPPM-1-00-063

A7 AE ZoA TwinCityAre] Zdo] tisled T A Elle] F=AEAX(KS B
6311 #3)= E&l (298 2-3)7 o] AFS AZs, AsS B4 oF
Lol 8% Hola Yvt. A7 AES 9 6% HE zo]E Hola Yed ol FEAIAR

2e] Heko]l g FE = Ao R ASHE oot}
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(19 2-4) DH PLUG FAN 630 Series °l7 8534

1 | WOTOR BASE ss400 | 1

2| womR 1| iwverTER

5 SUCTION S5400 1

4 IMPELLER SS400 1

5

6

SPECIFICATION

oee | YoLUME [sTame pRess [ RevoLumo
200 | 40 W — fpam

— 3.7 k: 380 VOLTAGE 4 FOLE

3 B0 He] 1750
TEM O F—1 [or] ¢ =

(NS0T A E A
=t DONG HAE ENGINEERING OO LT
[REV.] REVISION DaTE |DRawn  BY @ HONG.J.
DESIGN  BY ¢ KIMLJLI
CHEGKED BY : YUN.Y.G
APPROVED BY ¢ LEE.LY

™ PLENUM FAN

OUT LINE DRAWING DHPF-S5-$455-03

(¥ 2-5) DH PLUG FAN 630 Series LAYOUT
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A-1. EZCHD|2H : 101326Pa(N/ ') = 760mmHg = 10.332mmAq = 1.0332kgficil
bl

ol 2let 22 =P=S4 U= 26 =01* &I 2= x| H=H| S X0
P (mm Ag) = 0.00467* Ah(m)* At{°C)
P (Pa) = 0.00467 * g (9.80665m/s?) * 2Ah(m)* At{C)
EXP) G = H=Z21)|= £9.80665 m/s? ,
Ah= EHUZ2E 23 20|(m) Atz 2| 2FAH0] (°C)

A3. J|ZEZ==7:315m* 26 1= =81.9m, H2 25 &} 20°C(A!LH20°C, A! 2]0°C)

2 =stEe 3=l 0= 38 (-)
P (mmAq) = 0.00467*81.9* 20 = -7.6mmAq= -75Pa

A
+5E

2} 3712 57| & 71§ S8 1EH=0M

e
M
o

np MZias| R



—_—
CUNCSICH O
—_— ,mﬂ o) [Ho
%0 5 = W % T R <
~N X0 o = = = =
.W X = "R = N OC
o —_—
ﬂ%@ %o ] of %wwii
_ X . g T ! I| T %o w I o
i ﬁw O v i B oo o Y
| L EwEL B i | i s HR L
\ B I i) two g
] 7
21 5 Clpmw W o] el " o | LI
T < o e S .y
— [ - = H N =) = J L ol Ny e FL A
e =] F 1 o 6N —_— 7E - I TR ;0? 1FL
_..A. faareh Far ] _.m“_.._“_ ;I!,VI ﬂ ﬂ a ™ _w -- 3 ‘OI a o _li
[w] 3 ..qu.“_._ il _E ‘_Iﬁ_AI Mﬂ \.l?_mE ‘M ;Iﬂ_yl 7 B \m/m._ q m‘._ ‘WE
g W W 1 o o ojn 2 ol —~ T
o 5 . B —_ b e I o .
s T e P e e ) Ll O.t ™~ —_ i d' ‘q—0| S.L o
LH_ oy — ~o 2’ N Z.L 0 _ — 5 # o
5 | 3 < ﬂﬂﬂ all oK ﬂmuml
gt of Ho — = X il r X Ko o Mo ol
© s _ = i — i ol ! o !
« Mﬂﬂi% x _H_ Eoﬂtt%@_.
a o3 E ol o mw s o)
& Ty T o o . <G N oop o
> o - il M B X
= t d..._ m Bo qAro =0 — ﬂt.l CI S VA..*
K J <n o+ a0 T b
m LT Moy H I S
Ho or ; X s 3 <
t X W e X% < TS ooh @ R o
i T oy N —_ —
i W g RO OV oF v B qb
3 s a o " Rl
m: Ph g me Do E3 wmama@ﬂ
! [ = 3 —_— =
3 . i & % ww B Ar A = T 0T KN M M
i jim— e L 0 — S o= o i
R e T 3 MA T o . < - T = ML |
G A
i1 i OT N _— .q _&O o o
[ETRE] i 53 ~ o S
gt 5 B el (- = r = 0 of X . = 1+
T o o %%@ﬂrxm
oF = W W g ° T ) o#_.%%ﬂD
N — [ LE dl ~
o Ee R e 7__4%ﬂ%aA
T i [5) q ~ = oF 2 _I_ a
o--- ;| 3 Pegp® T F S N
: o T B W o NS o N o< iy B oy o
. = 1 PR = o - i ¥ Ui o
¥ & B ol T gl = < Ak o0
T i fuy B2 Ao N m KPR e
|.I.|I|I|H % i B! o W Wl o 3 . %0 o sl N
o R o AL ™ Wo .. A < Mo X ok N
g ~o _Aq O# o — (]
< Jo % o) do F 5
A NH T~ .H_Ol
N F R OR
.

37



s bl [0 51 ol e 1 3| (W B 10 55

B

Ak

mauwumﬂob mu@aaiﬂ%_/J
Y N[O e 0 -
233 trdsral
R = i AN O o X
T g W oop g T ook R
oo R A g 7 | FOEHN g xR
N oF o T & L S RO K = s e WO
m - < = PRl o gy o R
o 0?._ ~ o _.E ,UF i |l|:d= @ T ) lo X ‘__,._ FL
@ | o %o i o | gm - T om o oF 2L o
fill I —_ — (RS ) o
] — X ©° [ © 2 e ol B s oy =o NR
. N fvanl &o ! <l X = T
a| TFSR ' o T TN
= i ~
L 3 | N T
= = N 5 o 2 i o T ® bl SRR o
o <« —~— r ﬂl o oF
Al N xo b oW~ B
— M 3 — W oKX B O oF
o 0 No ~ 3 ~ _, W = 0
A T L O K 2p B T of
) = o A
ot o m MAI o o ar o X o
] ! or
d.Amnmm g T ; A I _ﬂeAﬂlmpn
aorm Clry b ;l ”_".a o#ﬂuuh og_m]
U 3 o™ &l N . - 5 ¥ o _W.L A e 3 M o
O e B C R I ~ Pl el g W a8 T oop N G !
al S o Il A LT g R Lo
il 1R~ i 1 S : . ar | O & N TR
Ul — K ﬁE .Xﬂ I X_l m ﬁ:._ ‘mﬂ . .Ur
n| g F ol g SE T < S
r 1%1&01]_.1_% - ﬂwﬂﬂWﬂaﬂx%
P —_— )
Toog S =y X oo T oy e NN
_ 3 w e o - N o
T Ry o A DS L Ry
of ZT._ ~ \_..,mo ot . Z_l ol ﬂ ("
M_I X %o 0 EE T~ a - _A_._
N~ ok Yo o ol m =l T o “MT_ <N T = o
_ o @ g * w| ®® T U oo g
T o o @l B W B
B oo ool oF o oL T R o= R’y
Mol Ly B ) i ol T o O
i al o s ‘mw _W ‘mw 3 dﬂ ﬁo ﬂ_‘lm FL \:0/ ~
o I S o< W Sy X
3 o o — O# ‘;lm_wb —_ A T % o) NE Oﬁ (=) :i Y
o | RSPET @ SRIE _m oS
* - Tl T4 B oo _ A
: " LR Ao T L o O o om & AR
__ W oo W e O
R R TR G Jop T e 0
— ok 5 — 5 %o o MR 2 o o) N
N - ® o o BT
%o o T T o . %o o ol Jo o
Yo o W MR o Fomr

oot

o

=
[¢)

b A sk AAZE 7

°

o

-

o] 7}

o AL dAMY 973
+RE2Y 719 7|

38



o

ol

ted 0.5~2mmAqg»]| 7k

k)

7] A2

S

E
ot

R}

Jo

A7 HHo=m 7h

e

o)

©

o
o
=
o
o)
T
ﬂ.ﬂ
H

T
Ho
ol
w

DFC(DH FAN CONTOLLER), <I#

e et

AlA ¢k PLC 7]

g, EC CONTROLG22 +

A<t

39



40

CV 3.5800aC

LF}'\N CONTROLLER

AFC-TA

ROCOF IIMED FLOW Fam{fFa)
—len | e
o — M cws 1, zmec
;MB% (S, +24, OW)
M= j—
25F L=
i i
24F n .
GF
I l
AF n a
u U
aF A
el B
‘\'E“"} CW= 1, 25x2C
- (S, +24, OV
HEtE -
(2" 2-6) =83 AAY 7| FedA 24

FREZL F719 27| Y w72

St 1

—

3 ITIV1,Dx2C
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XA A"l Fo FAFS AFH H oksFol AXHE AAATE U3, (2H
2-713 o] AtAM e AzE ol AWEA AsE HUFE DFC(DongHae FAN
Controller)) ¢ MUX(Multiplexer)2)7} 9ltk. DFCE DongHae FAN Controllere] <
Az 2 Alzdle] FERY FAolt. AAl hH el A4, FAN Hzel Altt, SMVDe] Atts
o] BT o] 7|geA] o]t @ MUXE dvrd oz thgstr], Multiplexergl 349,
o] AR SHE AsE B $54 @ F e AAE For 2 AFoA A
43 FAE A2V e FE AE TEE Fodste MEoze T AlzdoA g AlA

e 99 Wwol A5 E 2@t DFCE $5Aste AAE o, Hx= dHHe 2(Lut

(¥ 2-7) DFC P.C.B (Programmable Circuit Board)

DFCE 4 ~ 20 mmA9 A3E DC=E HlFo] FE 7]%° 93, o] MOTOR

INVERTERZ Bule] Z&8 02 FANS 75412 & 9lth. 283 Programming 7HA &
o] glo] Apgtel wel BE RPMS 248 ¢ A A=At

1) DFC# DongHae FAN Controller®] °bat2 £ Alzwle] slihul7] Alz=gle] Z3olth, 4/dw7) Alzwle] a4 7]ldtoln], AA| gt el
ARY, FAN Hz9l A, SMVDE AlRtso]l 5 o] 7oA o] Folxit},

2) MUXE gt e® tgsby], Multiplexergt b9, the] /pEA s ZHd ASE A0 $74 & 5 e XS 2drh & 97
i A8 Fu ADrgddre JE A FES Hofdle Hdeze drIe HE eI & AxMgE 98 Tot WS E 3ot

o] DFCE $lete AXE oy, Hz2 J¥de (Yo 3i¢)e] MUXE MUX, FHA - (34)9] MUXE DeMUXZ
27 gt
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W

| Define Variable 1 |

W

- e v
N

| Define Variable 2 |

S_DRI

| =31 | S_| (]
MDVF = 0 s F 1

[ psmvinmi=1ov | _~" Read PINVH PINVH

= PSMV(I"\I) oV
Sub Read PEMVN2I=10V PSAMVINMI=10V

—— -
é o

o | o ‘

P(n1)>MuBP(r]

&

\L MDP=MFBY
Repeat 30sec
SMDVM =0

‘ SMDVE=1 ‘ \
‘ S MDVM =1 ‘
5 MD\I’F =0
\i IN\.I" 0
|
| Return |
(29 2-8) d=&7 A7A¥ LOGIC DIAGRAM
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ZH EEH SAE AEHH SRR

R PART Ay FA&M CONTROL PAMEL(DFC) _|
HIV 2.05q R.5. T.GND MFE BYPASS | 2 HIV 2,004 V. W.GND)
Transtormer I

3 @80V THp

CWS 1 25><3C(S +24.0V) . . .

I LEBH HE (=2

Power Input
380/220

-|DFC—1E|WE::,$"
-

J| o= s'=_

TIY 1.023Cx1(16C)

(19 2-9) LIGIC DIAGRAM ¥ DFC 3=2%
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g AL A i 3
A w4 220V 60Hz
ZH] )
Qe 20W o]}
old= 1 : 8CH
Ak A A5 ] ]
HE=E p=R oA otel AAZ o
4~20mA*2CH 155, 2% R Tet o
dHAA (F) - N
" 4]20;; 2EH AH-50~ +50mmAq) <
tHAAM (A - A25 250~ +50mmAQ S A%
%.'_?__'j A~20mA o T H mmAaqQq)= H =
SMVD A% : 2~10VDC _
© 6OH AEdyo Me 215 2~10VDC*6CH 9™
UAE : 2 POINT (Dry
Contact)
ol 8] FAULT QI E oA AT HH =¥ IN
I EH RUN oY A 2135 "dd =9 IN
o) = Als
AR T S REAY L s aan 9w g0 9as wnow 2
=9
= oW E A Fuf
Lﬁgjlgv‘]‘);fT A7 AN YT e +A Farg 29
4
RS-485 #H24] Modbus &4l
Port
AN EA PortE o]&3sled PC(NoteBook)
o7 AF
1. g Mg
1-1. =44 48 Range A3 (0~100)
1-2. AFAH NeAs 7152 23 (0~100)
1-3. FE9H 48 Ad A8 A% (0~6)
1-4. #9473 (High-Low) / 9QE¢ £7]9 =t
oF A7)
EAMNog 435 H =
A5 3 N R
EENERLE
2-1. 4= AIA zk
2-2. AFAEH Mg (FF), AHE @9 AL
2-3. L(A)FHF T (JAAFYUES 7] 4E 4
)
2-4. A4 B (2, FA, o], BTl 4
E5 %)
3 €4
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|

MULTILIZER MODE
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|

(

a. SINGLIZER +d BE=

ol

b. MULTILIZER +d B=

o
o

ol
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ao

o5 Anh)e 9E Fx2=
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o
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oS 29 SINGLIZER MODE® Miltilizer mode? 4 ®=¢ Diagram< e

o
( SIMNGLIZER MODE }
L.

P
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(HH 2)

B3 L= YAl EFOl 2= 7| A|SHEK

= HIAA{ (0]

BASIC DATA

—

21 (Po)

W

CETEE (k)
CATRE (tdo)

101325
10
20

[Pa]
[*C
['Cl

ok o4 M

1203 [Pa]
507.5 [Pl

1202 [kg/ni]

1. &mpH|
a. AP =

NOZZLE DATA

1500 Pa
ap /1
1500 /¢

0.985

o= 0.992

o= 0.899

N

. Hj EFH|
B= 0

w
o]
ead
< X
-

= 0992

= 0596

= 0599

4. of x| A4
E= 1

5. 40lE=

a. Ds = 100
Re = 70900
= 70900
= 347591

b. Ds = 150
Re = 70900
= 70900

= 521,387

2EM E=

L& &7 X|E(Ds) 2 100, 150, 200 [mm]2 Fsl2,

*

287

pra

pra

2HEOME Dx = D32 A AtStAHLE B =0 22 ETCE )

HollMe E = 1.043)

*

*

+ 273.15
+ 273.15

YHH ololE=2 X = 5

R= 9.72 [)/kg-K]

~ 30 [C]
po

o HOls= +5 Tl Ofefet Zrt




64

cDs= 200 [mm] 2 Iof
Re = 70500 * Ds ooy AP * px Y/ 1 - Br4
= 70900 * 0.2 N 2000 * 1.202 Y/ 1 - 0
= 695183 > 12,000
6 FE A
Ho|s= (Re)7} 12,0002CI 222 =FZ D/L = 0.6 HBEICIH K A= Ofelet 2ot
a. D6 = 100 [mm] 2 Iof
C= 0.9986 - 7.006 /v Re Y+ (1346 Re )
= 09986 - 7.006 /N 347591 )+ ( 134.6 347,591 )
= 0987
b. Ds = 150 [mm] 2 if
= 09986 - 7.006 /v Re Y+ { 1346 Re )
= 09986 - 7.006 /¥ 521387 )+ ( 134.6 521,387 )
= 0.989
cDs= 200 [mm] 2 Iof
= 0.9986 - 7.006 /v Re Y+ { 1346 Re )
= 09986 - 7.006 /¥ 695183 )+ ( 134.6 695,183 )
= 0.990
7. HE3} L Zo| Q2
a. AP = 1500  Pa Y= 0.992
1) Ds = 100 [mm] 2 if As = 0.0079  [m]
Q= C * Aes * Y N2 * AP / p4 Y/
V{1 - E * 34 )
= 0.987 * 0.0079 * 0.992 N2 * 1500 / 1202 )/
V{1 - 1 * 0 )
= 0384 [CMS] = 23.05 [CMM] = 1383.13  [CMH] v = 48918226 [m/s]
2)Ds = 150 [mm] 2 if As = 00177  [m]
= C * As * Y N 2 * AP / p4 )/
V{1 - E * B 4 )
= 0.989 * 0.0177 * 0.992 N {2 * 1500 / 1202 )/
V{1 - 1 * 0 )
= 0866  [CMS] = 51.98  [CMM] = 311851 [CMH] v = 49.019894 [m/s]
3HDs = 200 [mm] Y i As = 0.0314  [m]
= C * Aes * Y N2 * AP / p4 Y/
V{1 - E * 34 )
= 0.990 * 0.0314 * 0.992 N2 * 1500 / 1202 )/
V{1 - 1 * 0 )
= 1542  [CMS] = 9252  [CMM] = 5550.94 [CMH] v = 49.081116 [m/s]
THEEW 3719 27| ¥ H7|E S8 1FHFMO| HEEnt MZHAd| T




b. AP
1) Ds =

100
C
v o
0.987
v
0.282

0.989
v
0.635

200

Vo
0,930

v
1.130

100
C
v o
0.987
v
0122

0.989
v
0276

200

Vo
0,930

v
0491

800  Pa Y= 0.996
[mm] 2 As= 00079  [w]
* As * ¥ N2
1 - E * Bra )
* 0.0079 * 0996 *v{ 2
1 - 1 * ] )
[CMS] = 1690  [CMM] = 1013.96
[mm] 2 As= 00177  [w]
* As * ¥ V{2
1 - E * Bra )
* 0.0177 * 0996 *v{ 2
1 - 1 * ] )
[CVS] = 3810  [CMM] = 2286.15
[mm] 2 As= 00314 [mw]
* As * ¥ N2
1 - E * Bra )
* 0.0314 * 0996 *v{ 2
1 - 1 * o} )
[CVS] = 6782  [CMM] = 4069.34
150  Pa Y= 0.999
[mm] & [ As = 00079 [m]
* As * ¥ N2
1 - E * Bra )
* 0.0079 * 0998 *v{ 2
1 - 1 * ] )
[CMS] = 734 [CMM] = 440.61
[mm] 2 As= 00177  [w]
* As * ¥ N2
1 - E * Bra )
* 0.0177 * 0999 *v{ 2
1 - 1 * ] )
[CVS] = 1656  [CMM] = 993.43
[mm] & [ As= 00314  [m]
* As * ¥ N2
1 - E * Bra )
* 0.0314 * 0999 *v{ 2
1 - 1 * o} )
[CVS] = 2947  [CMM] = 1768.31

[CMH]

[CMH]

[CMH]

[CMH]

[CMH]

[CMH]

AP

800

v =

AP

800

v =

AP

800

v =

AP

150

v =

AP

150

v =

AP

150

v =

/ 1.202

3586147 [m/s]

/ 1.202

35.936002 [m/s]

/ 1.202

35.980883 [m/s]

/ 1.202

15.583416 [m/s]

/ 1.202

15.615804 [m/s]

/ 1.202

15.635307 [m/s]

)/

3/

3/

)/

3/

3/
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BT AN Y B NE U 2y

AP (Pa) 1500 800 150

2 A 100 150 200 100 150 200 100 150 200

= 2 1383.13 311851 5550.84 1013.96 2286.15 4069.34 440.61 993.43 1768.31

(CMH) 1300 3000 5500 1000 2000 4000 400 300 1700

2000

=
=

3000

4000

5000

6000

7000

8000

9000

10000

11000

12000

13000

14000

15000

Wlow|@|e|wN]|~N]|la|lv|[uv||lblw] NN

16000

17000

18000

15000

20000

21000

22000

23000

24000

25000

26000

27000

31000

32000

33000

34000

35000

36000

37000

le|lw|lw|lw| || N|N]O| |||l ]|lv]ls(lA]lElRl | wwwIN NN (N ===

38000

358000

40000

41000

42000

43000

44000

45000

46000

47000

Cle|lw|x|xm|xw|w|(N]|~N| N~~~ ||y ]lAe|lA]lA|AlWlIW]IW

48000

100 150 200 100 150 200 100 150 200
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3 PLUG FAN 7|4

12 Aol A Fafst 4k AlFe] H2E A3y <o (a9 2-1)¢ vl TWIN CITYA
AES F&o| M =, ASo] Hojx E Aujd A&st=dH Qo] AAdS Felskdtt.
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72t 22°,
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(9 2-28]) ¥l= TwinCityAl 48 2 EFol=

4

&
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Elol=e] 4% Zhmd 9
Line) <& E%lA 9]

Betal = 22°
Alphal = 86°

(29 2-29) v]= TwinCityAl Edlol=9]

Z} A&ET 23 ul / u2g ol &3l wkAagweo 2o &
=2 vlim, v2m= T3t o] weo] F#FE 200 CMM(m'/min, Q), F¢E 40 mmAq ©|
o}
3.2 T%F

3.2.1 3|A&E%E ul

oddly W7 440 mm (D 0), AEE 1170 rpm (N)E o] &3} uls F3HH

:7‘(‘ [ ]

11
e N=m ¢ 044 70

60 26.76 [m/s]
3.2.2 3 AEE 12

odegl 97 630 mm (D 2), IAEE

1170 rpm (N)E o] &3] u2E F3sld
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11
=me ,eN=m -+ 063 e 650 = 38.76 [m/s]

(Z2d 2-29)°lA v} SlRo] S AA4E S A=ste] Vim, V2me 247 7544,

vim = 10.5136 (m/s), v2m = 7.2593 (m/s]E& 7& T Ut} o= ot F4 2

T Agtel Zhsstth. o o 2789 F(b1)2 230 (mmloltt.

@ Q 200/60
U T 4T ma D, e b, w044 e 023 8lm/s)

Q Q 200/60
= — = = — . 2
Yam = Ty T eD b me 063 0.23 7.32[m/s]

S5 24719 = o4
vlim 10.5136 10.48 0.0336
v2m 7.2593 7.32 -0.0607

et 22k 0.0336, -0.0607- ALY UEhde oY &o FRS] o7 &
< A9 F 9, = AP 98 Fazl vim, v2me #e 5E FF 200 CM
sty des 4 & Ao
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3.3 8

dES FANS F8 AL F stz d4F Al el dAdn. 48 AsE &8 v
Ns) B JHEE(u2)E Fsto] ddele 97 A58 5 3o

e ASE gl (e p)B B 7T 5 da, gHue el A<l
A g & ook B e 2R F¢e 40 mmAgel R, XA x 15/)-% wedshe] <k
2 (PS)E 46 mmAq=z Ao 4 gt} wakr gEu|= olge} Zot
S 46
=1 =1 = 1.0044
T 10330 T 70330 004453
2] (e p) 2 olel o} o] 4 AFE T 4 vk,
P = ¢, —1=0.001272
3.3.2 H|l£=(Ns) ¥ 3HE=(u2)
H &S Fal7] Y8 gEEF(H) 7 .79, weby dEeEFe g3 2o
H= & x 10330 1.2 = 0.001272 < 10330 1.2 =38.27 [m]

0.286 0.286

b H]&=(Ns)= ofgdlet 2ol #+& 4 Q). o] u TS 222 CMM(200 CMM +
0.9), IAF(N)S 1175 rpmo|t}.

_ Q _ 222 _
N o= N> Sy =T T, = 1188.32

FAN® 3HdEE(u2)= HEE(Ns)E o o3l ofgie 22 2oz 3
Ku2 #< 1.38% 3},

et
-+
30,
*
)
£
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= u, X 2gh = 1.38 X /2 X 9.807 X 38.27 = 37.80 [m/s]

3.4.1 CFD TOOL

EE7IA dldo ®o] Algstn U= 48 software 91 CFX 16.1 A&
A 323 AA dlols= i Navier-Stokes Equation solver

- 4F 249 - Shear Stress Transport =4 A&

E i s I

3.4.2 CFD A4 v

- ARG A

o

CFD Atd e 7= A4
BRE AEFY 1 Ho] 9, FF
o YA = ATt

12 AA A7 279 {50
BAZAY] BEFAdoR 519
2 &A AL Fdstean g

(29 2-30) % 9

12

ha
o
)
BN
By
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74

D AN #2A

AR EA (A4 E 1184 rpm)
D A= EA

mass flow rate 7|&

e A7l FAA 5ol
c. =T BA=xA

Outlet : Staic prresure, latm
d. 43 A =z

No slip condition
e. 97 FEIAT 42§59 2 FTRE 9 Aolg FAH
A7t dHe AW Frozen mixing
gAeish 7

HE

L

: Stage mixing

- F AA% 1 < 100

T~ 500 ®HAR

e Fi F=2 FAt

+HERY B0 F7| YL IS £

=1 XZHdd| i



3.4.3 CFD Z3}

olmip] L7l =7F A Hoj|AM X contour ’

Total Pressure in £
Contour 1
102200.000
102100.000
102000.000
101900.000
101800.000
101700.000
' 101600.000
 101500.000
101400.000
101300.000
101200.000
101100.000
101000.000
100900.000
100800.000
100700.000
100600.000

[Pa]

With wall Without Wall

(198 2-32) Total Pressure Contour

For g o7t A vEbe Aot

olmlp] L7l =7 ATH oM SI3HISE £ & Contour #

Velocity in St
Contour 1
12.000
8.000
4.000
0.000
-4.000
-8.000
-12.000
-16.000
-20.000
-24.000
-28.000
-32.000
-36.000
-40.000
[m s*1]

With wall Without Wall

(¥ 2-33) Radial Velocity Contour
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ine)

| 57t 23 HO|AM FM(Streaml

Lk
=

2

Without Wall

With wall

(¥ 2-34) Streamline

ol

£ (streamline)

AN

2 3712 |71

A
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3.5 VANELESS DIFFUSER

PLUG FAN EZ F&d W& 9% dt= VANELESS DIFFUSERe 3z 274

okglmo] Eo] 9t} VANELESS DIFFUSERE 27] AlolE B33 1o FAS 4A 3
TS Fo] £3HAQ S AAATE IS ). olul f5o] Y FolEA FH =
ol ¢ £4& ZFoFo] FAN 885 o= Aot}

VANELESS DIFFLSER

(¥ 2-35) VANELESS DIFFUSERE &3 A4

ot

3.56.1 £4 Z3}

A= A dulel FAN F &89 2 v3 TwinCity el PLUG FAN= 43 A3
o
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(& 2-12) PLUG FAN AMFE

Tt Ei © 200 CMM
% e : 40 mmAq
3l A+ © 1175 rpm
Yz A7 630 mm
B2 25°

Fe 2.1.1% oaf 24zke] B 2¢ o vim, v2m, FF(QE (& 2-13)¢

m

917 B_2 B_1 v_2r v_1r Q
mm deg deg m/s m/s CMM
718 24 630 25 22 7.26 10.51 200
T 7} 648 29 26 8.33 12.3 235.99
8= =7} 666 33 30 9.36 14.03 272.47
B 29 712 Qs FHFS LA A FrtHE AL B £ AT, gwt 9AE Zo] 9
‘/}74] HEY ol E 630mmE A AT AS FEol a2 ¢ U Aolth. thvk A3k
& BURYW B 27} 2/PRSE FPo] Bl AL WAL 4 U

g AFS I VANELESS DIFFUSER ¢ INLET/OUTLET GUIDE VANE
& 715 HAET 4 vk 3 PLUG FAN 547 wlgd dxsle=z H}
Hel digk WAL G35 FAE F §lE otk wEtA ol & WAEY] 98 shRel 94
+ Cut off & InvoluteE A& A5 = AEL + Ut o
st (F 2-14)c2 FgTd 5 U}

Ll oBL 1% o
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el
DO
L
=
l:q.
o
tlo
o|X
)
>
)
)
do
r
A
N
s
Apx
juld

No FEE WA al
1 VANELESS DIFFUSER
2 INLET GUIDE VANE
3 OUTLET GUIDE VANE
4 CUT OFF & INVOLUTE
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3.6 A5 Ad

3.6.1 DH PLUG FAN 630 AlAl#F

= TwinCity FANS E 2 A &g AAFe] 12k AsAl@olAe]l 23 oF 58% H =]
EE5S YT, dAEe E80] & 68% FW Ao Hl&E HAEd] “Eke=d ] o]h Q] =3
E By FF5 AE AXAA AlFsiRE AFoltt. 28y PLUG FAN 5474 47 JH
o BE AolE e Aolele Aumel (98 413 del §9 A4 el E5 A
FAE =

l
d A A, ol FAFAL B TF AR AAANM A5 S skl

=
st 40 (mmAql¥ ®f F%Fol °F 160 [CMMI(&AEFS 200 (CMMDelAx, FF

200 (CMMJY of A<ste]l oF 20 (mmAqlE YWEJAE. d F92 1.53 kW), 1.2
(kWI]E 247} detfe] dAF< 1.92 (kWlEHY AJo. (£ 2-15] #F=x)
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F0.0 - - 1.0
60.0 - - 03
500 - .08
o
CéF pr—
400 - - 07
=
m [ ]
e =
300 - - 0.6
A
. %
200 - L a5
100 - - 0.4
0.0 | | | | 03
0.0 S50.0 100.0 1500 20000 25000
=2k CMm
(¥ 2-37) DH PLUG FAN 630 Series A% 24
(¥ 2-15) DH PLUG FAN 630 Series H2~E A3}
Pt Ps(®# <) Q(EH) H nt(2& N
No. mmAq mAq m'/min W 0.000 rpm
1 60.1 59.8 53.5 890.8 0.590 1180.0
2 55.2 54 .4 103.4 1452.3 0.043 1180.0
3 51.9 50.4 135.5 1660.3 0.692 1180.0
4 42.2 40.0 162.1 1541.6 0.715 1180.0
5 38.7 36.2 171.7 1498.5 0.724 1180.0
o 32.8 30.0 183.4 1382.2 0.702 1180.0
7 27.7 24.7 193.4 1282.6 0.683 1180.0
8 22.0 18.6 205.7 1152.8 0.042 1180.0
9 16.5 12.7 215.1 1021.4 0.569 1180.0
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DH PLUG FAN 630 AlAZ&9] A %ol

3.6.2 HIEE

Vaneless diffuser® &

2]

Fieh.

&l

2-16)¢} #Zo] HEEZ 3

it

I
o | o
o |~
T | o | N | H
= |m | B E |
o A |
N N
o | ofn
A |
T | ® T
L v I BN
(o] (o] ‘mL (o)
0 0 o o0
o’ o’ o0 o’
<t <t - <t
] o .
AR NI I
L RN I~ |
NN | R | N
51 I ) I o BT
R
T T || T
o | oo | |

A
GG - cTy
| onr | B
of | of o
+31313|3
o R R R E
b ||| ©1 | ®
| S| S S]3
(@) (@) (@) (@)

—_

3.6.2.1 CASE 01 - ¢

o] B27F 25°¢1 A= 29°,

EYol=

=

1

]

H
=

oH
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80.0 - i - 10
700 - e
60.0 -
- 0.8
H
2t | 500 - \ [
e X A \ 07 |
S
m | 200 - =2
m
\ \ - 0.6
» 30.0 ' I
el %
g iy
- N
- 05
—J 200 - :
100 - -0k
0.0 : : ; . : 0.3
0.0 50.0 100.0 150.0 2000 250.0 300.0
= 2F [CMM]

(227 2-38] CASE 01 - E#c]= Zt= ¥sle] @ gHxE A3}
* HHEE - 7|2 721 HEEE : 4 57 HEEE : 8° 57}

=43 718 e 4° Z7} 8° =7}
ALk E%k

e 171.7 190.2 219.6
(CMM)

Aok A o}

te 24 36.2 54.1 54.1
(mmAq)
& (%) 79.4 71.1 71.9
= 9 (w) 1498.5 2488.4 2912.9

b) AFEAA M o & A
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gl Bdol=

o] ]
o=

1.3.4.2.2 CASE 02 -

Fhtel 2t

33° & <

A2 29°

°2

o B27F 25

Vaneless Diffuser

=

my

Gl

—_

°
iIN

olp

4

uy

Y

o]
S

al

2t

k=

€]

-
|

w712 9

q

o

EXINED
= & o ~ o o =+ "
= [ =] (=] o o L] =]
= = = = = = = = =
= = =) ==} =} =} o=} = L=}
o - (=} w Lo [1p] [} Ll
H K03l | E E a o _

3000

2500

100.0

30.0

350.0

200.0

[cMmM]

150.0

0.0

]

’ .

(9 2-39) CASE 02 - Eglo

=7, AHHENE : 8° <7}

HENE - 4

7

=

_—

* HAENR

+N82UY 2719 271 % HIIE 5

86



VAMELESS DIFFUSER %

.':_l:._r_‘1|_|:|‘r'1‘q'

coooooq

00000 0a0c

::‘.L_l [sReNaRsRefalafale

a) Hx g& A 4

B4 718 7= 4° =7} 8° =7}
N

e g 142.6 199.5 296.9
(CMM)

AFoF A oF

te A 50.1 55.8 52.4
(mmAq)
e (%) 73.1 73.8 73.4
= 2 (w) 1648.9 2600.2 2835
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8° &7}

248.1

40.0

66.6

2698.7

4° =7}

232.8

40.0

67.8

2466.7

M

N

ol

163.7

40.0

73.0

1530.7

X

0

ui

o
Ho

=0

(CMM)

oI
X0

=0

(mmAq)

(w)

T

—_
o

of
oM
B

ol
L

o

BN

i~

H

—_

1.3.4.2.3 CASE 03 - ¢

or

o u}

|
—

| 544 vl 427} 9

A X

PLUG FAN

i,

S

s} 804 53

14
il

= 71

=13
=

2| 7Y

X

__ou_

oflAf2] ¢

ujn
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80.0 1.0
700 - B
60.0
- 0.8
A
oF | 500 - =,
F07 | =
e =
m | 400 - =
m
- 0.6
A 30.0 I
T %
E Pl
—
L 05
) 200 -
100 - B
0.0 : ; ; : : 0.3
0.0 50.0 100.0 150.0 200.0 2500 300.0
=2k [CMM]

BOTTOM CUTOFF

(28 2-42) CASE 03 - H}

A8
N
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e

)

e o

e = 3 31

[

70.0 -

60.0 -

500 -

400 -

300 -

200 -

10,0 -

0.0

- 10

- 0.9

- 0.8

- 0.7

- 0.6

- 0.5

- 0.4

[ =2t cvm) |

0.3
300.0

* HHEN - D=

(19" 2-43) CASE 04 - E#ol=
(2g7] B BEE 7lol= F

, INEN : 4° =)}, HIHENA : 8°

P sl

o ot |
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(¥ 2-44) CASE 04 - EZ 7lol=
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8° St

216

57.1
74.6
2861.3

4° It

198.3
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76
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75.9
1566.3

[
0

il

4

0

=

4

g (%)

o0 0O

r [@))
N L0 <t 8
: o . (@)
CIE[F ]8]S
(o]
0 N N
~ | o - | =
NJo — o : L~
o | Y| 2| &
o
<t N N
Ul o |
AR ER:
© <t
o ~3r 2l & | B
R i =R < S| E
|y Sl E| a
g [9° Of9° g
_ |
~ ~ ~ %‘,L

of
N
Nlo

H
N~
ol
KH

o

Hr

AN

o
A
]

N
o))

EHol=

bl 718 2o
93

o

Fol=g 47

=

IR 2 EE

1=

=

sae wst n

= %Z}-O

=

SR ENCEY

=

]

,/’:O



)

3.6.3 HEE

A= ARFAA (400

[}
Gy

o]
=

A &

22 (B2)7F 9

=9

2 =]

o] )
o=

PLUG FAN¢

PLUG FAN #%

=
T

H 4-10]9 2" dAA st w

EXINED
wd - = o o r 0 in o o
L= e - =] =] =] =] =] =] [
J
o o = e o o o =
=] = o] =] = =] =] s
22} = w u = oy =

ﬁ 0Bl | E E 2 o

e 20.0 -

2500

100.0

300.0

50.0 1500 2000
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+EZ7lol=
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olp
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198.3

55.1

76

2482.9

199.5

55.8

73.8

2600.2

X
L

nk

190.2

54.1

71.1

2488.4

o
Hlo
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(CMM)
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=
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3.6.4 FTAUF7IH AR AFHKTC, FF7AAZ| AR EATD)

TAJSAIZ 7] KTCollM e A1 232 AAAD A¥et vlus st

1000 100.0%

—+=EAR A" E —d—KTC A 23

200 +———

80.0 80.0%

o L
oo f it ] 1 N 85 N S o~ T e e o

129
A%
N
N
v
“

N
I
Ld-dll

mo ot

50.0 £ B 50.0%

L |
-
(=)

(2 » 3 3)
&
[=]
&
2

30.0 30.0%

200 20.0%
A . o S N N I I ] Y
10,0 T T T \ 10.0%
T t T T

0.0 T T 0.0%
0.0 500 100.0 150.0 200.0 2500 300.0 350.0

S (CcMm)

(2% 2-46) KTC Al@ A3 v

At 40(mmAqglalAe S ok 228 (CMMICZ ZHEAT, o] W E&L 67% A
T ugor Hu &L 74% olAut. aga o] W] H%H e 2,42 kWelt}.

webd (E 2-16)9 Zo] #FA9 2% PLUG FANS &8 73.8%(FEG 71)9 A%
2 WSt
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(% 2-17) KTC A8 A2x8%

1 67.7 66.5 120.5 2118.0 0.6282
2 67.6 65.6 154.7 2401.0 0.7099
3 62.4 59.6 183.8 2533.0 0.7382
4 49.8 46.0 2154 2484.0 0.7047
5 44 .2 40.0 227.7 2419.1 0.6717
6 36.0 31.0 246.0 2322.0 0.6225
7 35.0 30.0 248.1 2307.7 0.612845
8 23.6 17.5 274.3 2133.0 0.4953
9 8.9 1.4 304.3 1831.0 0.2428
(3£ 2-18) PLUG FAN 53 ApSsE

FAN TYPE : PLUG FAN

FAN SIZE © Impeller Size 630 mm

Fr Ei : 200 CMM

% b : 40 mmAq
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K
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qg
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e
H
(@)
ol}lr
X
.
=2
>

=89 AAFAY FFHFS 300 CMMZHA F7HA17] 4
o] ¢¥o] 0.6 Pa® Fol5oA AEFH dFE loAle A= tL%\ﬂr.
(£ 2-20)(b)= W3AFES] %?7} 10—1 yiewst 1
I, [(E 2-20)(c)E WF==7F 20T (F 2-20)(d) & WHE=
FH2A koA AAIG WE&H fALEE FolE Bl Fa Ut}

oo e

(29 2-67)2 U AE5=E S7F 1059 A F dalA (& 2-20)9 238 1
2 Yehd Folth, agZoA XEFL 38 A58 AR $FHFS e, Y=
S YHex Z52 HASQ 105 AdedAe 485S 247 ousig. add el Zeo] HF
g YJEE7E FoiR|a YFE=r) e Ao tgstEs 2¥ehH I A Y
105 Ad 4ol =2 & U=F FAASAT. ol¢t e O =Z2HH 105 F=9 A=
oA AAZAQN AAJNAY] HHAE AGFE 4 lu, ] w2 FFF] AARE AA T
T U

(£ 2-20)(a) 105, WEFL2= 10TCY A¥
HAZE A 4= (Pa) [ 105, WH2% 10T |
FE-2% (1)
PR =20 -15 -10 -5 0 5 10 15
%% (CMM)
0 18.3 14.8 115 8.4 55 2.7 0.0 -2.6
50 17.7 14.2 11.0 7.9 49 2.2 -0.4 -3.0
100 16.1 12.7 95 6.4 35 0.7 -1.8 -4.3
150 13.6 10.2 7.0 4.0 1.1 -14 -4.0 -6.6
200 10.2 6.8 3.7 0.7 -1.9 -45 -7.2 -9.7
250 5.8 2.5 -0.5 -3.1 -5.8 -85 -11.2 -13.8
300 0.6 -2.3 -5.1 -7.9 -10.7 -134 -16.1 -18.7
350 -4.9 -7.8 -10.7 -13.6 -16.4 -19.2 -21.9 -24.6
400 -11.2 -14.2 -17.2 -20.1 -23.0 -25.8 -28.6 -314

(% 2-20](b) 105, W= 15T 4+

45 AT &= Pa) [ 105, P& 15T ]
F2% (T)
- -20 -15 -10 -5 0 5 10 15
%% (CMM)
0 21.1 176 14.3 11.1 8.1 5.3 2.6 0.0
50 20.5 17.0 13.7 105 7.6 4.7 2.1 -0.5
100 18.9 154 12.1 9.0 6.1 3.3 0.6 -1.8
150 16.3 129 9.6 6.5 3.6 0.9 -1.6 -4.1
200 12.8 94 6.2 3.1 0.3 -2.2 -4.8 -7.3
250 8.3 5.0 1.8 -1.1 -3.6 -6.2 -8.8 -114
300 2.9 -0.3 -3.0 -5.8 -85 -11.1 -13.8 -16.4
350 -3.0 -5.8 -8.6 -11.5 -14.2 -17.0 -19.7 -22.3
400 -9.3 -12.2 -15.2 -18.1 -20.9 -23.7 -26.4 -29.1
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(£ 2-20)(c) 105, HF2% 20T 4AF
A4% A9 gF (Pa) [ 105, WFLE 20T ]
R ()
w
. =20 | 15 | -10 | -5 0 5 10 | 15
5E% (CMM)
0 239 20.4 17.0 13.8 10.7 7.8 5.1 2.5
50 23.3 19.7 16.4 13.2 10.1 7.3 4.5 2.0
100 216 18.1 14.8 11.6 8.6 5.7 3.0 0.5
150 19.0 155 12.2 9.0 6.1 3.3 0.6 -1.8
200 15.3 11.9 8.6 5.5 2.6 -0.1 -2.5 -5.0
250 10.7 7.3 4.1 1.1 -15 -4.0 -6.6 -9.1
300 52 19 -1.2 -3.7 -6.4 -9.0 -11.6 | -14.2
350 -1.2 -4.0 -6.7 -9.5 -12.2 -14.9 -175 | -20.1
400 -75 -10.4 -13.3 -16.1 -18.9 -21.7 -244 | -27.0
(£ 2-20](d) 10%, WHF=_%E 25TCY A%
A4 A 4E Pa) [ 107, YRLE 25T ]
TEE 0 -20 15 10 5 0 5 10 15
S (CMM)
0 26.7 23.0 19.6 16.4 13.3 10.3 7.6 4.9
50 26.0 224 19.0 15.8 12.7 9.8 7.0 44
100 24.3 20.7 17.3 14.1 11.1 8.2 54 2.8
150 21.6 18.0 14.7 11.5 85 56 2.9 0.4
200 17.8 14.3 11.0 79 49 2.1 -0.5 -2.8
250 13.1 9.7 6.4 3.3 0.5 -2.0 -4.5 -6.9
300 7.4 4.0 09 -2.0 -4.4 -7.0 -95 -12.1
350 0.8 -24 -4.9 -7.6 -10.3 -12.9 -1565 | -18.1
400 -59 -8.7 -11.5 -14.3 -17.1 -198 | -224 | -25.0
SRERY B0 F7| U HYIS S8 DEAB0IMY HSED M| N
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(% 2-21)(a) 202, W#=% 10T 2%

A4 A Y Pa) [ 20%, UreE 10C ]
FEE(O) |
sxa (CVMD 0 15 10 ) 0 5 10 15
0 40.7 33.0 25.7 18.8 12.2 6.0 -1.1 -5.8
50 39.1 31.5 24.2 174 10.9 4.8 -0.9 6.5
100 35.4 279 20.8 141 7.7 1.8 -3.6 -9.2
150 29.9 22.5 15.5 8.9 2.8 -2.4 -8.0 -13.6
200 22.5 153 8.5 2.2 -3.0 -8.6 -143 | -199
250 134 6.4 0.1 -4.9 -10.7 -165 | -223 | -280
300 2.3 =2.7 -8.4 -14.4 -20.3 -263 | -321 | -379
350 -7.1 -132 | -194 | -256 -31.7 378 | 437 | -495
400 -194 | -269 | -323 | -387 -44.9 -51.0 | -571 | -63.0
(% 2-21)(b) 20%, W¥exE 15T B
A4%F A9 49 Pa) [ 20%, UreE 15C ]
REE ()
sz (MM 20 15 10 5} 0 5 10 15
0 46.9 39.2 318 24.8 18.1 11.8 5.8 -1.2
50 45.2 375 30.2 23.3 16.7 10.5 4.5 -0.9
100 41.4 33.9 26.7 19.8 13.4 7.2 15 -3.6
150 35.7 28.3 21.2 14.5 8.2 2.3 -2.8 -8.2
200 28.1 20.8 139 7.4 14 -3.6 -9.0 -14.5
250 187 11.6 4.9 -0.9 -59 -115 | -171 | -2277
300 7.6 1.0 -4.0 -9.7 -155 -21.3 | -271 | -327
350 -3.3 -9.0 -150 | -210 | -270 | -329 | -388 | 445
400 -153 | -21.77 | -279 | -342 -40.3 -46.3 | -52.3 | -581

e
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(

B

2-21)(c)

20%,

e

T 20CH A

o

2
s Ad 4=E Pa) [ 208, WHF=% 20T ]
R (1)
£Ee (CMM) 20 15 10 5 0 5 10 15
0 53.0 452 37.8 30.7 239 175 114 5.6
50 51.2 435 36.1 29.1 224 16.1 10.1 4.3
100 47.3 39.7 32.4 25.5 189 12.7 6.8 1.3
150 414 339 26.7 199 135 7.4 1.7 -3.1
200 33.5 26.2 19.1 125 6.3 0.6 -4.2 -95
250 23.8 16.6 9.8 35 -1.7 -6.8 -12.3 -17.7
300 124 55 -0.7 -55 -11.0 -16.7 -22.3 -27.8
350 -0.2 -5.1 -10.8 -16.7 -22.6 -28.4 -34.1 -39.7
400 -11.5 -17.7 -23.8 -29.9 -36.0 -41.9 =477 -53.5
(3 2-21)(d) 205, WHL= 25CY 4%
HEs AT 4= (Pa) [ 205 Bew 95T |
H Q = L
PR T (T -20 -15 -10 -5 0 5 10 15
%% (CMM)
0 58.8 51.1 43.6 36.4 29.6 23.1 16.9 11.0
50 56.9 49.2 41.8 34.8 28.0 21.6 155 9.7
100 529 45.3 38.0 31.0 24.4 18.0 12.0 6.3
150 46.8 39.3 32.1 25.3 187 125 6.7 1.3
200 38.8 314 24.3 17.6 11.2 5.3 -0.2 -4.8
250 28.8 21.6 14.7 8.2 2.2 -2.6 -7.7 -13.0
300 17.0 10.0 35 -2.0 -6.9 -12.3 -17.8 -23.2
350 3.9 -2.3 -7.0 -12.7 -18.4 -24.1 -29.7 -35.3
400 -8.1 -14.0 -20.0 -26.0 -31.9 -37.7 -43.5 -49.2
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Qutdoor tem perature ("C)

10.0
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{ed) ainssaid
o
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100 25 @~
o
° 100 &
; 200 o 15@6@
OWrate (CMM) 400 1 0600‘
O
(18 2-68) 205 Z7d] tigk A4 "eolH
(3£ 2-22)(a) 30%, WH=%= 10T A%
H4E5 Ad 4= (Pa) [ 305, dH=% 10T |
JHE-% ()
-20 -15 -10 -5 0 5 10 15
&3 (CMM)
0 62.5 50.9 39.7 29.0 189 9.2 -1.7 -89
50 59.3 47.8 36.8 26.4 165 7.1 -1.3 -99
100 53.1 41.9 31.2 21.0 114 2.6 -5.1 -13.2
150 44.3 33.3 22.9 13.1 40 -3.1 -11.4 -19.9
200 32.9 22.2 12.3 3.2 -3.6 -11.8 -20.3 -28.8
250 19.3 9.2 0.4 -6.1 -145 -23.1 -31.7 -40.3
300 4.2 -2.8 -10.7 -194 -28.2 -37.0 -45.7 -54.4
350 -8.4 -17.1 -26.2 -35.3 -44.4 -53.4 -62.2 -71.0
400 -25.5 -34.9 -44.4 -53.8 -63.1 -72.3 -81.3 -90.2
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(% 2-22)(b) 30%, U&= 15T A%
4T At &8 (Pa) [ 305, WFH=2% 15T |
E% (T)
20 | 115 | 10 | 5 0 5 10 | 15
SE % (CMM)
0 72.1 60.2 49.0 38.3 28.0 18.2 8.8 -1.7
50 68.7 57.0 46.0 354 254 15.8 6.8 -1.3
100 62.3 50.8 40.0 29.7 199 10.7 2.2 -5.2
150 53.0 41.8 31.3 21.3 11.9 3.3 -3.6 -11.7
200 41.2 30.3 20.2 10.6 2.0 -4.5 -12.5 -20.7
250 27.0 16.6 7.1 -0.9 =75 -15.7 -24.0 -32.3
300 10.9 1.7 -4.6 -12.6 -21.0 -29.6 -38.1 -46.6
350 -3.3 -11.0 -19.6 -28.5 -37.3 -46.1 -548 | -634
400 -19.5 -28.7 -379 -47.1 -56.2 -65.2 -74.1 -82.8
(3 2-22](c) 305, WH2%= 20TC9 4+
HES AT 4= (Pa) [ 305, Wi% 20T |
g ReE (T)
L iy 20 | 15 | -10 | 5 0 5 10 | 15
T (CMM)
0 31.5 69.5 58.1 47.3 36.9 27.0 17.6 3.6
50 779 66.0 54.8 44.2 34.1 244 15.2 6.5
100 71.2 59.6 48.6 38.2 28.3 18.9 10.0 1.8
150 61.6 50.3 39.6 29.5 19.8 10.8 2.5 -4.1
200 494 38.3 279 18.2 9.1 09 -54 -13.2
250 34.6 24.0 14.1 5.1 -1.7 -8.8 -16.8 -24.9
300 17.8 79 -0.5 -6.5 -14.4 -22.7 -31.0 -39.3
350 0.3 -5.7 -13.7 -22.1 -30.7 -39.3 -47.8 -56.3
400 -14.1 -22.9 -31.9 -40.8 -49.7 -58.6 -67.3 759
(% 2-22)(d) 30%, WHew 25T A%
HGE ATt 49 Pa) [ 305, Wi2% 25T ]
% (T)
20 | 15 | -10 | 5 0 5 10 | 15
%% (CMM)
0 90.7 785 67.0 56.0 45.6 35.6 26.1 17.0
50 36.9 749 63.5 52.8 42.6 32.8 235 14.6
100 30.0 68.2 57.1 46.5 36.5 27.0 17.9 94
150 70.1 58.6 47.7 37.4 217 18.4 9.8 1.8
200 574 46.2 35.6 25.7 16.3 7.6 0.0 -6.2
250 42.1 31.3 21.2 11.8 3.2 -29 -10.1 -17.9
300 24.6 144 51 -2.0 -84 -16.3 -24.3 -32.4
350 5.8 2.2 -8.3 -16.3 -24.6 -32.9 -41.3 -49.5
400 -9.2 -17.5 -26.2 -35.0 -43.7 -52.3 -60.9 -69.3
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