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SUMMARY

A wind power generation device, which converts wind power energy, new
regeneration energy, Into electric energy, has been used as very importance
replacement of electric energy that can solve the problem of carbon dioxide
emissions, a cause of global warming, included in the hearting power generation
system using existing fossil fuels.

This study has been progressed by aiming to develop the wind power
generation system with a 10-kW capacity for downtown areas that can generate
electric energy even in a low wind speed condition, regardless of the direction of
the wind, through the solution of the problems related to the direction, speed, and
duration of the wind, in the existing land wind power generation system.

The wind generation system, developed by this study, resulted in the
development of the wind power generation device using a laminating method
applied with a drag-type vertical axis wind turbine, which complemented the
problem of a lift-type propeller-style horizontal axis wind turbine.

Also, it installed Venturi Euro, a reduction nozzle, in the front of the wind
turbine to enable wind power generation even in a low speed condition of the
wind (4m/s), and was designed to accelerate the speed and then maximize the
pressure energy of air in the entrance of the turbine; and the system operation
rate was maximized by solving the problem of wind power through the
installation of guide vein near to the entrance so that air flowed from all
directions of the drag-type vertical axis turbine can maintain turbine blades and

the inflow angle.

This study was conducted for total 2 years;

(1) The first year: The optimal design and theory-based performance estimate
of the wind power generation device with 2-kW capacity

(2) The second vyear: The manufacture of the development model and

generation performance evaluation test through the wind tunnel test

The final goal of this study was to develop the wind power generation system

with a 10-kW capacity; the output performance of each turbine (16 turbines blade



per turbine), developed in the second year of the study, was revealed as
approximately 3.9-kW. (See Figure 84).

Although we consider the efficiency of the generator and inverter, it is expected
that the 2.0-kW output capacity, the desired value of this study, can be easily
achieved.

In the results which analyzed average wind speed in downtown areas, there
were somewhat differences across seasons and regions; however, the average
wind speed per year was measured as 5 m/s ~ 7 m/s in the altitude of 50 ~ 10
m. It was lower than regular wind speed (12 m/s) that was expected in this
study, and thus was considered that it would decrease generation capacity.
However, as in the first year study, the highest output occurred when the
number of turbine blades were 32; thus because the experimental study tested
with 16 blades, if we increase the number of blades increase up to 32, it is
expected to easily achieve 2.0-kW output.

Moreover, in the case of the wind speed 14 m/s, it was evaluated that a
turbine generates around 5-kW. Based on these experiment findings, the wind
power generation system applied with the drag-type vertical axis wind turbine,
developed in this study, may be used for downtown areas; however, it 1is
convinced that the system can be very efficiently utilized in seaside or island
areas with high wind speed.

Especially, it is considered that, to solve the carbon dioxide emission problems
under the RPS laws applied to generation companies, distributing small (100-kW
capacity) wind power generation systems, which can be generated in a low wind
speed condition, would be more suitable for the land wind power generation
environment in South Korea, rather than existing lift-type vertical axis wind
power turbine.

Based on the current study, we obtained the following outcome: a prototype, 3

published journal articles, 2 conference proceedings, and 1 patent.

_VI_
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1}, Building type wind power generation station and straight-axis wind turbine
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Straight-axis wind turbine combined generator are arranged in group in a
building cluster, in which the buildings only frames but not walls and
support one another, power generation rooms are built between the power
wheel layers of the combined generators and adjacent buildings; power
wheels are connected with transmission wheels, accelerator boxes and
generators by driving belts; and thus, a building type wind power
generation station which extends into the air in group for using wind
power to develop huge and pollution-free wind energy is built.
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a
duct

least one air duct for ducting air, and the air

for
is driven
to drive a wind

generation drive device
is provided with an air
thus the energy is saved

least one ventilator which

duct to generate wind power
in the air duct are used for driving the

source generated by the building and wind
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2}. Wind power generation drive device for building
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B}, Wind power generation drive device for building
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o}. Wind power generation drive device for building
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The invention relate to a wind power generation drive device for a
building. The middle part of the building is provided with an air duct
facility or device and at least one air duct for ducting air, and the air
duct is internally provided with at least one ventilator which is driven
by air passing by the air duct to generate wind power to drive a wind
power generation device. Air source generated by the building and wind
power generated by the ventilator in the air duct are used for driving the
wind power generation device to generate power, thus the energy is saved
and new energy is generated.




Z}. Building type wind power generation station and straight-axis wind turbine
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Straight—axis wind turbine combined generator are arranged in group in a
building cluster, in which the buildings only frames but not walls and
support one another, power generation rooms are built between the power
e wheel layers of the combined generators and adjacent buildings; power
< wheels are connected with transmission wheels, accelerator boxes and
generators by driving belts; and thus, a building type wind power
generation station which extends into the air in group for using wind
power to develop huge and pollution-free wind energy is built.
A AE dAY SEHEHEAR F FETALAE FHE A=
S | 10-2008-0041350
AL X | 2008E 058 02¢
2 2y 2 HE 2HE SHLNMNEX= 129 AHH €H= S20 &X
(BIR= El= blade2, &J| blade2t HZEO &J| bladel &EHE=Z HIlHUHXZ HH
BtAIA &EIIE & &dl= MUaI0IEolCH
l/?
%%%%%%%% BBE
ooogn %@@
oadadogoo aodg
o cooooo)  |HEad0
pJEES I |
=2 O0d0ogog
OOodogd
a8 3 HE BN
A2 ¥ HE =H
w’e Mg atelater [T& UYSH0 HE IIsSE 10kWS SHLUTAAL g o13]




Aol 7k itk

1Al el S S 2o

o]}

[$)

=
=

P
=

7]

il

il

)
0]
yal

Fujele] A
8517] 9

3|
2|

oy
by

T

—

0

o

)l

—~
o

o]

i
o
<3
—_—

ojn

.

—

wjr

i
file)

il 7h&&o] 2u)ol4

9]

o H

(¢}

o 5

e

,_._mo

o)
!
ang

|

JJo
_

olp
®

g7leR EEEe Auel 7|3k, ARt

>~ O
T T

i

_22_




r
[

oK

0{0

N2z dtd U

ol

=y
ey

2

-

X

oy
RO ) e
4 0 — < . ;
% . Y o k) = %L )
o ™ o i -
AR A AR TR
7O ! _l .
7 © = o | R w tH | @ 2|
BT Hlo o) r
T W fo 4 T | o Eoa ﬂ e .
x 2 . OE = = o " _ X ~ To
- = o T R mm it X i . : - %
Iy = . ® X ) G o M o ) of K
: g T o w % X o Mo HR
= <] B A 2 T o e T 0 il
- < 5= 1 & = = N o X
T | R I - wE | i )
Hlo = o we o 0 alo] XX i = mﬂ
i O oF N = ¢ u w
oy = o : :
O bo Jymo
ﬁo X J:Alo ,.:O
. % =n 3 " -
) 3 4 . . -
s > i - mo < =K
)] = N HT_
QTU : i ,Ir,._ ‘_ﬂ{ O
- i z %o Ho oy o0 Eﬁ
M- iy 70 xT ﬁ _
ar ) W = K ;
J 5 my NI X ) 2 i )
B Ho B s 3 o I T Hm . )
K — o o al x B 3
= T Hp N al < e
T o = s il ) 2 < .
Y %) T % ow < = z
wr 4 - ; ﬁ . :
¥ N o B ali] oV X 0
\ ¢ @ mw o e = et
= ~ & o to < o iig il
o = —~ - e b N =
= 1) © ~ 0 \M
* H .
)
0
v

_23_



B : =
< e E g
M ﬁ Mﬂ : i | ~ )
w M@ o < < ol % [ = 5
% § = ~ Jlo ny
T uL em T =0 %0 il i .
ll W:.O HE o = _ ,ml wmurx_
i 4 = o il i E Jo "BH _ = _sz
m; % o e oF = W 7o M n W I3 pal 1
o ] * )
| : : - <o | @ C or
:a : : _ i E T s I ul =
- 1 ~ | ke | B -
< it é g | \ :
& = ) it o do < N 2 g
< oy Al X NJo i = -
N Nd < 3 < o ) K :
lu : 1 & TH <
| : ﬁo - h <] 0
:Ma A g : - .
o X0 : : 4
Ho T . x_ ;H
3 ° 7 | w
o] 1_ H_E
: dﬂ : =K e %
. . = _zrc ~ MI —
= | F | F
djo =< b ; : ﬁ
= = < o o e e o
LE : 1r ﬁ = _ B wr
) m g o 7 I G _ v A
BJ ;m T ) il _\w & M 01_ E
y B = - o A . !
: Mo ; J o m el T o
o o = X ! " 4 5 Hﬁa
JH ‘ﬂouL nNE AE EO &O ﬁﬁ ,,W —
= o i =n No 7 i w :
< = iy o oy < e : :
& & Nd ML < ey ! o - -
: & _ s
— \nné/ ll ﬂAlx_ o JH 1__/I i 1~_/| BU HM%._
w > 7 Mo W mo M e - :
: : i - < p
: : : < - ,ﬂl ‘:o e JW
® S i :
b - - m
sl 8 )
._l—._AI (@)
(9N

_24_



olo
o]
Nk
=
g

H

guel

X

0

oF

%

=

I 7H8 A7\ A 10kWH 2d-&

9|

Hlo

}, CFD(Computational Fluid Dynamics) 38 Al

[

wh

AA Mg ofefol Fof

ks

FolM F8

B/

<

_—_
"o

ol

oF

A vl 2

2% 5}

H] ¢l (Inlet Guide Vane)®]

7tol=

o

oF

;onﬂ

CRIEEEY

3] A Al (Impeller) 2] H4 =7] A

1

0
i

= 19

ERER

(€]

A A
* 3] A A (Impeller)

* 3] A A (Impeller) 2]

TR

¢
B

=K

2o Foldl vhe} 2ty

hYA
ar

obef [

1

T

5')4

J
=

£

—

1)

A 28

ke
3

2] B Aol eyt

A
it

[

™ T =
— ay e
jan g o (]
oy
o0
=
I
0 ©
% L N S Re
o le) il ~7 ’
o Ly N N S ™
= ~ POy " !
b
<t
& | ¢ | £ -
v g mb
TR
w | 2| ™
A T | |
5 =z |k
= F | 2| T
0
" o | & | F | @
o N o
Ho < n o
o o3 <

_25_




Hlo

T
Hjo

=
=

|

H?ol £E=W3H2.0m/sT14.0m/s) et T EF S = 7] 8 3H24.0m™50.0m)

~ 14 (m/'s)

-

24.0--50.0m

4.0-50.0m

-

g

.
-

A 4*(16.0x16.0m2)

<9 16> A°

ol
e
olo
T
el
~

;.01_

10kWH o], o]

ElCR

e

)

Tor

A" el@e] A7)s uhake] 41717} of

e
=

il =gkt

3]

=
=

o]t

_26_



Impeller

Housing (Clearance

Wind Direction

Guide Vane

<oy 17> 7Y 29 FuaAsge) e

(1) 2 FHdAA =] 7Fgoux] AEs s o2& 2 =7

s Ee] walsl Blge Ao)wae wE Asd wAdyA g3 AFa= o] of
dlel B b AhAe] Folgth

(Assumptions)

H

7h &719 =4

- =% : 250C

- 718t ¢ latm

- 2% @ 1.184kg/m3

(th & 4% 28

- THHW 280T):35%

- 549 ﬁ%ﬁ] 71 Al E & (nm):85%

- 79 2E(G)8%

- QAW E & &(ni)90%

- Z = €9 9] Blockage® &(nb):70%




%%%7]9/] Xe]%k%%}:(maw) : m.air = pA VwiTz(l
%0‘5}%7]9/] ?—A‘S]E@Ei(Fair) Fair = mazr Vwmd
43719 &soAAA (Power,;,) : iPower,, = 1mV3md
51:‘/}:1% :ﬂ_t_"j :4 %O :67—7]4 OﬂL‘]X]_"_A(PO’wer(m> : TPOU}@T{M‘,T = 1mI/umd (ntoml)
where (M) = 17 X1, X6 X0y
(3) 7F&d g A9 443
ofelel gL fle) aEolo] weh AE g FAoliAel ool o B
o F2 WERE;
- SHER] O F &= vige] £% 0 30m/s T 14.0m/s
- FHEEFY 9 AA : (16.0x16.0x2.0 m3)7(50.0x50.0x2.0m3)
40
@Tower Size = 16x16x2(m3)
35 —o—iPower /’
—=-rPower /
—
< 30
4 /
S—
- 275
Q
2 /
O 20
o /
e
=5 15
Q. //
5
10
5 -/I’
0 l l l l l l l
1 5 §] K 8 9 10 11 12 13 14
Wind Velocity (m/s)
<19 18> FEHE Y YTHAL A7]7F 16x2(m2)ell A F4<] Wstel wE gy =
A7 A7 s AE; (iPower: EFY F oA E3, Power: 2 AFE 13 WA 7s
of| L A F- &)
‘- MEarniatoln [Ca dYSH0 B2 JISE 10kWS SHLTAIAE |



<29 18>0 A iPowers Al Z~Elo A WAL = %@74]—?94 g5 = ke 1R &
e A 7IE = g ol rPowers 5714 9

o) = = ‘ﬂﬂﬁgko]‘:}. Aol 1dH AS 7Y F
g w g He 23.8kW AHE7) o AbE

.6_; =
EZJI

80.0
Wind Velocity = 12.0 (m/s
70.0 2 d : )/'71. 6
S 50.0 ——iPower /m
= ) 7.3
- -=rPower
(3] 50.0 501
g 43.0
o 40.0
5 /044
E. 30.0
> /
o 20.0 22.9

18.1
10.0 10, 127 :
8.7 '

0.0 . | | | | | |
16 24 30 35 40 45 50

Tower Size (m)

<1¥ 19> YTEE0] 12.0m/sY ) EHERY 9

2712 (16.0m~50.0m)H 3lol] W& o=

of

<Y 195014 o 5 A%l Bele] 277k FAREE WHabs FHAIAE S
e melw B4 @ WMol 2717k 16x2 MDY A% 1MF T 58WARS A7)l

U el 7lojE o

g AmHoz shge nite] HEW@0T120m/s)00 A FHEe)e] =79 8o
uhe 7h FHdA e 2718 Aela B
o Mg aerletn [T& UYSH0 HE IIsSE 10kWS SHLUTAAL g o13]



20

18

16

14

12

10

Output Power (rPower, kW)

Wind Velocity

——4
-6
—+—8
——10

16.3

145

<::La 20> '5‘—’—4 H:]§]— 1]

Tower Size (m)

SHEr o A7) WSl wE o THAEF (BYS Fol2m)

<9 20> B YT T50] 47 12m/sol A EFY el A7) Wt mE dFEHE fE
WA & 2 (rPower) o] &

45 1.775.4kW

8m/se] 7
Ao},

s7hehe wolsth

FEol Am/sQl A+ B 90.7kWT2.3kW,
283l 10m/s F50

A 34kWT10.5kW o] 2 &-wFo] of




3
I
./ = [=1
o -
(Y}
=} -]
o ©o
) ~—
]
(=] oD
o~ (7
—
2 -
o~ =
X
I~ 0
— Lo |
o ~
-
& o
= = =
= o o™
o = WO 0 T T
D
=
= w
= il )
= | | il
o un (=3 w o un o
=3 o) @ I ~ - —

(M U42modl) 1amod indino

30 35 40 45 50
Tower Size (m)

24

16

<a¥ 21> T50] Ws g FHE o] A7) Wt wE

1=0]:4m)

—_—

o] A717F (24mx24m)Q

<

1S A5, E
1719

o= ]
A

gl

Im=E

=
=

]

o
=

%9

o

B9 1

ol A 10kWoll 73

<3

1
o

B

o

ol

)

"o

Azwle] U FEAe o

Z7|dA A A

ki3

& morch ey B ATE 9

w o
B br
o
0| o
B iy
el ®°
= 7o
= o
o X
Y oy
< g
! o}
=y KO
= ~
) 7!
ENU =
T T
ol o
3
—_
%u o]
0 i~y
0 N
Lol o
i T
S
N
o o
HT_ o
% o
vze]
v
of
o
jm
WO MW
Moow -

FE AlEdol4

71 #ls @A 23

B

;01_
ol

Mo

0|
X

J

& Wl dis F9 A

_3"_



AA7EA S Aol A ofe e} 2 7P o m F L

- Turbine Impeller®] &8 : 35%

Power Transmission &€& : 85%

- Power Generator €& : 85%
- Inverter €& : 90%

- Tower Blockage && : 70%

o] MHHE Fe] HAAQ] TP e R Ay AT At

AAl 218 F<A CFDAlEd ol AE HtEA] FRlsjof drta sedstr

E3] 5 WA Turbine Impellere} &2 EFY 9] CasingAlel9] Blocking 23+ 4% & vbg
o] HrdUAE iy w4 "oy H7] HAES A FRAUAE LEATE A
< 3shA €

oyt TAE HAigetn FHHE viHe dUAE Hug P sAUAR HAFEH)
A= <" 17>9 Casing®} Impellerile] 9] 7F=r(clearance)o] w3 A A3tA &R ==

A 78 F2 CFD simulation®] Z3E F3 %49 clearance

il
o
i
(1){_5

AA7EA S Aol A oo} 22 TP o R Lok
- Diffuser®] &&(nD):85%
— Turbine Impeller®} Casing®] Blocking £& (nB):80%

)
oX
ftlo
ity
©
N,
i
=

o] ARe F83 AAA Apdon FuE A7 Avel Y@ A
A7k AP CFDA EH oA Ay vlea] RdAde Ea oo ®rh =

ol

% WA Turbine Impeller$t Z=EY 9 CasingAtel 9 Blocking &3+ 9% E nutghe] £
ZAUAE g FAsA "ojxmy Ar] BHAS 93 FRAUAE AEANTE IS &

o
A "t ol#dt HAlE H2seta Fds = v JduAE AU ey A R

2

e Mgaeladeta (4 LS4 HB JISE 10kWS SSLIAAHY g A7)



7] Yl E <2¥ 17>9 Casing® ImpellerAte] 9] 7F=(Clearance)©] w-$% & &3
HEE Aol FQ3str},
2}, et ¢} A B H (Impeller) @] Blockage gkoll 33k i A}

Job ot

A Er o HRl Abo] ¢ 7FZ4 (Clearance) = ‘?JQTL: 99 oA Azl wi-

S PAA "k & AT A = Bl AXEE HRule 9 ok oA AA s

Asgtelr] 91 ddel o AAAS AAst=d Wy Fas Aydgdal duEnh £33

2}%] (Blockage) 9l W}—E— &S AFste] YL HEY = & &9 (Power, KW)<
H 4

o Sst=d v Tad

ﬂog

B ot

T
g

4

e

(1) siAdel =4
(7}) 74 (Clearance)® 9] : 0.372.0m
(W) 79 5 6m/s

(th F=Heks =271 @ 24 x 24 x 4.3(m3)

(2) /\4 oﬂfg 0-5L]. OHM h=R=))

6m/s

» 24m clearance = 0.3~2.0m

_'(_)r
Qb 3 *c}—.% g&stA




(3) NEAI A Aol A B

(E
2

b B9l Asele BFWs] WE Fr] BEER

Velocity, m/s 7/ | L velocity, m/s ©
14.67072 R A A 12.69282
2 AR vitvmmiu g0 1| 11.90179
1395789 ¢ & SV S T S | 11.11075
12.84505 - & if LR R W S T SR N 0.31972
11.e3221 . . Toamean o4 ) s28681
N 4 - - B LR B A 1 73764
11.01938 L & ok A A4 A 9‘3‘66:2
10.10654 ©  C R
9.193705 - - SN K b 6.364538 B
8.280868 _ 3y} -373503 .
|~ >4 - I . 782467 -
7.368032 = X .991431 "
6.455195 = \ 1 L 200396 5
= 409360 =
21,542359 % §‘ 1.618324
4.629523 g § .827289
3.716686 = = N 3 036253
2.803850 - kb R =
1.891014 iy = N ~ < 5
< = ~ - % % N N : o
0.978178 -~ ~ = e e Sy N
0.065341 ka B Sl 5
- ~ = % LA LA <
- ~ . \ o e e
- - ~ \ o e w
& T e
S < oY t 2
Velocity, m/s # Eod velocity, mi= /4 ;
-11.93958 - w8 11.87717 4 v
11.19635 : 11.13860 ¥
710.45311 & W 10.40003 N
9.709877 i & 9.661458 S
8.966642 ¥ H 8.922888 %
8.223408 O H 8.184318 B
7.480173 5 % [ 7.445748 & .
6.736939 - TN i 6.707178 s =
5.993704 - 2 w Y 5.968608 5 _
5.250470 - - v 5.230038 - =
4.507236 = 4.491468 — ~ -
3.764001 1 3.752898 - :
| 3.020766 3. )
2.277532 2.
.534298 1.
791063 0.
'0.047829 0.
. % - . . y
5 _ -4 ) /
: = - :
: i « \ i
< Lo . 3 i
: ] B < { i
. i . M )

"-'ff%:‘.*f’%f?é“!‘f’ﬁ [SA UYSAN MR IISE 0SS SSUFAALY Y o]



(b EFsle} aele) s be gy Exge) W

Pressure, Pa
8.76051
4.5957
0.4310
6.2662

—§2.10150
-12.0632
-26.2279

~l-40.3927

-54,5575

-68.7222

-82.8870

-97.0517

-111.216

-125.381

-139.546

-153.710

-167.875

Clearance=0.7m, Vin=6m/s|

Clearance = 0.7m

| Pressure, Pa
| ) 57.80935

# 50.37526
2.9411
5.5070
8.0729
0.6389
3.2048
77072

L]
aloln
o
w
)
=
"
o
olol~
o
o

£
o
£y
-

o

=l
: iii
2|olvlv
-
Nii
© o

-
[T

ii|
alo
Glololslslololo

PP AP R A P i
o0& w wln|=|o =
Hluloloswael

e b s o[ o M Y 0

=laip| o wlolvlo o

w(o|a|w ola w/ < w

ok Sl0|olu| & 6
olv|a|o|3la|vls ool
N E N A e

learance=2.0m, Vin=6m/s

Clearance = 2.0m

ECREOCEE!

(i
Ho

geths AdS o 5 g ey 15m

2 AlEYelAdS T3 H(Clearance)?] W3sle] wE f= UHeo AgS n#ste] =g
= g o

o] o] w2 W A Jduyx £4S u#sty] Yl fF+=A S (Flow coefficient) =
'l'.fﬁfﬂ%?if’vfii%ﬂfw’ﬂ [SA UYSAN MR IISE 0SS SSUFAALY Y o]

- 35 -



il B Sk,

9|

=]
24

o
hin

N

N

il

)

dd o B
U e

1
-

<9 25>

=5 A

7F F A1 0.797F A+

P
T

Q]
=

°]7} 1.0m

7‘:_]

0.60

0.68

0.79

0.64

0.53

0.58

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

2.0

0.7 1.0 1

0.5

0.3

Clearance(m)

s HEN A AA o

ST
K

v},

Aol &

)

—_
o
o

o
N

X

o AAE ZeEgugyonny AZHc ofeel

oz
=

oH

3t

o

Aol A (r)Rtd o] Aol 914

2]

g]
R

w4

g

Dy

<29 26> A A" (x-y)

E{¥ Rotor bladed}il 7}

Kol
=

bab olu) o] vl A

S

0k

o2 (dF)9 3=

13

;00
=0

H

9/]

ox

M
A

oV

rvze)

W sl HE g

SEREEE

(tangential) ¥ <=

jans

B

H}&F(normal) 9

E

by

.
L=

ol o]u2] moment(dTs)e] =7]

=]
Run

"0

A

_36_



dF

Turbine Blade

)
—_

<% 26> BRIl 27

dT, = rdF,

A

_37_



!

of
Njo
of-
=
)
—~
o
Jﬁmo
]
B op
— o
. 5 = al . i
= o ~
= mz m OW X o}
| O] P T
< ol - &S T
3 —_ © I\
= @ Ko
I - | [
__ rl X o) X
ii ~ X ﬁ:._
.. & Q = w
0 o) Y —
e - = I M o,
N < ~ I ot ]
<A 3 T W W N 2,
I I - S s it
4r - < & w o
N Bl - : N
o G ~ G
5 TE . T
- o o s oa
. o o w i
. o T Mo o o)
k2 A Gy T T =0 = Gy
F L TN gl T B
< ,\uu ,ﬁm << 0| bo o
N = o oF m T " ) iy
i o o B/ No ~ T
= ol = on 0y Ho

_38_

U=
HBD = ERl =

2]

b s

Q1 7o) o},



T2 =(B2)

N

()

ol el o

() A= A3} A

?] 25 (kW)el W3}

o] =)
o=

o w&

TZHB2) R I W)

=
=

(7h EHl e

=80

— B2

70
60
50

= B2
—A— B2
- B2

e

60

50

40

30

20

10

30 40 50 60
Impeller Speed (rpm)

20

10

]

2 3]

3t (@70 M = 1670, FT-uESE=10m/s, Clearance

—_

<29 27> 4de G E7AE(B2)%t ¢

=0.1m,

(H/T)r=0.5)

)

s

W7ol 167011 el 27 E7-4=(p2)e] st uel A

AHA =S e

S U
T =

e =9 @
G 170

W
Ny

9l

o

8

3
xr
i
i
,_lyyl
w
T
B
A

T
w
3l
o —_
w7
T
i =
b
I
N
No M-
o
W
A mé
N
= It
ER
S
1H =
~
N !
Mlﬂ ({n
Moo oor
w8
1
R «
O
%
ral (aN]
N 2
Njo b
v ¥
g
T -

- W
-— H

TR A2717F o

oo (zEyY &

o]
A

5 BlojuA =

)

1 284 7ol Avs} WaEoloh

3]

g 9

= HERA A o]

_39_



(b FE Qe A sl HAa4 W] wE e ZkW)el M

i

70

60 /
o758
—m S R12 /

50 —A— 97 +=16

—— =7l =20
—¢— T =04

—o— Sl 5=28
40

30 /./'/.//

10

0 1 1 1 1
10 20 30 40 50 60

Impeller Speed (rpm)

<13 28> AW YA A%st AR HA% skl B g Hus
(ETZ4E(B2)=80%, Y Tv&<==10m/s, Clearance=0.1m, (H/T)r=0.5)

o] <9 28>0lM = Bl E4EE2)E =R aFstal BRI I B EeY e
Hstol] whe Ay G UlolA Akt EElUAE et A oA AilEE F

FYANUAL FEF DAY A5E FAFDE A 95T £ 9

—

O

AN

299 dae w0

et
ol
)

b

S e HA5T BRSS9l ASd guglel FHAUA} AT LS

o} 2= o]

= T A

- Qe e A7 FARES D VI S AL dagnis Aae & 5 3
o 2y T EHduAE G A Y FEAUAE FEF I AentE el
fos A TR 4 flons BN QAAR F FAe WAL A BEeE E

| S7vshA €Tt

o

(Rl F&9 AYA = (EALAZ E8AUA) x (F& €49 A+)]

M

(4) 27he] M 2AARES 9% AlEdold A Axe] A A

[e5




Velocity, m/s
16.53562
15.50838
14.48114
13.45390
12.42666
11.39942
H 10.37218
9.344944
8.317704 -
7.290464
6.263225
5.235985= — =~
4.208745
3.181505
2.154265  —
1,127025~ —
-0.099785

Probe value
3.

& ¥
it

408581

A gt d

Pressure, Pa
87.76135
74.26182
60.76228

No title has been set for this run

10m/s

Probe value
Average value

Velocity, m/s _
17.76683 %

=0
L

H 12,
H11.11328
10.00435
8.895425
7.786499
6.677572
5.568646
4.459720
3.350794
2.241867
1.132941
% 0.024015

870, 3] A4~ 30rpm, &5

Probe valu

T3 2.972212 -

Pressure, Pa

H
l 2.670649
-12.62141
-27.91346
-43.20551

30rpm,

Probe value
6.614431
Average val
-2.304957

Velocity, m/s
16.96971
15.91321
14.85670
13.80020 - -
12.74369 - -
H11.68718 -
~H 10.63068
574173 -
517668 - -
461162
404656 -
348151 -
291645~
235139 — —
178634~~~
122128
065622~

CRNLWRGAID O

AT
3k2d-10v30rpm24ea-

Probe value

6.968755

TR

M 2470, 34

6

0
|
o
=
o
a
o
&

30rpm,

3T

=2 10m/s

-34.71420]

0.165695)

Velocity, m/s
g 18.08698
6.95673 -
-15.82648
14.69623
13.56598
12.43572
11.30547 -

Probe value

I A 3070, 3 A

AN
N
I=SIN
aln
oW
Nlo
o
e

|
o
@
@
@
@
3
©

9554150
-150.5206

AN
N
ol
als
NS
©la
©lw
E-3i)

30rpm,

3k2d-10v30rpm30ea-10

=2 10m/s

<1¥ 29> 2Ile] )

P
T

AA

)

=20 =

AR AlEHlA s At

$19] <’ 29>0 4 & 5 Aol Il ATt S SE BNl G Aol @A A
o] ol ARAS & 5 ittt
"'.Ffﬂ.%i‘%‘”"é‘“’*‘%’% [SA UYSAN MR IISE 0SS SSUFAALY Y o]

GRS Cr SOt &

_4’]_




100

98 A
96

o -

92

) N

86

ﬁ
=
0z
2

84

82 1 1 1
8 12 Ed b 24 30

<29 30> 270 JHEe) Wste] whE FE el A o] FHul Ahdst v

Hlo] 3147 30rpme. 2 31 A w HYl ¢y

Bse Aael Y4 W, A Astolh BN WAL A%/t 2449 W

A FRYRS A el Fshe Aoz AEHYor, AL 25e Hrj ol
aEE B4S wolw Utk F Wlel A%k 24D W Hehe] Htol WS ofn) 2

(5) I AdA o] F= A ZF

(7}) &7 Aol A ImpellerFYol A9 A @ FHiEE

(A=)

Vin = 10m/s pm = 20 rpm

=T %(B2) = 8% (H/T) = 1.0/20 = 05
No. of Blade = 167l, 247} Clearance = 0.1m

(I A3) e el dHEFE o v (Guide Vane §12)




HH I w”w
[ ‘i LI “\ ‘H
T

HITTH
111

<13 32> POl Hjelg AR AUl dBY FE5F RTAA] SRR} GERE v

'l'.F ol s e [SA UYSAN MR IISE 0SS SSUFAALY Y o]

43 -



(th) 7+A(Clearance)®] Z7]¥ 3} W& Impeller79 A9 F5aA 2 ot

A
ke

(¥ =x2)

Vin = 10m/s rpm = 20 rpm
ET7%(B2) = 8B% (H/T) = 1.0/20 = 05
No. of Blade = 167} Clearance = 0.1m, 0.15m, 0.2m, 0.5m

(A2 )

ZrwE 9} oFEE ¥ o] u] W (Guide Vane)

Clearance=0.1m Clearance=0.15m

Velocity Tine 1000000 # Velosity, /s Tine 1.000000 »
5.9 Frsbe alus 2.60267 Frobe value
RELC 340w 2400002 2543080
1263 2.3
21030 — 20871
14T i e AT T 1523208 i i
17,5545 I ‘ | | W T T [H1rieasan ||| 1| |

it ‘ [l H ‘ | I eI
14, casar “ M ‘ L |} a2 | ‘.H_ \‘

12, sussE \ | | |§ tzeanes || | | |
1136329 | 1 ‘ wanem || ||| ‘ |
|

EERTIRNEE
‘ ‘ ‘
i

T (it
“H\‘ '\M ‘
e

Bang] Saatv2Depuitos

Valoty, w/a — - - Thaw 1,000000 &
mam Frobe value
ERTEE] e
12,2554

Tine 1.000000 5
rcbe valu
3.66787

I "‘ MH:W
It [CHWUM

JS5ans 1 6aal 0va0rpmiz0s cE200

<I1¥ 33> fEef A e] Wste] np

il
S
e
v
Ho
offt
o
=
s
=2
>
Ho
offt
FB{_I‘
ox
o
=
=

"'Ffﬂ.%tf‘iﬂ!f%ﬂ%t% [SA UYSAN MR IISE 0SS SSUFAIALY Ny

e
i



Clearance=0.1m

Clearance=0.15m

Tine 1000000 1!

2L 537e
ST
54 150
i1 8272
156 o
1011504
51 520
550, 0600)

5ng16eal IvZ0rpuETlS clelS)

Tine 1000000 2

=

Clearance=0.2m

Clearance=0.om

‘Tima 1000000«
Frobe vaie
2983097
Aazage valus
00T

R

'f[

5ang! Gaalled0epmiT08 CLEROD

(i3
ST
SR

30124001 0v20:7i03 cLESO)

ine 1000000 o

<19 34> gAY 7+4

o
rE
o
kS
=

Qo] <19 33>9 <19 34> A= JlolE W

ol We el WAl £

offt
|
o,
to ©
jus}

El

:?L_',

X
75 eEUA £40] S Fa WA
=

o] 0.15mellA Hth geto] wWiFeo] FHoA TA

Sk

JEf ol Al ZF=(clearance) 2] W
Sl3ol kel 7

./_[':
Ant. 19 19004 =
T 3

wE Mgarelatetn

45 -

[C& LS HE 58 10kWS SSHLTAAHE




3. HF AARk

7h A

2 AFE F AAE FFE FATEHEHAENY 23Y =2,
oldlz) o] Al : A A= 4m, =o]= 3.0m, E7/0 W= 1671, (hub/tip)r= 0.5

H

el

3,000

e ol s e [SA UYSAN MR IISE 10NS ZSLFA

AR Y o]
46 -



(2) &3 A2l Housing

000E

3000

300

34000

000%¢

Wk Agaelatetn

_47_

e

ot



- X

5 wr

w il

__0_

oF

2]

b

2 H

3| A

s _

3 =

3

ﬁ T

B N

=0 g 4 —~

o gl A /m

= = g} A=

.U S g N~—

" w M_7M g W < o) .

Hio = — A N < g ar

o & TS w X o o

e wn M_W .. .. Gl G

o = ST oe oy v i o

- 0 T g o AL

g o X W 2 w g

S = WO OZ N w S s

™ Mo = VR

N s W EE w
—~ — —~ S g

S ) € 2:%w

< < Mo

_48_




&7l s 2470)

(&0 7N 1670)

Ut O B

<19 36> EFHEHY

(&70 W4 1670, 247, 7= 0.01m)

16702 &7l

3)

Aol 2471 E7hel H|

PN
T

ok
=

Qo] <1g 36>l A

]

A e,

l

o AT

=
1=

o e 5

<19 37> EHl A FHA &7

TC

ol

H =™ FEER A S HEAE

5|

o1 NeN
==

A7l 49

juz]
=

4

7+ (clearance) 2 A

EE

o] (hub/tip)®l& 274)

EfRl

Mel Zwe} A4,

=3
=

G A A

BNl

—_
o)

QA 28 A, A

_49_



TEEe] A7

3

&

(1) B

5

]

2

of i

T

Hog HAAFENOH,

Ry:

3} 2},

2 38>

<1

(a) A&

FAoH,

5|

gebglel AAt b

o

= 45(d ) 1/300 W9

i

_50_



il

i

of thg A

= L
Al &

]

A

FEREEEE

&
of HE7d 715 de7F Bvt

olont, Al

©) 3

2=

3

(b) 2

rE

2

(@ 1

rE

=

& <1¥ 39>} oy,

=l
=

oy

SH0 =8 Jtss

_51_



(b) 1052

=d A 37](mm) Hlj =

715 (2] F) 500x500 8-D22, D10@350

S 7] (W) 500x500 8-D22, D10@350
° o 00X600 4-D19, D10@300(+*-)
4-D19, D10@300(¢+5-)

7] (&), 1~5%) 500x500 8-D22, D10@200

7155 (9%, 6~10%) 600x600 10-D22, D10@250

_ 715 (W, 1~5%) 600x600 10-D22, D10@250

105 =2 iz, 6~102) 600600 10-D22, DI0@250
N 00X600 4-D19, D10@300(¢+5-)
4-D19, D10@300(¢+5-)
o' MEselacen [Co UYSHH HE IS 10kWS SHUTAAY Y o




22

el
NESEIE
= |~ | 2|
|3
Tl |9
N Nfo
1N | o |w|o|la|n
- gl =23
< | T F R T
w R
| T H G
T x A= Wﬁ Njo
ﬂ o.‘m ogo TH mﬂ
Mo | = M g

n
£
)
0
| o =
m | X "
Ne]
5
o
18 .la
(@)
| || S| =
)
o
S| 3|8
T | AR
Wl N x| o=
e | | W | W
Rolw | A
nmaﬂﬂlio

ZO
=

N o
A+ B
T o))
Ko

&7}

7}

-

-

o= vy,

B

_53_



J4 m e A e}

9|

ke,

5= Al

uhgre] o 1A 7}

1
T

ol A

A wkgke] oy A7}

M-
mJ

o)
T

Muﬂo

_54_



solsty] s) Ame AW 2 4564 ulge
;H/HEEH.Q <1% 43>_ﬂ]_

- B Pol ME F& Y T WHE I
W sk A9FIY ME TR AN FAsA B HHRDe
2k

<19 43> A R4

o Mg aerletn



Z
T
£}
E_'ﬂ
o]
=
O~
T
Al

oo
o 3 ol o
, S T ] « LI S mE N
s | zw@ i — e S T o
I | ElewaanSasos ST "
RESE SENEEN | TR ® »om
PG e Al BT aN w WS M n = o AF
- = —1 \\7 MMN“W M..,\ITO. = ) | — U 0 ,uN —
ERE AN SsSS=ugl A NEINSSE L e ~
NEN %\f// e~ H.U.VA.(\b DS FE S um S =M T T — R N
PEAEScANENEEFE NN HESSARSS o) e B lE T )
e TN 1 E - e o v~ il i
T N = wﬂ ‘ T s o oo % W
=3 = = = < P N— L
= = 5 e B mﬂﬂru%wmno%
23! i8] n ~ M\ = LE
2 o X W P T )
4 = B R o e
e g BT _ S5 %
= = 57 no_a El B ) ) mr
£l : H X
o?_ S ‘Dl 1:/|L ™A ,HOI MM nmE AT
o - CHPTRE Zo NV
e W om w a3 o
i - = e
— 0 o) B N — < X =
o o 2 = o Mr 0 g i s =
R = N M o ‘Ul 3r 1+ o o m A_W
= - X < _
= ™ ° Mo ot o e A
i 2 TR AT o w3
0 0 ~o =
\W!L I~ ol HO 0
N T SRELWE v o2 27
K o
= MELeer B o=
T — T o 71_
= S e X WO T
ahy o oy g3 Ww_. T B = MM < T
N & YU xR uwm = a
< <t Of Wi w:.o m 5 ﬂ__lm ‘M JEU X
N p ™o Lok <]z
w /\ NS = =) o
w ooy Sy ® Xk o= _
N v Ho o K o = Gl = 3
\Y -~ ‘MULO _ T N JZIL ﬂA_.O
Gt ) Mo = o
W OB X _ > wo_
X B T A 32 ey
M X e Hlo
V B o s N wm
|

=l

[E& LYSHH B Jis
- 56 -




100

<« Mlean WI:IEEVE|DC1:T)I' : :
- — KBC(2005)-C ! :
I 1 I I
L AN i T
I 1 I I
— I 1 I I
R e e L e
=, 1 | | |
o~ I 1 I
< il o il St Ml s
I 1 I
- I 1 I
L s e
1 | |
I 1
0 T i T i T
0 1 2
Wind velocity (m/s)
<19 46> =AA FALHES] T £ X <T1% 47> HEEE AXEF o

g gt FEREY 22 FAES s 7] R (downstream) WSRO

W (turbulence) & ¥ o7|=dH WiHe EA IFHT HEF &
=3 %
=

s T AA Al T VT FY AolE dsfoR

AuH oz FewAe MAE §49 F3 Ao} <l

| ol og wEelth ey whgre] Aol &

b oaAgsEE oled He melsor @k EY 2 Abot
Eal

750e+00

7.130:00
B.75e+00
6.380+00

6008400
5.63e+00
5.25e+00
4880+00
4500500,
4130400,
|| 378e00
338000

| 301e00
B z2sse.0
| 2280400
1.88e:00

| 1510000
1.13e+00
760801
385801
1.10e-02

Velocity Vectars Colored By Vedocity Magnitude (m/s)

<I¥ 48> A& N THETHANLR Y HHAAAA A

e MEaebrlEem [SA UYSAN MR IISE 0SS SSUFAALY Y o]

a =2 [ (=] =

_57_



Ho
e

mK

ojn

4

T
Tor

Mo

o

<

shwA
A7 54

3}
==
|,

1o

=
=

il

el ]

p=R
=

g Hhrel

A8l

Ho

|

=
LN

==,

]

i

A el 9

-
R

3ol

o &3S 5dB ]

=2

S

A #Ha

[eJie)
S

ojn
d
K
o
</
)

N

i
.mo

T

—

\_w.wo

o

[0

(1) 254

(7h

Uz

il

Mo

o)
op

- 3}o] E s 0] Z(White Noise)

el
B
w
!
=5

e

ol

—_
fite)

ol
mjp

4

lJ
m

el Fakro e (1Hz) o E3s]

=
—1

JE o]

o

3}

SEng 3dBY Fbehe 54S 2

3

)
=

2 AFE YA

YA "

=
=

95 sAEl ¥ B2 Adew

T
— il

7F ol Q17ke] Fiel

j
a

- Y A% 0] Z(Pink Noise)

A

=

AFE R DG (HDo ZFE = Jie] A7I7E Fopge] s 44 A

olgtil Lk st

oA B2 1/fw

Z A X
“

7b mobgel wel &b

P
T

o, gepy 3

Elasis

oS o
o=

.mo

2] sfo]Eo]=r T}

S

J7tAE @

o %

_58_



& etae (ae)
e (de)
i

L

|

l |

7 0 ik 20k 20 50 100 200 500 1k 2% Bk 10k 20K
FIl4{H) - logti+ FD4(H) - SBENE

(a) SIOIE Lol=

)

i 20 100 1k 20% 20 50 100 200 500 1k 2k S5k 10k 20k
‘ F0h(Hz) = logle Fl(Hz) - RBEWE

W (dB)
2 A (dB)

(b) T3 LO|=

<TLH 49> 5o SAna

® Ae 74l
- A8

o

e S BE dAT AVIE 7ML o 2 X o] H ) 71F47} He] "ozl A Aol
e ol 3 Y HPoint)oZ B 4t AL voe 3o 3H(Wave
Front)> 7RG o= AXQARE FHI1E S,

Agdola Al b o "o A 59 A7l = vt A3 2ok

=

W Wm2)
47r

9 Aeln "Aeds A% 29 AE A A wuldsel AANE AL Eay

o 2} H 2 (Inverse Square Law)o]g} 3t}

o MEAolEtin [TA SUYSAN HE IISE 102 SSHUFAAH Hg o17]



By o :Mo
. 0
o T
T )
A
- o
ojn o Ny
o o o
— 7l op
X ) ojn
) LI
. =y oF
B = S
W
™ ol o
i i X "
ol & o
Y £y Cl
o op T T
o]
0 & Y o oF
o, B o 4r T
. g © oA CRENE
B s o A= W
N 2 % ™ Ar
) “ N wﬁ = ¥
ojp N o = =
o o) oy o o
™ N — T A o o
— N
2 ol = 4 o
| g
W 2 = = 5 ° g S
S
o = T S W s <° 0 MT
— To ok & 3 F T g o
X = [ _ n_A " 5 4
gy & of N N oF 5 ol
= ¥ S o
0 I z R FEFT edg
o N~[o X ol wo ﬂ T
T &4 L Ff TF #Fxs
o = Nk o Ho /T
ojp ™ ™ L T o %o
XH 6N oN Wn ,

o
T

9] 4ol

A el A

KX
=

3} 2}

[e)

=

o}

-

o

o A7l
- 60 -

o

A3 3

2

‘]

h 4

EREE
X

(W/m2)
, W
o]

ol A £}

2mr
o] 7] A
Al

b

I=
A
Jleta

(3

_CH

' gt




W ok Q) Aol eetalne A% spr,9 sprolel W AL Qe Aol 1o] ol W]

3 l
df ofF & A< y) sHHEE Hea 2

SPL, = PWL—10log,2mr, = PWL—10log,,r, — 8
SPL, = PWL—10log, 2rr = PWL—10log, - —8
o] 71A, pwr: d91A oG F3Fe] #H(dB)

wekA Aol ARFAE ekl A spr-sp, s TR thaat 2

SPL— SPL, = 1010g(ri)
0

9 Aoln Aeds AeE ALzt F oz 89 3dBY 448 ¢ F Aok
A

4ol Aol io] yo wa] FHE A9 (r>) SR T 2,

SPL— SPL, =— QIOg%— 1010g3%
0

9 A3 2o A9 AgAoAE AL F g 6dBH s glvh

e Mgl e [S4 UYSH0 HE IS 10kI2 STLTAIAH Y o7]

61 -



21(1.39)
(-3dB/HHEl)

&/(1.40)
(-6dB/thH2I)

SPLe

(EMRIREE

2/3

HE)

{10

(Shade Source)

[e]
- Aed

&4

22 &

4

b A71=

)

1}

oS
ojp

R

ol &

o
N

N

e
2K

ofy

T
Ny
;OO
et

7o

B
oF
v

ol
G
olp
&H

~N

[e]
A&

o W%

=4
[¢)

N ~GdB/HIHE

I E—

o =3

@ (1§

- o

.u n.
2 2
T i i

)+1| u )Boio)

6

4

0.01

/D

o
ﬁo

Gl
ojn
B

o

o

B
o
olp

%c
IH

?izi dsoﬂ

&R

_62_



w D\
9 AS dBE ¥ dstd

SPL=PWIL+ 10log{ln

2]

o714 Aol BAE= A2FS ALtsE
=

a9 ek 2 852 SddA1 S
A= st AgE M FAolH, A AY o Aglol A= wlAZYY 6dBe] 7+
o] Aednt gAEY Rt S Aol s AAE 9ures o 4 9

"> gomi tpe3 2

D 2
1+ 2]

webd Sotulme theu P,

In

(2] ) (]

SPL=PWL+ 2010g2—DT— 3

2 ol pol AAZbY Wow REl Ae wE o 4d

olet sta Wl A AAY )9 SRS

S okal
o= SPLoa‘_l—_’_ 3 r, a, pol| wh

= H




SPL= SPL,— 1010g10i)—6

b
- 7“>§(Q U:H

SPL= SPL,— QOIOg%— 1010g%— IOIOg%

b
i F<g
Lo (~30B/8HA2!)

%}
T

(-6dB/EIZH2!)

Serdiu(de)

wls

FHeallr)

<9 54> AA7E W g9l

lo,
Y
i}
A
o
%)
oft
uj

@ =4 (Reflection) - ¥FAF(Reflection)

Mz g2 2] wiFd AW HAmrt JAlstE A S it

ol A7tk 1ol A JARZ(e,)=HkAFZ(g,)0lH, =H S ¢, 2 o3 2 2 (Shell
Hz2)o] A e

sin;, ¢

sinf, ¢,

047]]\1, Cyy 0231:—" ZJI-Z}QJ UH;G %‘94 %5—1\‘
HEAL H o] A gw ey whab o] mhife] H s}l %’& 7ok shm, wkAbAC A= MY
o] wgol wla] wl¢ #E& wWeo} F owi= <a¥ 39>9F o] wkAlslal I FEA SRl

""H%%*f’%?i%ﬂﬂ."@ [SA w20 M8 IS 10kWS
- 64



<719 55> M HA ] HEAL

® 3] 4 (Diffraction)

e So] ExlA G G333 7)o Fo|Ro] So] QAL AS FAo|Eol =77}
AALZ ] SR Yg 3\ FoE Hol 249 (Sound Shadow)o] A71A v+ w4 H o}
22 e E (S A2 F)olgtH Solzl 2~ (Huygence) D&l oal] &7k ol
o QEE7A BolrbA deE=d oy | 3|dolgt g}

o < 40> sollze] Aok garb EAge] Fud Fge d4S e
Ao 9o A7 AT 42 Ae<nde Lge EE T34 BE
Wekow slduo] HAUs BolFa gtk

e Mg aeiadern (4 LS4 HB JISE 10kWS SSLIAAHY g A7)



EEAHIL

D

o 34

Ko
=]

<13¥ 57>

s

Aglel ¥ w7k Wojx

-
1o

27 S o R dud o

ol

-
e

o} 47}

x%xé ;_q—

A ol M

) Stol7H7 Lh

A=

FEHof

717F A

arL
[}

s

A}

B

R

G el wet o

3

59

i+
_EH

Bl

;.O,._

D F719 9

—md
le

=

7] Zr& Aol

arL
[¢}

<)

SH
=

A5}

=
=

A7, me T9Ael(1m)

27 FE o= 1)

my +m,

m:

et

_—oﬁH

%

&l

s 9 He Aoew 1

o Wl T

N
Ho

3
N

)
4

i
A
i

X
iz

N
Mo

Az

N
Ho

_66_



, 20T LxoA A

agiluAe] g8 Hetd Ao

wo we
O]—

upe} F=3k5 1kHz ©]

{|m

o)/
TH

7 Qom el 27

F7F SEFE AAA "

73

1
1

i

o

K

&
3
N

i+
folm

)

SEE]

=
=

100m

oh dukAd o= 1,000Hz7HA =

T

_Eﬁ

257} wa,

el

i+
_EH

o
4

o
o}

B
22!

TH
B

)
_EH
o)

4
!
o)

)
25

|

i+
.EH

o
4

—_—

ox

14
.EH

S

Eiass

sfolof

aLe

e g

!

e
ey

N2

N
il

of u}

B
22

[& 6] A

2lo|-|jolelvlvlvy
%01310000
M lo|lowlolo|T (29N
T |20 2® Sl
S BRIRIMIEIRER AR AR
)%n_/___/n_o__/34_IS4
[an]
©
_%_W.I.,I.E?__b.ﬂnv.ﬂ
= YT oo PIY Y|
o
K
W89269.19.6.
MW S ||| ol T|a|@|©0
S | Sk
=
KE | ~
S [N |R|©C| |99«
L |0V |vIoS 0N
N
5 QISR T I2|«@
N (0| W | v W o o|<
Hlolol—lolololo o
%55655555
a0
B — | % o 0
N | 0|y =
bl c | = | *q | =
_gmw:_e_@__m“%xw
A = | K KK
eS| < M
)
=5
=3

A

o)

4
o
o)

alln
A

%
q

il
)

Hol F5A o) ¢HE 30m o]

REASREES

S

st
ol

2347} o

oh e el o gk A

o

U
0|

A
it
o}
T
%
Mo
o)
o

—_

)
NH

|

el

)
o
R

=3
10

_o/]

Aoz 7470

_67_



el
Hr

W

ﬁo
=

&

X

o)/
;OO

‘.m.O

i

ﬂ
A
]

o}
T

0
_Z#O

—_—

Ho

aa(2)

43(8)

/.—""

TIs(®)

T,

\

%

T

I,

Al

nei(4)

ol g go) B4

At sgdel Az

o

0

0

o<

M
of
ﬁo
%

fite)

T

o
v

e

X

™

UL

LEEH]

B2 e U E~12m/s)

w

-

o

L L i
=) ® @ b
2

(BPIFRIB

125 250 500 1k 2k 4k Bk

83

F0h4(Hz)

<19 59> v o

7}

3

b2

() 2ee)

shed, 19604 o <]

FolA A%

A

|

ofe] 7HA a<le Ay

ISO/R 19969 M4,

279

7P 19509 W] L, Ly, 7

A, 190\ ] H-E]

sl

o] Algky|

s

=0

H

ﬁrﬂo
%
0

%

-
1

TNI=

1
o

A

AT}

_68_



3 #AlolW, FUel 2L ATFARANNE 1,5 ol &ah Ak

=

Lea
(gis=Sn 22
HEHXIE 3=
/’ggaﬂagww

HES

T Al 2t

<ad 61> L, /N

el B

of,

=5

7] 48

[

=2
S TT

Over All SPL(Sound Pressure Level)
dB(A), dB(B), dB(C), dB(D)

LL(Loundness)
PL(Perceived Level)
PNL(Perceived Noise Level)

Al (Articulation Index)
SIL(Speech Interference Level)
NC(Noise Criteria)

NR(Noise Rating)

Loo, Lso, Lio

NNI(Noise and Number Index), Al(Annoyance |ndex)

X g0l Jlx=et ot

Q@ (Disturbance Index)

L, (Average Sound Level)

L,,(Equivalent Sound Level)

Ly,,(Equivalent Sound Level with Threshold)

TV/ (Traffic Noise Index)

dIE MY HEE NPL (Noise Pollution Level)
Jlzst "ot UNI (Unified Noise Index)
Al (Annoyance Index Switzwrand)
ASHEY AHEH HEHO
o CNR:(Composite Noise Rating Community)
Jlz=st HOt
LSdey ASHEHO HS | BS 4142
L HIFASH D=8 HOF | IS0 R-1996(AISIBHS 0l 28 ASHIIY)
NEF (Noise Exposure Forecast)
ZI Y, 23~ 5t=2Al | N (Isopsophic Index)
2HOl DI=8F Ot R (Classification Index)
WECPNL (Weighted Equivalent Continuous Perceived Noise Level)
wl e A2areladen [Ta WS g Jiss 10kWS SSLTAAH JHg A7)



COIEEEREE

e

2Mel aglvArE 2 W, 7

=
L]

Fo}

]
yul

" (Leq, Equivalent Sound Level)

o)

7ha

=2
[}

7h)

M oy ol

o T
s wh ojn o
m B 4 )
~o ,Dl &l
ENg sz
) Sz woooL P
\_ﬂOI S —_ V 7m_m
9 3 M T
T 5 s ¢F
O
M o o M dOﬂ o)
> ﬂ 17m v‘:mrvﬂ ok O OﬁU
JJIO f L
2) ﬂ — _+U %T A ‘A‘#
- Sl = S on
) T n o3 o
~ . g = N TS L
= ~ 8 .
B ﬁﬂ]_ ‘| I W R < = = 20
e S o = ~ T o
& = .8 3 wos
ww wﬁ_m S\ X WM & =y mﬂr = on
*® s Lo E L By
Jx i % I~ @ e
RN N = NN o 3 o Mooy =
b =T XY 2 -
.. Gl = N
m 8w o 5 - M T 2 4TI
T g TXE 5 diw
Moo Bl ~ = 3] % X ol
o| Mo o)/ = . 9B T p W NS
RN o s & e ws
S TP n oz I I
i ! < alls = T = LB NS
il ‘W o) &0 Mo olp ol VL = K.
o ik E a5 kg
" = n o = CINAR
WL o mﬂu . T Mo v R o Nr 1m|, ﬂw %,
VI N Rk m o S
° EO @ | |

9]¢} 2ot

_70_

@ =7+




ofol

=]

- dB(A)]

L

L

B

S

IS

3]

[l
5.0]

<

A2

5

o,

A6 A1

=

3o},

LR

[e)

=

(=)
S
Q 5 | B | B | ®
30 2 > =} > s | =
S o 0 o o) o
oo < < Y] O O
&
o
=)
=
B X ic o o 16} e}
S| ) s| 5 |35 |3
MR g o) o o) o Yoy
=< BE < Y] Y] © ©
e
=)
=
% 5 5| B | B | ®
K > s > s | &
S o o) ) Yo} o
5o Yo Lo © «© N~
©
A
< = o K- = s 00
R R A i
i K
8 I+ a0 TR Kb |8
R R (R 3R[- MR
NoRr - N | K |8 RI|GD
T R waZuld ooz
R mw MR w A YT m S
o |F K0 » o1 o |a o 20 Dol
5 ar STlko ™ f Bk Ik
T = 8 lor o =g |ar
O = = BN = 1 =
00 ot = 8Mgo o0 W= R|=
Kl H Kl ROy iy
UE . —ll—)l . IAI_ . .
3 [m) 3] =]

ol -5dB

e

[¢]

]

oo = wm
agel 4 4

1.

—

[e]

=

a

o] 12.5% ™|

+10dB, 25% ©]* 50% ®] Wkl

[e]

Ky

1

kel

o
gl

+15dB, 125% ©°l|% 25% 7]

[e]

F

ol

=

il

"o frobu g

=K

cl

sl

3l

el

}

k]
o

af Al Adnolt

S

B A (]

ol
X

il
X
NE

ﬁo
)
i)

A AAM o 2RE 50u]E oo x| o] FE

SEERE

g2

= X
y=

Ao} =] w

=
p=

=

%) gofel 4o

el
o

_7‘|_




o 4 X P N&loa, me |  w o
= Selax| 60 05t 65 0|5} 60 0|5}
XM
SUHUHA 2202 &I} 50 0|3t 55 0| ot 45 0| ot
=TS =R, pelxes |’ ol A ° °
HEAF 2 22 FIHEUEN =k 50 Olat | 55 0lat | 45 0l&t
2, ReiSALAT, 8ol X
O ATHEH B - .2 | A s 22 45 0|5} 50 0|5t 40 0|3}
=Y, S - - -
X JIE 50 0|5} 55 0] 5} 45 0|5}
AR 60 0|5} 65 0|5t 50 0|5t
& 29|47 65 0|5} 70 0|5} 60 0|5t
A
o | SUWoA =22 ®I | 60 0l 65 0|5t 55 0|5t

I o3 60 0I5t | 65 Olat | 55 oI5t
- A A s e 50 0I5t | 55 0I5t | 45 0I5t
= JIEt 60 OlGt | 65 0I5t | 55 Olat

2 A= 65 0I5t | 70 O3t | 55 0I5t

[¢+9]:dB(A)]
%) AZETHS 22 @ OFR(05~07Al), M= (18~22Al), £(07~18Al), 2(22~05Al)

(2) A& AA

N
=
A
4
=
=
fr
2
off
Lo
2
ot

10 iy
g 107 Ry
£ ig
Hr
R 107°
0.1g
107~
0.001g Q.01g
10‘5 1 1 1 1 1
1 2 5 10 20 50 100
FM3=(Hz)

<ad 62> Fx=ol U NErtEEe 9




[3E 10] A&l A 159 883
R. Westwater
HAEQ 2 ZI &= [SR=PNEE
289 A= 0.203mm 0.067mm
wel2 —m Ast A2 0.406mm 0.135mm
A.G. Reid
ALtk =7 =E 0.406mm
=8 2 AS 0.204mm
wel, Qe JE 0.127mm
E. Banik
&Mool oS 5mm/s
Z0lgt =4 10mm/s
oget =2 50mm/s
NSEEZE AF
e 2 &4 100mm/s
F.J. Crandell
ool I >84mm/s
I| o 2 A4 >119mm/s
J.R. Thonen & Windes
ASIIHEEE 73 HoHIF LOAHLDI AIZSH [TH >1.02g
Ot EH 2| <0.102¢g
(th 2% 27
@ 71719 74aH

71717F A& S & o TASE el oF Y Fe vad 2k




3]
=

&

F3L whetel o

75

tH, <29 63>3F o] 1A-FAS] JNeA= A

S

fite)
B/

=]
N

RS

)

—_
file)
0y
B!
el

e

X

a
[a\] ~—————
- S
NG =
- +
-~ ™
<t —
+ P
— rJTM
—_—
_
—
N
I
TW

(Hz)

&+
ﬂmo
~

N2

_74_



K 1 g 1
== L =3 Bl
2\ m 2V 6 8 )

1

fo=

A (kg/cm)

1
4qr

ﬂﬂO ‘_..ﬂal
o
g g

o
oF
T
e
H)
<]

o

&3 2.

= o

- TTJ_’/]‘ f/fo‘o’] 3'{1‘74]

3} o] v

KeN
™

oJuz 9 Ao

o171M, Fel

42 38}

=
=

A7NA D8I/ f,)

|

—_
o

el

b AAREM <9 48>, <Id|

9 Aol 2
19>} 21},

_75_



(HEERENN

f= a8/

4
AREES fi(E)

- = ©
o -1

() g BKRA

0.2
0.1
0.06

0.08

- —2}

\ %\

‘\
[EER

74
Z

—0.2
e SERANY

0,08,

(8]

=0
.

S

7

S (473}l

8 10

58

4

2 3

iz

BESY fIfe)

AT

03 04 0506 08 10

02

o1

0.08
0.08
.04
003
002

L]

o

il

Ry

1]

’

1

K

M|

0

™
el
Njo
o)
o
o~

—

X
®

rvze)

135 11716, 2E 9717

ﬁo
xr
iz

o

wK

olp

4

A
ol

A

ATl A=

e

7] (wind

o

= < 66>9 o] A

turbine)

Mo

Mo B
N
N

o
wo

=l

[S4 YYSN0 X8 Jts
- 76 -

(o]

a

7hH 7




- Wind Turbine A}%&

obel ® 99} 2o,

- A5 Wind-Turbine @A #|¢): 16m x 16m x 30mI)-A*4 8% +%

S A5

<1¥ 66> AT

[3£ 11] Wind Turbine specification

Level7_7F_Floor

Level6_6F_Floor

Level5_5F_Floor

Level2_2F_Floor

Wind Turbine7 3=

am — Elevation(m) Turbine | Blade Blade size(mm)
Power No. AAD x EolH

Levell Ground base 1F GL+0 - - -
Level2 2F FL GL+5.5 - - -
Level3 3F FL GL+9.0 - 5)
Level4 4F FL GL+12.5 3.5kw 20 3,000Dx2,000H
Level5 5F FL GL+16.0 5.0kw 24 3,800Dx2,000H
Level6 6F FL GL+19.5 5.0kw 24 3,800Dx2,000H
Level7 7F FL GL+23 3.5kw 20 5,000Dx2,000H
Level8 8F FL GL+26.5 - - -

o MEslaTea [C& YYSH0 HE JHsEt 10kNS SALTAALY Iy o13]
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=4 ZAL wind-Turbineo] ¥ #3F HEHZ 4%+ ZHo|th =, bladest dZ2% 7+
719} HAE7] Abolol 5o AEE A ¢k EH AH ol

¥ 12] Turbine 91X (F)°l W& AF7i&5x o

- = SIS E 2lE(dB) E-
SESX X Y Z (Max.)m/sec
1F 44.7 45.6 34.4
5F 53.8(63.3) 60.0(67.7) 58.1(65.5) 5~6
6F 56.6(64.3) 53.7(62.3) 68.3(75.4) 5~6
7F 51.4(60.5) 63.8(77.2) 54.7(64.6) 45~5
gz 53.9(62.7) 59.2(69.1) 60.4(68.5) 5.25
=o1), ()= =& Al S22 A
F22),252 zlHEX2Z Air-shroud &7 S5

- 13 AT Bt JertEEs ANl theko] oF685dB, W&l st

@ AZ 2o w(ISO 2631-2)A%F AAA 9} i

Fof wE ISO 2631-29 B7} 7]%E o] 438te] Wind-Turbine 7Z%
7bek A § Rsk Aol AL 1Y AFA osE vEwth B Ay
Azt o ASE Ao W%E gH(Peak hold)S 2 -§3to] 3713k Axjolt,

2

[3f 13] AF =9 &0 W& s A ISO 2631-2)2}F H] L

- = ISO 2631-2
Hl 1
EAAXI X Y Z
1F High tech building zone | High tech building zone | High tech building zone

5F High tech building zone | High tech building zone | Residence building zone

6F High tech building zone | High tech building zone | High tech building zone

7F High tech building zone | High tech building zone | High tech building zone
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1E-3 1
100
1/3 Octave Band Center Frequency[Hz]
<7¥ 67> 1SO 2631-2 7AFE %5 A (Z-Vertical)
| 1SO 2631-2 (Horizontal-X) |
A0 ’f’{/} — — ]
Workingarea_—~—" _~ =
. —
I Office Building—~ o -
=’ 1 EResidences _— — A -
o / A A
T AN 1 NN\ -
FHigh tech building S
IS TSNS CoN\ NN
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1 10 100
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[3E 14] SEAlgol® £ X%
2 = Peak amplitude B
= (Velocity Time history) mm/sec Vector sum =2
_ _ (mm/sec) (mm/sec)
E=RSEL DN X Y Z
0.03 0.05 0.01 0.06 <3.0 (0.K)
0.2 0.29 0.18 0.40 <3.0 (0.K)
0.24 0.2 0.48 0.57 <3.0 (O.K)
0.28 0.35 0.22 0.50 <3.0 (0.K)
(th 25 549 29 ¢ &4
2 RuddE 258475 AL FA7IFA A Wind Turbine]
A= F7F 9 A YO7~184)e 7HEsHE 2122 50dB(A) °3tE Ag7FE
o2 AsAh
o SEIHE wi=d A4S H(dB)
- A 5~7F7HA] 3709 Ao YANAM A2SSH A= ¢ [F 14]9F 2
- 54x71% wind-turbine®] ¥4-3} AEHZ &AE = 7ot
- [ 15]¢9] S<4el®e turbine blade®] LA ANA =43 Az ASwHEe Ay
Az 7b 287 271 wnlt) 6dBUAGE 9ol WA oA turbined FAA
oA 20m B o AAsH AS7]+S 2 50dBA)Y THESt s 23E IS
Ao g Hr}
[3 15] Turbine 91%|(Z)oll W& SERR W= A5
2 2 0A Octave Band SPL per Frequency [dB]
=X dB(A) | 63 125 | 250 | 500 1K 2k 4k 8k
5F 65.9 65 53.1 51.9 52.4 50.6 45.9 45.6 45.9
6F 63.2 58.3 52.7 56.7 56.2 53.3 46.8 46.7 46.3
7F 61.7 59.9 51.6 50.4 50.5 47.2 44 .3 44.7 45.7
Z=0|1) O.A.(Overall Value) : SEIEBHE =0}2=01| oHEol= ASYEE 25 gHitst e
[SA =200 2 JIsSE 10k ZEUFAIA
81 -




dB/20,0u Pa] 1/3 Octave Synthesis(Signal 12
MWorking ¢ Input @ Input : FFT

SD_'| |

125 250 500 1k %

<71¥ 71> 5% wind-turbine ZEFEEH A=A Ay}

[dB/20,0u Pal 1/3 Octave Synthesis(Signal 1)
Warking ¢ Input ! Input ¢ FFT

ol ]

125 ‘260 500

<71¥ 72> 6% wind-turbine = E}

T

L

[dB/20.0u Pal 1/3 Octave Synthesis(Signal 1)
Working ! Input ¢ Input : FFT _

w0l

B0

40

20

B3 125 250 500 1k 2k

<1 73> 7% wind-turbine SEFRH 22 A3}
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<719 74> Physical concept of the model wind power generation system:
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<Z1¥ 75> Configuration of the developed model wind power generation system; (top-side view)
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a9 9% v

<71 76> The model wind turbine system with the guide vanes and
turbine impeller installed at the test section of the subsonic wind
tunnel.
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<71 78> The model turbine impeller assembled with 16 blades and

mounted on the test bed.
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nelste] B ATolA Awd mu FEwagAe] AslE Agste] stol=uele] av)e
Sastan FHEN GBI FE 1209 A8 Fastel Asste] 49

55 RAFH HAM(test
=

area)«] TG 2d FHEHEHNES A EAe 4y 3 AdATE
A8t Bl AsEES AEsAT
Straightener Model Wind Turbine
: Contraction Nozzle
e Test Area Diffuser CrOSS-section
Wind Generator of Test Area
) 2 | v = )
| 7 vl = e
hLEE I 1%

25m
- i 2.5m
52m

27|1R=83

Eﬁlﬂll
<71¥ 79> Top-view of the 4.5x2.5x25m open-type low speed wind tunnel.
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1 J ;
Turbine Impeller _

Electric Brake System

<719 80> Assembly of the electric brake system and digital
torque meter with the model turbine impeller.

h B SR Ad Fa Agus

EoAfgoA AA/AFE FEHEHAA L Jloj=w|ele] 7|7 36m x 3.6m x 1.6moO]
e FAAEE 3FE Yl gdH@e|E Fig 404 ®35o] 9170] 1.0m, WZAe] 0.4me]
wogule] 7157t 8, 1670 2 /& AlZste] AF S AASHT. Rl dAFAE FF5
Al Hol Ax & F59 78 F5S ddsty] da duEdds dAstg e 1 2y F
T W&o Wl w2 Hu F50] 85m/sE ASHJLE o]F ZAR AL I FX
& AR

WA S T EE S Am/s, 6m/s, 8m/s 3TAIE vro] Ao oju nige] &k
s exe shol=uel del AW 35mel A Z4selch

[3£ 17] Experimental Parameters and Its Ranges
Parameter Range
1 | Wind speed 4~8m/s
2 | No. of Blade 8, 16
3 | Wing-tip clearance 10mm
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(a) No. of Turbine Blade : 8ea .
(b) No. of Turbine Blade : 16ea
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T 250 Su - %-
3. .
5 200 e 4
" 150 \ 2
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5.0 \ \\ F X
0.0 : : \ \.
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Rotational Speed of Turbine (rpm) . .
Rotational Speed of Turbine (rpm)

<71¥% 81> Variation of the model turbine speed with the brake torque with the change of the wind
speed.
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Brake Power (kW) of Model Turbine @ 8 Blades Brake Power (kW) of Model Turbine @ 16 Blades
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<71¥ 82> Variation of the brake torque of the model turbine with the turbine rotational speed with
the change of the wind speed.
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Scaled Model (1/5 scale)
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3

<Z1¥ 83> Variation of the brake power of the model wind turbine with
the wind speed with the change of the blade number.
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<719 84> Variation of the brake power of the prototype wind turbine
with the wind speed with the change of the blade number.
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<Z1% 85> Configuration of a Physical Model of the 10-story Wind
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tower flow 15.0m/s

<71¥ 86> Velocity distribution on the 7th story of the wind tower

Prassure, Pa

townr flow 15.0mfs

<713 87> Pressure distribution on the 7th story of the wind tower
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<713 88> Turbulent Kinetic Energy distribution on the 7th story of the wind tower
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44 2 (Governing Equations);

- A& WA 2] (continuity equation)
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14 2 (momentum equation)
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<Z1% 89> A typical numerical grid of the model wind tower with the
(130x124x121) grid size
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towar flow 15.0m/ =

<Z1% 90> A numerical domain of the model wind turbine; (domain size : 250m x

80m x 116m)
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+-&5% 4 2 (standard turbulent model)®] W ¥(convection term) AAHS 93l stolH e =
(hybrid scheme)7)® & A}-&3F ok
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- Inlet : i: AA ZA(Vwind = 15m/s)
- Outlet : f&5%0o] &3] FFF A= 218k FHA A=A (Pout = latm)

- Surface of model tower : No-slip Al Z=7

Low wall : 353 543 S22 49
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FH wind shear’} StolAH AWHEE7F =545 XWOZRE wind shear7bsolZth &
St SAAHol T Eol7f E2NA ol FTHo] FAHEHNS AF A)S Hel gk
QA MHo g AYstA 2(4)¢2°] wind shear AF=o] 7} &bt}
U(z)
In ( )
N )
In(-Z)
Z,
2. =AAH ML
a9 25 1A 1gaSEA et B Ao e I 79 A TEY S T
o FATA I A 1022 Aol =A% HolHE nlg oz BAS 39t
[3% 18] SAEAAHY /MeE Ve
[ 18] SAHEMAHE /e
- 59 7 H Hb ht ha hr
HE5A A
(N) (E) (m) | m) | m) | (m) | (m)
105 | % | Gangneung 37°457 128537 | 26.0 | 275 1.7 179 0.6
108 | A= Seoul 37°34° 126°57° | 8.8 | 86.5 15 10.0 0.6
112 | <14 Incheon 37°28° 126°37" | 68.2 | 70.2 15 10.0 0.6

119 | =< Suwon 37°16° | 12659 | 341 | 355 | 1.5 | 187 | 0.5
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24k
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H
e w7o] sftizo] (Height of observation field above mean sea level)
5 719HA1 9] @jdti=o] (Height of barometer above mean sea level)
nt 25 A9l =] (Height of thermometer above the ground)
b &A1 A AF=o] (Height of anemometer above the ground)
a
i LA o] A AFEo] (Height of rain gauge above the ground)
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Effect of Rear-Vortex of a Convergent-Divergent Duct on the Flow
Acceleration Installed in a Vertical Structure

Kwang-Seop Chung, Chul-Ho Kim*f , Hyun-sung Cho®
School of Architecture, Seoul National University of Science and Technology, Seoul 139-743, Korea
*Department of Mechanical and Automotive Engineering, Seoul National University of Science and Technology,
Seoul 139-743, Korea
“NID Fusion Graduate School, Seoul National University of Science and Technology, Seoul 139-743, Korea

(Received November 26, 2012; revision received January 8, 2013)

ABSTRACT: A convergent-divergent nozzle or venturi nozzle has been used to accelerate the
wind speed at its throat. The wind speed at the throat is inversely proportional to its area according
to the continuity equation. In this numerical study, an airflow phenomena in the venturi system
placed at a vertical structure was investigated to understand the vortex effect occurred at the rear—
side of the vertical structure on the air speed increment at the throat of the venturi system. For
this study, a venturi system sized by 20(m)x20(m)x6(m) was modelled and the area ratio(AR) of
the model venturi was 2.86. To see the vortex effect on the air flow acceleration in the venturi
throat, two different boundary conditions was defined From the study, it was found that the pressure
coefficient(CP) of the venturi system with the vortex formed at the exit of the venturi was about
2.5times of the CP of the venturi system without the vortex effect. The velocity increment rate
of the venturi system with the vortex was 61% but 9.5% only at the venturi system without the
vortex. Conclusively, it can be said that the venturi system installed in a vertical structure has
very positive effect on the flow acceleration at its throat due to the vortex formed at the rear—side
of the vertical structure.

Key words: Venturi duct(¥l 2] %), Computational Fluid Dynamics(dAH+-#15 2 8}, Vortex

effect(<}+ 2 7})
7l & M4 Vwind > wind velocity
. Vin : velocity at throat,
Cr : pressure coefficient Vin  velocity at the inlet of venturi nozzle
Ar . area ratio
Rvr : velocity increment rate
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An Experimental Study for the Performance Analysis of a
Vertical-type Wind Power Generation System with a Cross-flow
Wind Turbine
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Abstract In this experimental study for the current growing offshore wind, a wind tunnel test was conducted
to examine the performance of the vertical-type cross-flow wind turbine power generation system. Due to the
limited size of the test section of the wind tunnel, the inlet guide vane of the original wind power generation
was scaled down to about 1/5 and the turbine impeller diameter was also reduced to 1/2 of the prototype
impeller. The number of the impeller blade is another important parameter to the output power of the wind
power generation system and the number was varied 8 and 16.

From the analysis of the experimental result, the output brake power of the model wind turbine was measured
as 278watts with the 16-blade at 12 m/s of the rated wind speed and the rated brake power of the prototype
wind turbine is calculated to 3.9kW at the rated operating condition.

Key Words : Computational fluid dynamics, Cross-flow wind turbine, Wind tunnel test, Wind turbine

1. M2 e, 8, 25, 29 59 o2 E79 AAeA
off wlsf oA LIz} o o} 7o) 7R 7h WA
ti719] ZIgkato] ols) WAEke ulEre] oS ZhEolRkelch. H ulge] WAkt A7l 7 AAre] ulge]
A7 R 2= HEksly] el oflux] wigkgAz e HlE] et s EHouA] Ae] Jidel S
g Astel Bga) oa Qrk FEoluAE gy AX=E] A5 YA gl
2 =l FESYT HAPEANE AIEARI S AR RAEA S 12T EAIC127)0] o3 3= 5
“Corresponding Author : Chul-Ho Kim(Seoul National Univ. of Science and Technology)

Tel: +82-10-5219-6304 email: profchkim@seoultech.ac.kr
Received February 4, 2014 Revised March 3, 2014 Accepted March 6, 2014

1272



I5Y U A48T £4% FAPAALEC] AU AT AW AT
FPUAL 9o hgeliAY] AL TA A AR Aol ER BUT Bl 5] D 7147t sApRe 167

2 = Qlrk = uiee] WA F4 o3 uige] AgAel o uk ofuix] Ego] ke AR o 4= 9k 3 8mis

Hlete] Be AR Zag Asolch ol ZHol B o] FollA WA 714k 8 well A) =i} 437

Ko] 745t o] wre.
B A el
T FRN2Ee B4 mAL ARstgon A

Gl 714=9] Wate] wE AleEY
me Fdga e A daE

A AN A e 24

1.1 59

wE Fejuaa)
5749} B29] 7]
FeuagA R 49
%74 Hyle] 57
=)o), ¥4l djel 7

gtk AHLE

7t

I
T %

=8

()3\]1\

111 5

Fig. 10]lA]

Hatofl 2

o) N o) R=4C)

A Qo] 2%

St

o] A&

= Zhalehs A

Number of Turbine Blade : 8ea

=

4500 1

40.00

35.00

30.00

25.00

—m—am/s
20.00

—m—sm/s
15.00

sm/s

Brake Torque of Turbine (N'm)

10.00

5.00

0.00

Turbine Rotation Speed (rpm)

(@)

Number of Turbine Blade : 16ea

Brake Torque of Turbine (N-m)

10 s0 a0 s0

Turbine Rotation Speed (rpm)

(®)
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[Table 1] Specification of the Wind Tunnel

Type Subsonic Open-type Wind Tunnel
Total Length 52m
Test section size 4.5mx2.5m*25m
Wind speed 0.3~17.5m/s
Turbulent intensity (5%

Flow uniformity within 1.5%
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[Table 2] Experimental Parameters and Its Ranges

Parameter Range
Wind speed 4~8m/s
No. of Blade 8, 16

Wing-tip clearance 10mm
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Evaluation of Noise and Vibration for Applicaton of Wind Power

Systems in Buildings

Kwang-Seop Chung’, Chul-ho Kim™~, Kee-tae Hwang™, Dae-won Seo™,
Mun-ki Jang’
*School of Architecture, Seoultech, Seoul, Korea
“Department of Mechanical and Automotive Engineering, Seoultech, Seoul, Korea
“*Econing Co. Ltd, Seongnam, Korea
™ The Graduate School of Industry and Engineering Architectural Engineering Department,
Seoultech, Seoul, Korea

Abstract : Recnet years have seen growing interest in renewable energy. Wind energy is
recognized as one of the most important sources of renewable energy. Also, integrating wind
energy system into building design is a smll but growing trend. However, in the case of
wind energy on buildings that produce noise and vibration problems. Thus, this paper
discussed a dynamic characterization test for commercial wind turbines. The test results of
noise and vibration of wind power systems are satisfied established standards for
residential areas.

Keywords : Wind power, Wind turbine, Noise, Vibration, Inergrating wind energy system
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Table 1. Specification of Wind Turbine

. Blade
T Floor  [Elevation(m) ’Il‘)tz)r\l;ler;e B;?:e size(mm)
) DxH Level7_7F _Floor.
Levell |Ground base GL+0 - - - | \‘ r Level6 6F Floor.
Level2 2F FL GL+55 - - - ?0 Level5_5F_Floor.
Level3 3F FL GL+9.0 - 5 \

Level2_2F_Floor.

Leveld 4F FL GL+125 | 35kw | 20 [3,000x2,000
Level5| 5F FL GL+160 | 50kw | 24 |33800x2,000
Level6 | 6F FL GL+195 | 50kw | 24 [3800x2,000
Level7| 7F FL GL+23 | 35kw | 20 |[5,000x2,000 &
Leveld | 8F FL GL+265 - - - Fig. 1. Wind Turbine.
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.
A% 1% 2 5~7% 744 47e] 9RolA EFHE AEIEES] SHAE <Table 2>} o] 543

ot 5432712 Wind Turbineo] F4-3F A2 45+ 202 F452 Ait-shroudol| A9 Hul &

Table 2. Acceleration of Wind Turbine

Measured Location Acceleration Level(dB) Wind Velocity
X Y Z (Max.)m/sec
1F 447 45,6 344
5F 53.8(63.3) 60.0(67.7) 58.1(65.5) 5~6
6F 56.6(64.3) 53.7(62.3) 68.3(75.4) 5~6
F 51.4(60.5) 63.8(77.2) 54.7(64.6) 45~5
Mean 53.9(62.7) 59.2(69.1) 60.4(68.5) 5.25
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Fig. 2. Comparison of ISO 2631-2 and Measured Acceleration.

Table 3. Velocity of Wind Turbine

i . Peak. amplitUde Vector sum 37}k
Measured Location (Velocity Time history) mm/sec (m/sec) (m/sec)
X Y Z
1F 0.03 0.05 0.01 0.06 <3.0 (0.K)
S5F 0.2 0.29 0.18 0.40 <3.0 (0.K)
6F 0.24 0.2 0.48 0.57 <3.0 (0.K)
TF 0.28 0.35 0.22 0.50 <3.0 (0.K)

3.2. &8
<Table 4>+ wind turbine®] 4% £&& el Aol A FAA G A= ot A 45dBolsHE

8738k 9lom, <Table 4>9] &¢#S turbine bladed] A4 A8 A=z ASyue dut

Ae7t 2vi7F T2k wivith 6dBAAsks Gols WAl A turbines FAAHA 20m Hojxl 3ol

Ziell e F=714]0 thFo] Aad Aow ekt

Table 4. Noise of Wind Turbine

Measured OA. Octave Band SPL per Frequency [dB]

Location dB(A) 63 125 250 500 1k 2k 4k 8k
5F 65.9 65 53.1 51.9 52.4 50.6 45.9 45.6 45.9
6F 63.2 58.3 52.7 56.7 56.2 53.3 46.8 46.7 46.3
TF 61.7 59.9 51.6 50.4 50.5 47.2 44.3 44.7 45.7

O.A.(Overall Value) @ SEFEME Futpd 3|dets AS5dds 25 ikbst 3.
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Analytical Study on the Performance Analysis of a Desalination System
by Condensing Method

Chul Ho Kim*, Won 1l Kim™* , Jae Young Choi**, Jae Choul Kim**, Min Sun Kim'

*Department of Mechanical and Automotive Engineering, College of Engineering, Seoul National University of Science
and Technology, Seoul 139-743, Korea
Undergraduate Student Department of Mechanical and Automotive Engineering, College of Engineering, Seoul National

University of Science and Technology, Seoul 139-743, Korea
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Abstract

A new concept of an Eco-friendly desalination method is introduced in this study. The main idea of
the desalination method of seawater is the condensation of the vaporized seawater by solar heat energy
on the surface of seashore. The wind turbine blade plays a role of heat exchanger condensing the
vaporized water in the air. Fig. 1 show the details of the operating concept of the Eco-friendly
desalination system with the wind power generation turbine.

In this analytical study, the vaporized water in air was arranged and the parametric study was
studied. First, an analytical estimate the amount of freshwater produced from the system with the
change of the temperature difference between the humid air and turbine blade, and the relative
humidity in air, and wind speed.

From the analytical calculation, 44,229(ton/year) of freshwater was produced at the vertical-type wind
turbine(Diameter = 4m, Height = 3m) as the relative humidity is 80%, the temperature difference
between the impeller blade and the humid air is 35°C and the wind speed is 10m/s.

Nomenclature
T RE(0) g FHIMEE (m/s?)
7, s PR (1,4 1)/ (C) LR Fel (m)
7, HETE] & (C) A FAHERE] F (m)
¢ 8l (Jkg » C) R HolEZT ()
hy, 3D (J/kg) h,, : TABPIAAA ] P dHGE A
k5T SHEE (W/m - C)
. H : height
1 %529 A (kg/m » s) e'lg (mm)
W . width (mm)
« AgsetEoeta ) AAE A e @4 L+ length (mm)
E-mail : hokim@seoultech.ac.kr A :area (mm?)
TEL : (02)970-6347  FAX : (02) 979-7032 -
o] G387 Sk J) A AF AT oA @ heat transfer rate (J/s)

e L s e A b e e e
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m : condensing rate (kg/s)
L : length (mm)
subscript
sat : saturate
ver : vertical
s : surfaced
f : fluid
v @ vapor
I : condensed liquid
co : ambient condition
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Table 2 size of Condensation chamber
W(m) | H(m) | L(m)
Condensation block 0.3 | 0.19 | 0.003
Condensation chamber(R) 1 09 | 0.37
Relative humidity-air chmber(L) 1 0.9 | 0.65

Table 3 Control condition of experiment part

control method
Temperature control | Halogen lamp

Relative humidity control humidifier
Heat insulation matrial |Extruded polystyrene
Forced convection control Fan
T 1
1 <
1 7
! Al
i go |
i |
1 | VU
NT ~ i ‘e ®
s S NP
P T q@ .~

Fig. 5 Schematic Diagram of the Experimental
System.
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Table 4 Condition of experiment with Relative
humidity and temperature

Condition
Temperature of chamber(C) 30
Relative humidity(%) 80
Temperature of condensation 10
block(C)
Velocity of fan(m/s) 0.0.1, 05, 1.0
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