D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNZERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= B < mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

HOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH [E 0l8Ke als 219 ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

o
)
1
>
—I_l
i)
do
i
M

CFD % A9 23 7EHE A

A9 Qe B AT

rd

A Study on the Performance Analysis of a
Counter-Rotating Tubular Type Micro-Turbine by

CFD and Experiment

20129 2¢



Hre A
= FEh
TEHEL BmXoz 7R
— E‘:ﬁ\\{%@_

20
119 12€ 23¢

i

FZH PR

o

F

7] A F

o

7

o] 4

ofN



Abstract
Nomenclature
AL 7 A B oo .
L1 7 17 B A ettt 1
1.2 Q1T B e 3
A2 FEHY P T2 o A
2.1 FEHE AT T TEZ e 4
2.2 GMNOIE e  QOSML My ..o 5
T b IR, -\ [ SOOI 3
A 3F FEHY S FAL ATAF 10
3.1 £3 A3 AA ... T g Wl ...............cooorrrererirnniessseisans 10
3.1.1 FUHIQD e NI AT TR .....ccconevemcvnmesermreseraeseraneserens 192
3.1.2 BE rerrrecceeres SR TSRO AT - - oecevvevssassessssssssessesssesessisssessesses 16
3.1.3 HEZLT] s 18
3.1.4 MATIEZ B EF ot 19
3.1.5 FAAF T oot 20
3.1.6 FAFRFEI 7l oot e 21
3.1.7 BN B B AFEZAH A e 29
3.2 AAIZTAIZ B ot e 24
3.3 AFTFA] AN AIZ2E] ittt 925
3.3.1 TIAE HEIHIEL Lo 25
3.3.2 QUL E] Loooiiceeneceees s 26

3.3.3 TEAITE A o 28



29
30
30

32
46
1_ e 47
47
49
51

55
58
)
60

61
69
w70

79
84
86

87
95
96
97

105
106
107

N S T O O O O s

o b QNN TEa. <

EEEERRE =

2
5
3
§4) Az

3
ax

e
[¢]

=
o
=
=
o
El

0

o
o L Uw o
G

o o A of M = oF A
OB g BB g BB

9]
X .
e
&3
Fol 45
s
A
1}
=
uE el Ao
3

e
e s
=
=3
=]
=]
=S|
=]

—

H
A
-

o

=0

%
SEHFH s
I}
=]

o

14 7]
H

OB
st wm
B

%o KR

A

Al

w W
o o)

4.3.1.2
.2
4.3.2.1

13
3.5.1 FF Ik Mgl w
Z,:

3]
4.1.1 A=)
4.3.1 i st w
A=

4.1.2 o]
3
A

4.1

NG



A Study on the Performance Analysis of a
Counter—Rotating Tubular Type Micro-Turbine by
CFD and Experiment

Nak Joong, LEE
Department of Mechanical Engineering

Graduate School of Korea Maritime University

Abstract

The differential pressure existing within the city water pipelines
can be used efficiently to generate electricity like the energy
generated through gravitational potential energy in dams.
However, the pressure energy i1s often wasted by using pressure
reducing valves at the inlet of water cleaning centers. Instead of
this, a micro counter—-rotating hydraulic turbine can be used to
convert pressure energy. For the present study a
Counter—-Rotating Tubular Type Micro-Turbine is considered with
the front runner connected to generators rotor and the rear

runner connected to the generators stator. It is possible to



achieve high efficiency or miniaturization by making the generator

diameter in half or making existing voltage double wusing this

configuration. In this paper, the performance and efficiency of a

Counter—-Rotating Tubular Type Micro-Turbine 1is investigated

numerically by a commerical CFD code and experimentally.

The results are summarized as follows.

(D

(2)

(3)

(4)

This study analyzed the performance of the micro
counter—-rotating hydraulic turbine by comparing CFD and
experimental results using several design parameters.

When the flow rate is increased, it is seen that the
circumferential velocity just before the rear runner also
increases. This effect also increases the rotation of the
rear runner.

Experimental results showed that the head, power and
efficiency of the turbine was approximately 5% lower than
the predicted CEFD results. The best efficiency point for
RAs; is obtained at Q=0.155m’/s where n=72.59%,
P=11.47kW, and AH=10.43m.

The best CFD model was RBs3 which had diffuser at
Q=O.25m3/s. When a diffuser is installed, the Head and
Power decreased but the efficiency increased by
approximately 4%. At this condition, the efficiency, turbine
output power and head were n=84.72%, P=14.69kW, and
H=6.9m respectively.

_iv_



Nomenclature

C

Nt

nG

length from trailing to leading edge

diameter of runner

effective head

rotational speed

power Input

output power

turbine power

volume flow rate

torque

fluid velocity

efficiency

turbine efficiency

generator efficiency

density of working fluid

angular velocity

[m]
[ml]
[m]
[rpm]
[m/s]
[W]
[kW]
[m’/s]
[N-m]

[m/s]
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Fig. 2.1 Sectional drawing of counter—rotating tubular type micro—turbine
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Fig. 2.2 2—dimensional cascade symbol and velocity triangle
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Table 1 Turbine versus specific speed Ns

Hydraulic Francis
turbine| Pelton Low Middle High |superhigh|Propeller
Ns speed speed speed speed
Ns (m—kW) 10—25|50—-120 {120—180(180—360|360—430{250—800
0 | AN | i T
20— " ~ -]
Nﬂmn turbines _
10 A
8- |
[D'-]E - Axiel machines B
axmat = =
p I . < Frbpe"eﬂ ]
0.80 =7
1.0 0'-‘)‘#%6_; g‘ i‘- o
08 o o n? \\ -
0.6 +— ®c gl
0.4 l L1 l 1 x5 i
; 0. 4 06 081.
0.1 2 04 06 081.0 ZEN,J I:IIﬁ_“.‘—BEBm 20 a0

Fig. 2.4 [Ns]—[Ds] curves"
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Fig. 3.2 Butterfly valve

Fig. 3.3 Flexible pipe
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(a) Front runner vane

(b) Rear runner vane

Fig. 3.4 Front and rear runner vane shape RAsq



(a) Front runner vane

(b) Rear runner vane

Fig. 3.5 Front and rear runner vane shape RBss3



Fig. 3.7 Pressure measurement locations
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Total Head(m)

Fig. 3.8 Double suction axial split pump
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3.1.5 AA-F-FA

Fig. 3.11 Electro—magnetic water flow meter



3.1.6 AXLHAA

- =

o] FE W o] WA AXS 934 4~20mA =8 ALo] 7}

sotal aLAE A (0.02%) 9] AHAIY] SensysAte] PSHF0002KAAGE

ARk S 0~2kgf/em”® oW, SABMAE dd Uy F4
olmH R Fxto] YT, ET= /Aol FAd Ao sEEE
TS e SAH YR o]Fo] s ER T Ao o]F ¥

Fig. 3.12 Pressure gauge



Sapel BES AP0 UrhlFe B3 2 sd5e 248 9s)A

HELS AFE3l=E 9t B Ay dAEE A =
10kgf—m o]2=2 AAZi= 50kgf-m &2 7|71E AAH3I oW, Fig
3.139] HAdt}k E]lx 3G EAWES] I A5E SAsIe] E8 4|
E2 e S AFEetES Rlth Faket AT EgdEE Alg
A AR 0.09% FEES 7H7l YDRA-50Ko]™, dlolg A4S $3}]
YD3533 Indicatorg #o] F&eigitt. s8¢ 54> EAHEY] 7]
3 AFE =Ast7] fste] Fig. 3.14°) 1Ho]

e
k-3
A <2
i
nt
ot
e
N
rir
il

o] 3EAE 7HAE  AUTONICSARS]  PRL-12-4DNS  A1733}3iT),
4~20mA°] &do] 7heste] AoJFolA deolE e FHFo] rtestEE
&ttt



Fig. 3.13 Torque meter
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Fig. 3.14 Rotation speed meter
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Fig. 4.2 Computational domain of the turbine model
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Fig. 4.19 Velocity distributions for turbine model RBs3 at different front

runner blade angle
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runner blade angle



Velocity in Stn Frame (Projection)
(Vector, RN

[] 0.100 0.200 (m)
]

0.050 0.150

(a) B,,=15°

Velocity in Stn Frame (Projection)
;(Ve;cfor\ 15\

15>~
B

o 0.100 0.200 (m)
|

0.050 0.150

(b) §.=25°



-Velocity in Stn Frame (Projection)
jVe,ct‘o(\n\

-~ SN

1508

[] 0.100 0.200 (m)
1

0.050 0.150

(¢) B.,=35°

Fig. 4.21 Velocity distributions for turbine model RBs3s at different rear

runner blade angle

_.
=
e
=9
o



0.100 0.200  (m)

0.050 0.150

(a) B,,=15°

0.200 (m)

0.100

(b) §.,=25°



[] 0.100 0.200 (m)
1

0.050 0.150

(¢) B.,=35°

Fig. 4.22 Pressure distributions for turbine model RBss at different rear

runner blade angle




4332 58 ¢

T
iy
A
o,

H(m) P(kw) (%)
504 50 100

40 41 40 80 A /\
3041 304 60+
204 204 404
1049 104 20 A
T T T T
15 20 25 30

10

F-n(%)
R-n(%)
F-P(kW)
R-P(kW)
F-H(m)
R-H(m)

thedod

35

The angle of Front runner vane blades

Fig. 4.23 Performance characteristics curves for turbine model RBss at

different front runner blade angle

H(m) P(kW) n(%)
3049 30+ 100
80
209 204
60
154 15
40
104 104 . o)
= = u —O0— R-n(%)
s 54 27 —8— F-P(kW)
A A —— R-P(kW)
S — —a— F-H(m)
—&— R-H(m)
0- 0 - 0 T T T T T

10 15 20 25 30 35 40

The angle of Rear runner vane blades

Fig. 4.24 Performance characteristics curves for turbine model RBs3 at

different rear runner blade angle



X
o
Jo

70

)

—

il

A T

e

4.3.4 ¢

S

A

A
=

bt A o)

Y4 71

o

T

Fig. 4.269} Fig. 4.27

ﬂ
23!

3L, o] 9

ol

49} RBssell o

B8l 22 RBssF U3

Ath. Fig. 4.29%

2=
T

sk
=

2

i
2y
il
T

2 YEhaL 9l

[e)
=

K

1]

Z] A=
(BEP)
P=14.71kW, H=6.9m, 1|3 n

_':‘_|L_
RIE L 2

- &)
T

Fig. 4.30

e

17} 71€RY £ 388 H

[e)

]
=

SRy

o

T

=

S
JA] st

A

A
=

=
=

Q=0.25m"/s| A]
85.03%°] t}.

o34

A 9

-

T

[e)

T

]

ol A

P2

A
=

[e)

&
&
ol A

o

T

Al

T
T

A

A
=

LERY] EokTE uE

Fig4.31 ] A]

A

0

A %

= O

o
o

RENE

B!



4.3.4.1

Veiocity in Stn Frame (Projection)
(\Aeqor h SN

N N \
ak N

;7 .
e o
mosp-1]
»

0 0.100 0.200 (m)
1

0.050 0.150

(a) 0.2m%/s

\(elbciiy in Stn Frame (Projection)
(\(ecloK 1) N
. 8 N S

Im §Af1],

0 0.100 0.200 (m)
1

0.050 0.150

(b) 0.225m%/s



Vel\oc\ity in Stn Frame (Projection)
(\V\ecgor 1
8

0 0.100 0.200 (m)

0.050 0.150

(¢) 0.25m%/s

Veioéity in Stn Frame (Projection)
{Vecgor 1)

0 0.100 0.200 (m)

0.050 0.150

(d) 0.275m%/s
Fig. 4.26 Velocity distributions for turbine model RBss at different flow

rate with diffuser



0 0.100 0.200 (m)
1

0.050 0.150

(a) 0.2m"/s

0 0.100 0.200 (m)
1

0.050 0.150

(b) 0.225m%/s



0 0.100 0.200 (m)

0.050 0.150

(¢) 0.25m%/s

0 0.100 0.200 (m)

0.050 0.150

(d) 0.275m%/s
Fig. 4.27 Pressure distributions for turbine model RBs3 at different flow

rate with diffuser

- 100 —



Velocity in Stn Frame (Projection)
(Vector 1)

8

[m sr-1]

0 0.250 0.500 (m)

0.125 0.375

(a) 0.2m%s — No diffuser

Velocity in Stn Frame (Projection)
(Vector 1)

8

[m s~-1]

[ 0.200 0.400  (m)

0.100 0.300

(b) 0.2m%/s — diffuser

- 101 -

¢/Collection



Velocity in Stn Frame (Projection)
(Vector 1)

0 0.250 0.500 (m)
1

0.125 0.375

(¢) 0.275m"/s — No diffuser

Velocity in Stn Frame (Projection)
(Vector 1)

[ 0.200 0.400 (m)

0.100 0.300

(d) 0.275m’/s — diffuser
Fig. 4.28 Velocity distributions for turbine model RBss at diffuser section

- 102 —



Pressure
(Contour 1)

114972
107786
100600
93415

28743

21557
14371
7186
0
[Pa]
0 0.250 0.500 (m)
0.125 0.375 :
(a) @&! - M(%ser
SV ‘%, ANSYS
Pressure

(Contour 1)

114972
107786
100600
93415

[Pa]

0 0.200 0.400  (m)
1

0.100 0.300

(b) 0.2m*/s — diffuser

- 103 —

€ )Collection |



Pressure
(Contour 1)

114972

107786
- 100600
- 93415

28743
- 21557
14371
- 7186

[Pa]

0 0.250 0.500 (m)
]

0.125 0.375

(c) 0.275m%/s — No diffuser

Pressure
(Contour 1)

- 114972
- 107786
- 100600
- 93415

7186

[Pa]

0 0.200 0.400 (m)
i

0.100 0.300

(d) 0.275m’/s — diffuser
Fig. 4.29 Pressure distributions for turbine model RBs3 at different flow

rate with diffuser

- 104 —



= O ¢ = =
4342 a8 9 2¥€EA
H(m) P(kW) (%)
167 167 100
144 14 4
80 -
124 124
104 109 &
8{ 84
6d o4 201
—8— F-n(%)
44 44 —0— R-n(%)
20 - —m— F-P(kW)
24 24 —— R-P(W)
—a&— F-H(m)
—A— R-H(m)
o4 o0od o0l T T T T T
0.18 0.20 0.22 0.24 0.26 0.28 0.30

Flow rate(m®'s)

Fig. 4.30 Performance characteristics curves for turbine model RBss at

different flow rate with diffuser

H(m) P(kW) n(%)
30 7 307 100

254 25
80 -
204 20 4
60 4
154 15 4
40
10 4 10 A
—8— (%)
—o— n(%)-D
s 54 %] —=— P(kW)
—0— P(kW)-D
—&— H(m)
—A— H(m)}D
0 - 0 - 0 T T T T T T
0.18 0.20 0.22 0.24 0.26 0.28 0.30

Flow rate(m®/s)

Fig. 4.31 Performance characteristics curves for turbine model RBss3 at

different flow rate with and without diffuser

- 105 —



As5HFEE

)

%ONE, Al YA AA

B

—_
o

—_
10

T
i
o

0

i

oz o 7t

=
=

g

&+

o Huel 9%

Frketel ¥

°]

A3 S%olHe] ex2 A dA 3§

0.155m%/sdu RAs, e HAug e

72.59%°]™,

’r’]:

S
T

3L, Q

-

P=11.47kW, AH=10.43m¢
(4) CFD9 A% RBss(Het el 21 47} 5

PN
T

@ e 4
st 25°,

219

ey
y T

¥t
A AAA fEdAe £

(BEP)&

3|
“=

o)
=

&
Q=0.25m"/sdw o] T

w FaL

]

7k 3)<

N

st
N

ol

3L
IT

=84.72%,

ool n

< 7Fak3l .

4%

ok
24

age
14.69kW, 12]3l H=6.9mo|t},

’

A RE

P=

- 106 —



HaTd

[1]http://korea.kr/newsWeb/pages/brief/partNews2/view.do?datald=155
784830&call_from=extlink&call_from=extlink

2] = 2E 7 i Ak d9(2005)

[3] a#dd SAI =94 arefHofope &A141(2008)

[4 ]http://www.munhwa.com/news/view.html?no=201109220103303719
10020

[5] Toshiaki Kanemoto, Minoru Kaneko, Daisuke Tanaka and
Tsutomu Yagi "Development of Counter—Rotating Type Machine
for Water Power Generation(1st Report, Counter—Rotating Type
Generator and Axial=Flow Runners)", Transactions of the Japan
Society of Mechanical Engineers, NO.99—1158, 4—2000

[6] Toshiaki Kanemoto, Keiichi Tominaga, Daisuke Tanaka, Tasuku
Sato, Toshinori Kashiwabara and Mitsuo Uno, "Development of
Counter—Rotating Type Machine for Water Power Generation(2nd
Report, Hydraulic Performance and Potential Interference of
Counter—Rotating Runners)", Transactions of the Japan Society of
Mechanical Engineers, NO.02—0205, 12—2002

[7] Daisuke Tanaka and Toshiaki Kanemoto, "Development of
Counter—Rotating Type Machine for Water Power Generation(3rd
Report, Design Materials for Solidity of Axial Flow Runners)",
Transactions of the Japan Society of Mechanical Engineers,

NO.05-0579, 03—2003

- 107 —



©
o
o,
ofo
ld
ot
1>
u {
=
19
<
B>
b
v
ofo
i
iz
v
4
Wi
2
10
X,
-
)
>~
>,
>~
>

T, HAHE, o]9%, 2007, ‘CFDel 9 A3

By 19 Ajugeld 7z, 20073 % A8t &=Al
AN A e8] =& pp. 408~411.

[12]  You—Taek Kim, Sang—Hyun Nam, Young—Do Choi,
Young—Cheol Hwang, Chung—Do Nam, Young—Ho Lee,
“Tubular—type Hydroturbine Performance for Variable Guide Vane
Openingby CFD”, the Fifth International Conference on Fluid
Mechanics, Aug.15—19, 2007, Shanghai, China pp. 424~427.

[13] old%, WAE, F9=, AFH, ol9=, 2010, "CFDel 92 #F=

dd A ke VxR, 20109 % vk A o]/ e
3]

[14] WAF, o]4F, B3, 478, o]9F, 2010, "FEeF 4wz

T 9" 2010d% ShmsE 7| AEEs] =4
1

B, oleds, 2010, "Zulel A4e)

_%
Astel] mE FEHE b Ak A, 2010d % gheal-A

- 108 —



Aol ets] EASt=ts =4, pp.192.

[16] Nak—Joong Lee, Ji—Hoon Park, Young—Cheol Hwang,
You—Teak Kim and Young—Ho Lee, 2010, "CFD Performance
Analysis of a Counter—rotating Tubular Type Micro—Turbine",
The Renewable Energy 2010, O—SH—3—-1.

[17] Nak—Joong Lee, Ji—Hoon Park, Young—Ho Hwang, You—Teak
Kim and Young—Ho Lee, 2010, "Performance Analysis of a
Counter—rotating  Tubular Type  Micro—Turbine by CFED",
International Symposium on Low Carbon & Renewable Energy
Technology—ISLCT2010, pp.354, P—SH—-002.

[18] o<, A&, 4=, A4, o192, 2010, "CFD 23 =
el Zh=el mE FEHE ARk A 54" 20109% FA71A
AN Hxs] =FF, pp.111~112.

[19] Arno G., Robin S., and Domink S., “Kaplan Turbine Runner
Optimization by Numerical Flow Simulation (CFD) and and
Evolutionary Algorithm”, Proceedings of the 23rd IAHR Symposium
on Hydraulic Machinery and Systems Yokohama, Japan, Octorber
2006

[20] Torbjdrn K. N., Johnny R., JOrgen R., and Ole G. D.,
“Propeller Turbine with Two Contra—Rotating Impellers and Built
in Generators”, Proceedings of the 23rd IAHR Symposium on
Hydraulic Machinery and Systems Yokohama, Japan, October 2006

[21] Daisuke T., and Toshiaki K., “Experimental Study on Design

Materials for Solidity of Counter Rotating Runners”, Proceedings of

- 109 —



the 23rd TAHR Symposium on Hydraulic Machinery and Systems
Yokohama, Japan, October 2006

[22] Ales S., and Jiri O., “Shape Optimization of a Kaplan Turbine
Blade”, Proceedings of the 23rd IAHR Symposium on Hydraulic

Machinery and Systems Yokohama, Japan, October 2006

- 110 —



WA 2

— — o~ = ,
S SETErgITeizTIE:R
0 = -~ - R SN Ay A T
D T - &v %0 _%m T = WM Wo B e
O R R S G R S~ B G G
LT ® F U oo H T o= = H M o &
1¢ﬂﬂiquf%%ao%ﬂmcwar.ﬂ
T P o ox o m M = F T om g T O
R R 0® H X o % - —=
N N G — o9 X o BoAn 2y
p— 1I — —_ i ~ 7D H;I \w — o
< &) T o N - i oK
1r1_ a O#E L mw. — EO %E ;OL ﬂ;MO
ook e K A e\ © Moo o &
o Aa Mo N TR T - He AN VTEN T U :ﬂf
1@%%#%@1_&%@ o -
Mo ER e % o iroE ok w g
PR e ey o @ ® @ o X on L
aﬂﬁommmﬂc}_ﬁa@a%%%ﬁq
TR o 1 S LR 5 (O o
HoOH o o “ﬁ M s ﬂ oM R MR e R
T o= o X o m WRe iy xSy I N
% A W,M,,q %.QLH? N ﬁ W.mm w
u%%W%%#ﬁ%%%@vwﬂﬂﬂ
SRS RN L SRR
RN Wy w oy & B Y % i
R = = o Mmoo % W o m? Ww L = Mm
Srefetie Il ELSE
CH T - < E
T . T o o~ ok o N ik
B B m) ) Y Ny o i
el . Pom TR w9 SRR o T F
Fog W T QR S > R S X
b B _H e G = R
SR NG S - N s ko= 7o
o T NP W M x ow 4 N T A oo

A Aol T

S

H4

g

1

A
=

vhe 5

1

0
pul

r =

o~

=

u}

19

A
AN

=
T

A o A

g Az



	목   차
	Abstract
	Nomenclature
	제 1 장  서 론 
	1.1 연구 배경 및 필요성
	1.2 연구 목적

	제 2 장  튜블러형 상반전 수차
	2.1 튜블러형 상반전 수차의 구조
	2.2 날개이론
	2.3 설계

	제 3 장  튜블러형 상반전 수차의 성능시험
	3.1 수차 실험 장치
	3.1.1 러너베인
	3.1.2 펌프
	3.1.3 발전기
	3.1.4 발전기출력 및 효율
	3.1.5 전자유량계
	3.1.6 전자압력계
	3.1.7 토크센서 및 회전수측정센서

	3.2 계측시스템
	3.3 실험장치 제어시스템
	3.3.1 디지털 멀티메타
	3.3.2 인버터
	3.3.3 표시장치

	3.4 실험방법
	3.5 튜블러형 상반전 수차의 성능해석 결과
	3.5.1 유량과 낙차 변화에 따른 성능해석
	3.5.1.1 속도 및 압력분포
	3.5.1.2 효율 및 출력특성



	제 4 장  CFD에 의한 튜블러형 상반전 수차의 성능해석
	4.1 수치해석 기법
	4.1.1 지배방정식
	4.1.2 이산화 방법
	4.1.3 난류모델링

	4.2 계산격자 및 경계조건
	4.3 튜블러형 상반전 수차의 성능해석 결과
	4.3.1 유량변화에 따른 성능해석
	4.3.1.1 속도 및 압력분포
	4.3.1.2 효율 및 출력특성

	4.3.2 전단 및 후단 러너베인 날개 수에 따른 성능해석
	4.3.2.1 속도 및 압력분포
	4.3.2.2 효율 및 출력특성

	4.3.3 전단 및 후단 러너베인 개도에 따른 성능해석
	4.3.3.1 속도 및 압력분포
	4.3.3.2 효율 및 출력특성

	4.3.4 디퓨져 유무에 따른 성능해석
	4.3.4.1 속도 및 압력분포
	4.3.4.2 효율 및 출력특성



	제 5 장 결 론
	참고문헌
	감사의 글


