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Inlet radius r;, (mm) 25
Outlet radius r, (mm) 50
Impeller width b(mm) 10
Vane angle 8 ( °) 20
Vane thickness t(mm) 1
Number of vanes Z 7
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F2 PRAWOR—AFF 1 72— HFOXEHT

D20G0.5 D20G4 D20G12
Inlet, Exit angle a (°) 20 20 20
Inlet radius ry (mm) 50.5 54.0 62.0
Radius ratio r3/r, 0.711 0.711 0.711
Width (mm) 1 11 1
Number of vanes Z 18 18 18
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£3 PRAWVOR—LHF 4 72— OETEHT

D30G0.5 D30G12 D30G20
Inlet, Exit angle (°) 30 30 30
Inlet radius r; (mm) 50.5 62.0 70.0
Radius ratio r;/r, 0.748 0.748 0.748
Width (mm) 1 11 11
Number of vanes Z 18 18 18
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Fz4 PAEA0, PREEIDOR—f4F 1 T2 —HOEXEZET

D20Z29G0.5 | D20Z9G12 D20Z9G17

Inlet, Exit angle ( °) 20 20 20
Inlet radius ry {mm) 50.5 62.0 67.0
Radius ratio r3/r, 0.711 0.711 0.711
Width (mm) 11 11 11

Number of vanes Z 9 9 9
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G12 G20
Inlet radius r; (mm) 50.5 50.5
Exit radius r; (mm) 62.0 70.0
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aCp2/af x10° {1/Hz,4=3.91 Hz]

1.0
0.5
0.0

1.0
0.5
0.0

1.6
1.0
0.5
0.0

1.0
0.5
0.0
1.0
0.5
0.0

PR E B IR

(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)

$ =0.0
{140.6, 1, 0.844)
] . 0.01
{144.5, 1, 0.867)
L 0.02
p A44.5, 1, 0.867)
8(293.0, 2, 0.879)
1 ;
N L N 0.03
A(148.4, 1, 0.890)
A B(296.9, 2, 0.891)
B
l 1 L 0.04
(152.3, 1, 0.914)
N " 0.044
0.05
0.0 0.5 1.0
[kHz)
[DC~710Hz]

3.91 Hz)

aCp2/af x10* [1/Hz,af

(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)

. 0.0

. sabbnete sl 0.01

A(285.2,2,0.856) E(628.9,4,0.943)
8{345.7,2,1.037) F(679.7,4,1.020)
£(488.3.3,0.877) 6(738.3,4,1.107)

D(535.2,3,1.070)

D E
B F

A .02
A(293.0,2,0.879) ((480.5,3,0.961)
B(335.9,2,1.008) D(539.1,3,1.078)
£(582.0,3,1.164)

A F(625.0,4,0.938)
6(683.6,4,1.025)
H(726.6,4,1.

K
£(296.9,2,0.891) C(445.3,3,0.891)
8(328.1,2,0.984) 0(476.6,3,0.953)

A £(625.0,4,0.938)
F(687.5,4,1.031)
6(718.8,4,1.078)
£ rG

0.04

A(308.6,2,0.926) ((464.8,3,0.930)
B(334.0,2,1.002) p(488.3,3,0.977)
€(527.3,3,1.085)

F(644.5,4,0.967)

0 G(683.6,4,1.025)

0.0 0.5 1.0
[kHz)

[280~710Hz]
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240 {

(f=144.5Hz,n=1, w/ne =0.864) (f=293.0Hz,n=2, w/n2=0.879) (f=335.9Hz,n=2, w/na=1.008)

I 1

(£=480.5Hz,n=3, w/n2=0.961) (f=539.1Hz,n=3, w/n2=1.078) (f=582.0Hz,n=3, w/na=1.164)
0=60_11

240 <5\\\\

300 ‘ZOI
(f=625.0Hz,n=4, w/n2=0.938) (f=683.6Hz,n=4, w/na=1.025) 300

(f=726.6Hz,n=4, w/na=1.090)

16 GEBKG (0) CPREHM, ¢=003)



184

D20G0.5
(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)
0.5
$=0.0
0.
o5 , A0121.2,1,0.727)  B(468.8,2,1.406)
A s 0.007
0.0
A A(121.2,1,0.727)
0.5 5 B457.0,2,1.371)
. Y N 0.010
0.0
- A A(117.2,1,0.703)  B(543.0,3,1.086)
: C(628.9,4,0.943)
1.0 B
0.5 j_
0.015
0.0
B A( 89.8 , ) C °
1.0 B(113.3,1,0 €(535.2,3,1.070)
e D(628.9,4,0.943)
T oot A
& R 0.020
% 0.0
3 A( 93.8,1,0.5
; T £
g 15 8(7.2,1,0.7
£ 1 D(543.0,3,1.086)
= 1.0 g Cl445. e.396) E(628.9,4,0.943)
205 A
- IL .023
5 0.0 . 0.02
g8 A 97.7,1,0.586) D(535.2,3,1.070)

1.5} 8(113.3,1,0.679)
A

£(644.5,4,0.967)

1.0 E
€(437.5,2,1.312)
0.5 8
_ L ~0.030
0.0
A(109.4,1,0.656) €(531.3,3,1.063)
1.0 ( D(640.6,4,0.960)
0.5 A B{421.9, 2, 1.266)
. i B
0.039
0.0 b
A(117.2,1,0.703) 8(418.0,2,1.254)
0. A 8 €(527.3,3,1.054)
/ 8 L 0.041
0.0
0.5
0.049
0.0
0.0 0.5 1.0
{kHz]
[DC~T710Hz]
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aCp?/af x10* [1/Hz,af

D20G4

{FREQ. [Hz}, No. OF CELL, PROP. VEL. RATIO)

0.01

“ : 0.015

A,B a(13.7, 3, 0.027)

B(19.5, (4), 0.029)
0.02

A A(19.5, (4), 0.029)

N 0.025
A
A(16.6, 4, 0.025)
0.03
A(11.2, 4, 0.017)

o 0.04

0.05

0.06

(Hz]

[DC~178Hz]

0.4

0.0

0.4

0.0

0.4

1
b

0.0

3.91 Hz

0.4

0.0
0.8

0.4

aCp?/af =x10* [1/Hz,sf

0.0

0.4

0.0

0.4

0.0
0.4

0.0

185

(FREQ.{Hz], No. OF CELL, PROP, VEL. RATIO)

- $=0.0

A €(433.6,2,1.313)
g A{13.7, 3, 0.027) D(541.0,3,1.082)
B(19.5, (4), 0.029) £(632.8,4,0.943)

A 8(531.2, 3, 1.062)
A(19.5, (4), 0.029) c(636.8, 4, 0.955)

¢
L 0.025
A B(518.8, 3, 1.038)
A(16.6, 4, 0.025) C(636.8, 4, 0.955)
8 c
b 0.03
A
A11.2, 4, 0.017)
0.04
0.06
0.0 0.5 [kHz] 1.0
[DC~T10Hz]
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aCp?/sf x10* [1/Hz,8f=0.98 Hz]

D20G12

(FREQ.[Hz), No. OF CELL, PROP. VEL. RATIO)

$=0.0
0.01
5.0 A{26.9, 3, 0.0%54)
A g B(32.7,4,0.009) 0.02
0.0 el
5.0f g A{24.4, 3, 0.049)
l . 0.03
0.0
5.0 A A(21.5, 3, 0.043)
0.0
10.0 A
A(20.5, 3, 0.041)
5.0
0.05
0.0
5.0f A
.6, 3, 0.037)
l L A(18.6 006
0.0 —
5.0 A(14.2, 2, 0.043)
A B 8(17.6, 3, 0.035) 0.07
L .
0.0
0.08
A(13.7, 2, 0.041)
5.0 A 8(19.5, 3, 0.039)
lgc C(28.3, 4, 0.042) 0.081
0.0 -4 _
0.09
0 100 200
[Hz]
[DC~178Hz]

0.4

0.0

0.4

0.0

0.4

3.91 Hz}

0.0

0.8

0.4

aCp?/af x10* [1/Hz,af

0.0

0.4

0.0
0.4

0.0
0.4

0.0

(FREQ. (Hz ], No. OF CELL, PROP. VEL. RATIO)

h $=0.0
A(117.2,1, 0.703)
A
0.01
A(441.4, 2, 1.324)
8(544.9, 3, 1.090)
c(621.1, 4, 0.932)
B C
L A oa X 0.02

A{ 95.7,1, 0.574) €{535.2, 3, 1.070)
8(437.5, 2, 1.313) D(628.9, 4, 0.943)
C
A D
A 1 .
A(531.3, 3, 1,063)
A 8(636.7, 4, 0.955)
i B
L N 0.04
‘ 0.05
. 0.06
0.0 0.5 1.0
[kHz ]
[45~T710HZ]
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D30G0.5

(FREQ. [Hz ], No. OF CELL, PROP. VEL. RATIO)

0.4
$-0.0
0.0t eSS ——

A(421.9, 2, 1.266)

0.4 B(529.3, 3, 1.059)
A 8 0.01

E 0.0 w“-—*————
= B(535.2, 3, 1.070)
7 0.4 A(425.8, 2, 1.277)  C(640.6, 4, 0.961)
] B
] \ | AI l lc 0.015
N 0.0
=
= A(531.3, 3, 1.063)
. 0.4 B(636.7, 4, 0.955)
3 A B

0.02
“ 0.0 M .
S~
NQ.
3

0.4
0.03

0.4
0.04

womemensn Sy R,
0.0
e

0.0

0.0 0.5 1.0
{kHz]

[DC~T710Hz]
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D30G12

(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)

$<0.0

0.01

p—
(=

t i

(=~

o« >
—~—
—_
n B
ooy
oo
P
—
QO
-~ —
o
o —

A A(43.0, (3), 0.086)

1.5
B(543.0, 3, 1.086)
1.0 C(625.0, 4, 0.938)
T 0.5 8 c
= o 0.02
¥

aCp?/af x10* [1/iz,af
= o
Vrr—r"’r—'
b3

B(535.2, 3, 1.070)

0.
B<l‘ Al_c 0.03
0.0
1.5 A( 35.2,4,0.053)
1o B(535.2,3,1.070)
. €(640.6,4,0.961)
0.5 B c
1 . 0.04
0.0
0.5
0.05
0.0
0.5
0.06
0.0
0.07
0.08
0.09
0.10
0.0 0.5 1.0
[kHz ]
[DC~710Hz]
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0.98 Hz}

ACp?/af x10% [1/Hz,sf

10.0

0.0

10.0

0.0

0.0

10.0
0.0
10.0

0.0

10.0
0.0
10.0

0.0
10.0

0.0

D30G20

(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)

$<0.0
A(38.1, 2, 0.114)
A B(50.8, 3, 0.102) 0.01
J {50.8, 3, 0.102) 0.02
(48.8, 3, 0.098)
0.03
(45.9, 3, 0.092)
0.04
40.0, 3, 0.080)
1 ¢ 0.05

(37.1, 3, 0.074)

1 0.06

l (35.2, 3, 0.070) 0.07

l (35.2, 3, 0.070}

0.08

l (33.7, 3, 0.067) 0.09

(30.3, 3, 0.061) 0.10

0.

0 100 200 (yz)
[DC~178Hz]

3.91 Hz] -

aCp?/af x10* {1/Hz,af
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(FREQ.[Hz]}, No. OF CELL, PROP. VEL. RATIO)

$=0.0
A A(128.9,1,0.773)
e 0.01

A(105.5, 6,
9

C(546.9, 3, 1.094)
A z('52'3' 0(625.0, 4, 0.938)
¢ D
L ssahoad 0.02
Al 99.6, 6, 0.100) (5391, 3,1.078)
B(152.3, 9, 0.102)  0(389.8, 6, 0.590)
A 3,9, E(636.7. 4, 0.955)
8 E
0
N lLl - 0.03
A( 93.8, 6,
8(136.7

6, 0.094)
-7, 9,0.091)  ¢(535,2, 3, 1.070)
D(636.7, 4, 0.955)

c
D
|

0.04
A{121.1, 9, 0.081)
A
' 0.05
- 0.06
0.07
0.0 0.5 1.0
[kHz]

[112~710Hz]
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0.5

0.0
2.0

0.0

0.98 Hz)

4.0
2.0
0.0
1.0
0.5

aCpi/af x10* [1/Hz,af

0.0
0.5

D20Z9G0.5

(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)

¢ =0.0

A
n A(]If;7,1,0.694) 0.0]

A(113.3,1,0.680)

0.0

0.02
A( 98.6,1,0.592)
A . BU11S.7.1,0.680)
o 1L 0.03
0.0
100 200 [y
[DC~178Hz]

=3.91 Hz]

[1/Hz,8f

aCp?/af =10

o

(FREQ.[Hz), No. OF CELL, PROP. VEL. RATIO)

. o 0.01

B(535.2, 3, 1.070)

A(113.3, 1, 0.680) (628.9, 4, 0.943)

A B ¢
l . ij 0.02
A{433.6, 2, 1.301)
B(531.3, 3, 1.063)
gl C(628.9, 4, 0.943)
C
A L
o . 0.03
A(419.9, 2, 1.260)
8(527.3, 3, 1.085)
C(636.7, 4, 0.955)
B
i 1 E 0.04
0.05
0.5 1.0
[kHz]
[140~710Hz]
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0.98 Hz}

ACp?/af x10" [1/Hz,af

D20Z23G12

(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)

0.0
0.0 e 0.4
2.0
0.0
1.0 0.01 0.4
0.gt et
2.0 0.0
1.0 -
o 0.02 504
: >
2.0 A(23.0, 3, 0.046) 0.0
o B(37.6, 4, 0.056) < 0.8
' .A.B 0.03 g
0.0 ~— 0.4
A o
A(22.9, 3, 0.046) 2
2.0 8(37.6, 4, 0.056) 0.0
0.8
1.0 B 2
0.04 &
0.0 < 0.4
2.0 A A(17.1, 3, 0.034) 0.0
1.0 l
0.05 [
0.0 e 0.0
1.0
0.06 l
0.0 0.0
0 100 200 [Hz)
[DC~178Hz]
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(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)

$=0.0
- 0.01
B(541.0, 3, 1,082)
A(437.5, 2, 1.313) c(623.0, 4, 0.935)
B ¢
P - S i a 0.02
B(535.2, 3, 1.070)
B C(632.8, 4, 0.949)
A(439.5, 2, 1.319) l c
R W
A 0.03
A(535.2, 3, 1.070)
, Bl640.6, 4, 0.961)
l B
. o i 0.04
0.05
0.06
0.0 0.5 1.0
(KHz)
[140~710Hz]
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aCp?/af x10* [1/Hz,8f=0.98 Hz]

D20Z9G17
(FREQ. [Hz], No. OF CELL, PROP. VEL. RATIO) {FREQ. [Hz], No. OF CELL, PROP. VEL, RATIO)
$=0.0 ¢ =0.0
0.2
8 A(29.8,2,0.089) 0.01
2 0\ A B(40.0.3.0.080) 0.01 0.0 et ——
0.0 A(543.0,3,1.086
A B A26.4,2,0.079) —~ 0.4 aﬁe%.?iiio.ggz;
[ 8(40.0,3;0.080) 0.02 g
0.0 T 0.2 A B
2 0.0 PO U 0.02
10.0 B A(22.5,2,0.068) 3 ’
Al B(39.1,3,0.078) 0.03 5 06 A(533.2,3,1.066)
0.0 - - ¥ B(627.0,4,0.941)
20.0 = 0.4 A g
(37.1,3,0.074) 0.2 L l 0.03
10.0 l = 0.0 attha e -
.06 4w
oob 0.0 3 o6 A(535.2,3,1.070)
20.0 & B(636.7,4,0.955)
(33.2,3,0.066) = g“‘ A
10.0 2 8
1 0.05 0.0 o= = © "IN LL s 0.04
0.0 A
(30.3,3,0.061) 0.05
10.0 1
0.06 0.06
0.0
(27.3,3,0.055)
10.0 0.0 0.5 1.0
0.0 4 0.07 [kHz)
10.0
0.08
0.0
0 100 200
{Hz)

[DC~178Hz] [178~710Hz]
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3.91 Hz]

aCp?/af x10° [1/Hz,af

Vaneless G12

(FREQ.[Hz], No. OF CELL, PROP. VEL. RATIO)

... ¢-0.0
.2 (142.6,1(4),0.856(0.214))
it 0.0
.0 -—
i 0.0
A(134.8,4,0.202) €(539.1,3,1.078)
2 8(164.1,5,0.197) 0(632.8,4,0.949)
’ Ag C D
0 A.‘ AL i 0.03
4 a( 97.7,3,0.195)C(164.1,5,0.197)
8(128.9,4,0.193) D(193.4,6,0.193)
2 £(535.2,3,1.070)
: AB Cp ¢ F(630.9,4,0.946)
0 _&—4 | O 0.04
A 87.9,3,0.176)
2 8(119.1,4,0.179)
ABCo €(150.4,5,0.180)
|“| 0{181.6,6,0.182) (.05
.0
.2
0 _Al-h 0.06
0.07
.2
... 0.08
0
*& 0.09
4 B A(119.1,4,0.179)
8(154.3,5,0.185)
€{191.4,6,0.191)
2 ¢
. A
. 0.10
-0 5(138.7,5,0.166)
p Bc A(109.4,4,0.164)C(168.0,6.0.168)
v Yy 0.0
0.12
0.0 0.5 1.0
{kHz)
[DC~T710Hz]
(a) Vaneless G12
420

3.91 Hz]

£Cp/af =10 [1/Hz,af

0.2

0.0
0.2

0.2

0.0

0.2

0.0
0.2

0.0
0.2

0.0

0.4
0.2
0.0

0.4
0.2

0.0
0.2
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Vaneless G20

(FREQ.(Hz], No. OF CELL, PROP. VEL, RATIO)

‘ $=0.0
A B A(93.8, 3, 0.188)
8(138.7, 1(4), 0.832(0.208))
0.01
Ay B A(97.7,3,0.195)
B(140.6, 1(4), 0.844(0.211))
- 0.02
A A( 91.8, 3, 0.184)
B B121.1, 4, 0.182) ((544.9, 3, 1.090)
0(636.7, 4, 0.955)
¢ D
| | 0.0
A A 87.9, 3, 0.176)
B B(117.2, 4, 0.176) €(533.2, 3, 1.066)
) D(634.8, 4, 0.952)
D
1 L 0.04
Ml B a( g5.9, 3,0.172)
B(117.2, 4, 0.176)
0.05
A
g Al 87.9, 3, 0.176)
8(117.2, 4, 0.176)
0.06
A
g Al 85.9,3,0172)
8(117.2, 4, 0.176) oo
B
A( 80.1, 3, 0.160)
A B(113.3, 4, 0.170) 0.08
A s
A{ 78.1, 3, 0.156)
B{113.3, 4, 0.170)
0.09
A 1B oaC78.1, 3, 0.156)
B{111.3, 4, 0.167) 0.10
0.11
0.0 0.5 1.0
[kHz]
[DC~T10Hz]

(b) Vaneless G20
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K6 RERELOERELSERED LK
(PBREERODFES, n=1)

b 0.02 0.03 0.04
Theory 0.891 0.906 0.921
Expt. 0.867 0.879 0.890

R7 HEEELOBHESESREDOHLS
(PREER—L 5 4 7 2 —HORBHES T/ N ENES, n=1)

b 0.02 0.03 0.04
, Theory 0.612 0.622 0.633
D20G0.5 | pyne. 0.539/0.679|0.586/0.679|  0.656
Theory 0.783 0.797 0.811
D30GO.5 | b0 e e i
05| Theory 0.693 0.705 0.718
D2023G0.5 | £, ¢ 0.680 |0.592/0.694| —
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) 0.03 0.05 0.07
D20G12 Theory 0.023 0.020 0.015
Expt. 0.049 0.041 0.035
D30G20 Theory 0.055 0.046 0.037
Expt. 0.098 0.080 0.070
D20Z29G17 Theory 0.030 0.025 0.020
Expt. 0.078 0.066 0.055
RO MEELRELOEHE S KRBREDLE
(R=2 LRAF 1 7 2 —H#G0DHA)
o) 0.03 0.05 0.10

n=3 Theory 0.378 0.348 0.275

Expt. 0.184 0.172 0.156

n=4 Theory 0.380 0.352 0.282

Expt. 0.182 0.176 0.167
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