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A Research on the Improvement of Surge Limits on a Centrifugal Compressor

WE g

UCHIDA Hiroshi

Abstract

aY R

IWAKIRI Yuji

MA BE

KASHIMOTO Akinobu

An experimental and numerical study on the surge limits of a turbocharger compressor was done.

Firstly, we developed an effective casing treatment which has curved wall cavity. Secondly, we tried

to use variable inlet guide vane together with the casing treatment. They made synergistic effect on

reducing the surge flow rate compared with using them separately. The surge flow rate was 40% less

than that of the casing treatment at pressure ratio of 2.5, which was 55% less than that of

conventional compressor (without casing treatment) under the condition of VIGV setting angle 80deg.

CFD analysis showed that the reversed flow through the tip clearance at surge flow rate was

prevented by using of the casing treatment and the variable inlet guide vane.

Key words : Centrifugal Compressor, Surge, Casing Treatment, Variable Inlet Guide Vane, CFD,
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Low speed
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b)with casing treatment

Fig.7 Meridional velocity distributions with and without casing treatment (0.51G., 0.88N.,.)
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Study on Noise Reduction in Turbofan
(Effects on Performance and Noise by Improving Outlet Angle of Impeller)
HIRANO Toshiyuki* MINORIKAWA Gaku™** SUZUKI Shoji**
MIZUKI Shimpei**
ABSTRACT
A turbofan has been widely used in various industrial fields. In recent years, the need for a turbofan
with higher pressure ratio over wider operating flow range under quiet condition is arising. However,
the noise usually increases as the increase of the pressure ratio and the widening of the operating flow
range. In order to solve these contradictions on the performance characteristics, the impeller with
different outlet blade angles were manufactured and tested. When the angle was properly chosen, the
aerodynamic performance characteristics developed without the increase of the specific noise level.
Keywords : Turbofan, Rotating Noise, Impeller, Outlet Angle, Velocity Fluctuations
NOMENCLATURE
D/D,x 100 : Clearance ratio between tongue and tip of
impeller [%]
D: : Outlet diameter of impeller [mm]
B, : Inlet blade angle [deg]
B, : Outlet blade angle [deg]
¢ : Flow coefficient [-]

n
W
A

c

INTRODUCTION

In

: Total pressure efficiency [-]
: Pressure coefficient [~]

: Power coefficient [-]

Ly (A) : noise level at point D [dB]

Ls (A) : Specific noise level at point D [dB]

e . Non-dimensional position of hot-wire probe along

asing width [-] B

recent years, since a turbofan is becoming

compact with keeping its performance, the rotating

spee

d of the impeller is increasing. Consequently, the Modified (Imp. 2~6)

noise from a turbofan is getting louder. Thus, in order Figl. Tested Impellers

to prevent the noise emission, it is important to
establish a design methodology for a Dbetter

Table 1 Blade angle of tested impeller

Impeller No. B 1(deg) B »(deg)
* Z DFIE2003F M S 1/ IGTC THREESNZDODOHT Imp.1 20 40
BIIGTCHXZAELIVEEODH L b0ZHERBLZDO Tmp.2 25 65
T3 Imp.3 25 75
* Post Graduate School of Hosei University, Mechanical Tmp 4 10 75
Engineering Course mp.5 19 90
3-7-2 Kajino—cho, Koganei-shi, Tokyo 184-8584, JAPAN Tmp.6 19 120
% % Department of Mechanical Engineering, Hosei University
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aerodynamic performance and a quieter noise at the
same time. Aerodynamic noise generated from a fan is
generally classified into rotating noise and turbulent
noise. The rotating noise becomes predominant at the
blade passing frequency and its harmonics occupies a
large portion of the overall noise level. The blade angle
is an essential design parameter of the impeller and it
affects not only the aerodynamic performance but also
the rotating noise caused by the periodic fluctuations
of the wake. The present study is an attempt to
develop the aerodynamic performance of a turbofan
by optimizing the blade outlet angle without increase
of the noise level. In order to examine the effects on
the improvement for the aerodynamic performance
and on the noise, and the fluctuations of the relative
velocity in the outlet flow were measured.

EXPERIMENTAL APPARATUS AND METHOD
The tested fan was a single suction type turbofan
having an inlet and outlet impeller diameters of 333mm
and 450mm and inlet and outlet widths of 111mm and
151mm with 12 vanes. It was so designed that only the
impeller could be replaced. The tested impellers have
the circular-arc vanes with the backward-curve as

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.

shown in Fig.l. The original impeller (Imp.1) had the
blade outlet angle f,=40°, which was regarded as a
conventional value. Generally, the larger blade outlet
angle decreases the outlet relative velocity, and as the
result, the outlet pressure increases. However,
concerning the increase of blade outlet angle, a little
work has been reported in a turbofan impeller. In the
present study, the modified impellers having larger
blade outlet angle than the original one were
manufactured (Imp.2-Imp.6). The blade angles of the
impellers are shown in Table 1.

The performance tests were carried out in
accordance with the JIS B 8330 by the apparatus
shown in Fig2 The flow rate was obtained by
measuring the pressure difference of the outlet orifice.
The rotating speed of the impeller was maintained at
1575 rpm where the specific speed was about 700. The
noise level, which is A-weighted sound pressure level
was measured at the point D, 450mm away from the
center of the suction cone, and the 1/3 octave band
analysis was done by using a FFT analyzer.

It is assumed that, when the blade outlet angle is
too large, the high blade loading at the trailing edge

will generate the strong flow separation and affect to
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Fig.4 Characteristic curves for tested impellers

the velocity fluctuations of the outlet flow, which is
becoming a sound source of the rotating noise. In
order to clarify the mechanism of the noise generation
and the relationship between the strength of the wake
and the noise level, the distribution of the relative
velocity and the velocity fluctuations of the outlet flow
were measured. A single hot-wire probe was inserted
into the casing along the width shown in Fig.3. The
position of the probe in the direction of casing width
and the radial direction were represented by the
symbol e and D/D,, respectively. In order to observe
the time dependent velocity synchronizing with the
impeller passage, the signal of the probe was triggered
by the magnetic pickup attached to the impeller shaft.

RESULTS AND DISSCUSSION
Performance and Noise Characteristics

Figd (a) shows the aerodynamic performance
characteristics of the tested impellers. The modified
impellers (Imp.2 and Imp.3) have the higher pressure
coefficients ¥ than the original one (Imp.1), especially
in ¢ >0.15. In addition, the maximum flow rate of the
Imp.2 and the Imp.3 were greater than the Imp.1 by 10%.
Though the efficiencies of the Imp.2 and the Imp.3 were
lower than the Imp.1 at the lower flow rate, these were
much higher than that of the Imp.1 at the higher flow
rate. It is clear that the higher blade outlet angle than
the conventional one can improve the aerodynamic

performance substantially. However, the power
coefficients A of the Imp.2 and Imp.3 were increased
in proportion to the increase of the pressure ratio.

The curves of the modified impellers having much
larger blade outlet angles (Imp.4, Imp.5 and Imp.6) are
shown in Fig4 (b). The pressure coefficients increased
for the Imp.4 and Imp.5, having the blade outlet angle
of B=75° and fB.=90°, respectively. However, the
Imp.6, having an extremely large blade outlet angle of
B=120°, decreased its performance significantly. It is
assumed that the Imp.6 caused the strong separation
due to the steep curvature at the trailing edge.

The noise characteristics are also shown in Fig4 (a)
and Fig.4 (b). The overall noise level Ly of the modified
impellers with the blade outlet angle of £,<90° were
larger than that of the original one by a few dB. For
the specific noise level Ls, taking into account the
aerodynamic performance, there was little difference
between the original and the modified impellers. Thus,
the modified impellers except Imp.6 attained the
improvement of aerodynamic performance without
deteriorate the noise characteristics. However, only
the Ls of the Imp.6 (f,=120°) became much larger
than the others with the decrease of the aerodynamic
performance. The specific noise spectra of the tested
impellers (Imp.1, Imp.2 and Imp.3) at the flow rate of
¢ =030 are shown in Fig5(a). The rotating noise
which has large contribution to the overall noise level
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Fig.6 Distribution of relative velocity of outlet flow in a direction to casing width

appeared at the 315Hz of the 1/3 octave band center
frequency including the blade passing frequency. For
the modified impellers except Imp.6, noise reductions
up to 4dB in the blade passing frequency, approximately
6dB in the broad band component over 1kHz and up
to 3dB in the overall noise levels were obtained. As
shown in Figb (b), Imp.4 and Imp.5 had the same trend
as in Imp.2 and Imp.3, in the present experiments. A
certain relationship between the blade outlet angle and
the noise level was not observed. However, Imp.6
increased the specific noise level in all frequency range
with the decrease of the aerodynamic performance.
Thus, it is clear that the larger blade outlet angle up to
90° can improve both the aerodynamic performance
without deterioration of the noise characteristics.

Measurement of Outlet Flow

The modified impellers improved the aerodynamic
performance and noise characteristics. That means the
larger blade outlet angle is effective. In order to
examine the effect of the improvement, the outlet flow
of the impeller was measured.

Fig.6 (2) and Fig6 (b) show the distributions of the
relative velocity of the outlet flow measured by the hot

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.

wire probe at the flow rate ¢=0.27. The horizontal axis
shows the position of the hot-wire probe along the
casing width, represented by the symbol e. Here, e=0
corresponds to the casing wall on the impeller hub
side, and e=1 to the casing wall on the impeller shroud
side. The outlet of the blade is located from e=0.12 to
e=0.46 as shown in the figure. In case of the modified
impellers with the blade outlet angle of B, =< 90°, the
relative velocity becomes small as the blade outlet
angle becomes large. These show the same trend as the
pressure coefficient in the aerodynamic performance
characteristics.

The velocity fluctuations of the outlet flow at the
blade passing frequency are shown in Fig7 (a) and
Fig.7 (b). The vertical axis indicates the root-mean-
squared value of the velocity fluctuation level denoted
by dB. The velocity fluctuation levels were large at
the region where the outlet flow directly flows,
especially at the impeller side plate. It is due to the
flow separation generated from the side plate of the
impeller, and it becomes the strong noise source. The
levels at e=0.28 044 are
corresponding to the increase of the blade outlet angle.
On the other hand, Imp.6 showed the different

o~

velocity fluctuation
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Fig.8 Time histories of velocity fluctuations of wakes
(Imp.1, Imp.2 and Imp. 3)

tendency from the other modified impellers as shown
in Fig6 (b) and Fig.7 (b).

The time histories and the variations of the velocity
fluctuation levels in the radial direction at the side
plate (e=0.44) are shown in Fig.8 and Fig.9. When the
clearance ratio between the tip of the impeller and the
tongue is small (D/D;=101 ~ 1.07), the velocity
fluctuation levels of the modified impellers were larger
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Fig.9 Variations of velocity fluctuation level in radial direction

than the original one. It means that the modified
impellers gave the larger source of rotating noise “*
When the clearance ratio became greater, the
amplitude of the velocity fluctuations was gradually
decreased. When the clearance ratio exceeds 1.07, the
levels did not depend on impeller types. The rotating
noise is caused by the periodical interference between
the outlet flow and the tongue. Thus, it can be
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estimated that the velocity fluctuations of the modified
impellers were larger than the original one, the
rotating noise could be reduced by widening the
clearance between the tongue and the impeller.

CONCLUSION

In order to gain a higher pressure ratio in a
turbofan, the blade outlet angle of the impeller was
modified and tested. When the blade outlet angle B,
was increased up to 90°, the aerodynamic performance
characteristics such as the pressure coefficient and the
maximum flow rate were improved. In addition, the
specific noise level was almost the same as the
conventional one. By the measurement of the velocity
fluctuations of the wake, it became clear that the
rotating noise can be reduced by widening the
clearance D/D, = 107 in the case of the modified
impeller, having the strong velocity fluctuations.
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TIE, ERTLEOBIVD - B ETEOMI
B4R L 13IZE Db > Ty, M TIZER T277TMW,
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2. BEMBARE—-E>

R1 2005FHENEECERTES W)

X4 Size [/’ Small Unit [##! Medium Unit| A% Large Unit|] 4 8 H
~735kW 736~22,064kW 22,065kW ~ Total
T & a-r e won e om o |ax| m o | e ® on
Application Code | Units |Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
S L IS X%EE
N—AH .I\%Eﬁﬁ BL 18 4,392 24 129,610 32 | 4,642,740 74 | 4,776,742
Generator Drive for Base Load
¥—27o— FREH
Generator Drive for Peak Load PL 0 0 1 3,200 2 58,580 3 61,780
g 5
3!5%)35]5%’%&1 EM 147 55,098 | 118 210,718 0 0] 265 265,816
Generator Drive for Emergency
7 i H
Merchant Marine M 0 0 0 0 0 0 0 0
5 73 H
Military Marine MM 0 0 4 48,543 0 0 4 48,543
Fofo 7ot 2 H
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
# i) JH
0 0

Education Xp 0 0 0 0 0 0
ze L H
Air Conditioning ACD 0 0 0 0 0 0 0 0
%. » fie MC 81 7,109 10 11,434 0 0 91 18,543
Miscellaneous

PN =

- Total af 246 66,599 | 157 | 403,505| 34 |4,701,320| 437 | 5,171,424

EM 60.6

4 20054EH B4 ERKEE (%) K5 20054 B NEE (%)
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F2 2005FEMBBIAEEARRE O W)

X4+ Size |/ME! Small Unit|## Medium Unit| kK% Large Unit| £ H 5
~T735kW 736~22,064kW 22,065kW~ Total
BB O a—-F | &8 | B B (A W B | B B H (B B A
Kind of Fuel Code | Units |Output (kW) | Units |Output (kW) | Units |Output (kW) | Units |Output (kW)
WALRA A X
Liquefied Natural Gas LNG 0 0 0 0 0 0 0 0
P
2 Ifz;;;l‘lfal;(Gas GNG 0 0 3 25,920 19 | 4,026,730 22 | 4,052,650
Z | BAbES R
# | Liquefied Petroleum Gas 38 2 110 2 3,000 0 0 4 3.110
" -
# ﬁﬁoffvf Gas GTW 13 3,863| 23 108,290 0 0| 36 112,153
Gaseous| 7 5 P
Puel gﬁzozf;:f 7R GOG | 0 ol 0 o 6| 161,340 6| 161,340
BIFEA R /B (F Z48) A GBF/
Blast Furnace Gas/ GCG 0 0 0 0 4 276,000 4 276,000
Coal Gas or Gasified Coal Gas
2R =
;Jub ?(jil /bt 15 3,973 28 137,210 29 | 4,464,070 72 | 4,605,253
Vv MRE1F
i1 Aviation Turbine Fuel No.l| ATGL 0 0 0 0 0 0 0 0
O
R Kerosene T 107 14,851 27 46,875 1 41,000| 135 102,726
e ow
Gas Oil K 44 13,045 20 86,943 1 25,370 65 125, 358
b
Fuel He(avy 0il No.1 H1 80 34,730 82 132,477 3 170,880 | 165 338,087
gﬁ?ﬁl bt 231 62,626 | 129 266,295 5 237,250| 365 566,171
F DB
Miscellaneous Fuel MF 0 0 0 0 0 0 0 0
P =
DTotalnf ) 246 66,599 | 157 403,505| 34 |4,701,320| 437 | 5,171,424

GTW
22

LPG

01

B6 2005FEREFNAEEEREE (%) 7  2005FEMEFIMAEE (%)
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X4 Size|/MMY¥  Small Unit|## Medium Unit| K% Large Unit|] & M B
~T735kW 736~22,064kW 22,065kW~ Total
i is, BB N (BB OB N (BB M D (A% OB h
Location Units [Output (kW) | Units |Output (kW) | Units |Output (kW) | Units [Output (kW)
ifok?ﬁa;fo 6 2,700 6 6,690 0 0| 12 9,390
fohokit 18 6,389 2 4,800 0 0] 20 11,189
B E
Kanto 48 18,425| 72 129,840 5 528,080 | 125 676,345
H i
Chubu 40 13,600 31 103,850 2 540,000 73 657,450
|E5| Ijinki & 18 6,604 20 62,375 0 0| 38 68,979
A
=
{ﬁ; g]hugo 20 7,335 1 1,600, 0 ol 21 8,935
B3
ISE}llikok 4 1,085 2 1,600 0 0 6 2,685
Domestic " M
Use Kyushu 24 9,774 11 21,523 0 0| 35 31,297
g]kinavff 2 550 3 3,600 0 0 5 4,150
*
ﬁiineﬁi’ropulsion 0 0 4 48,543 0 0 4 48,543
U A
Marine Ausiliaries 0 op 0 o 0 o 0 0
i;knojil 66 137 2 2,794 0 0| 68 2,931
EIWENG N
.VS\]f?) ;otfl\d‘ 246 66,599 | 154 387,215 7 11,068,080 407 | 1,521,894
i\?orth fmerica 0 0 0 0 1 264,500 1 264,500
Sl S
South and Central America 0 0 0 0 4 409,400 4 409,400
P Zsi: 7 0 0 2 9,790 11 11,682,000 13 | 1,691,790
H 2 N
I (j;ce(fniill 0 0 0 0 2 306,000 2 306,000
o
oM
0 0 1 6,500 3 810,000 4 816,500
For Europe
Export|IH v #
Fomer Soviet Union 0 0 0 0 0 0 0 0
2l ®
Middle East 0 op 0 o) 0 0p 0 0
1
ZfZCz)i 7 0 0 0 0 6 161,340 6 161,340
i 3
ﬁﬂ;ﬁ ?I-‘OU?I\ At 0 0 3 16,290 27 | 3,633,240 30 | 3,649,530
P = ,
= Total at 246 66,599 157 403,505 34 |4,701,320| 437 | 5,171,424
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F4 2005 EHEREI M A ESBA TN kW)
K4+ Size|/’MH  Small Unit{$# Medium Unit| K% Large Unit{ & H 7
~T735kW 736~22,064kW 22,065kW~ Total

¥ OBE B AR a-F|RE| M H (B W H AR W O (B B Hh
Driven Machinery Code | Units |Output (kW) | Units |Output (kW) | Units |Output (kW) | Units |Output (kW)
td @ B G 231 59,627 143 343,528 | 34 |4,701,320| 408 | 5,104,475
Electric Generator
1 & B PRR 0 0 4 48,543 0 0 4 48,543
Propeller
Kox v 7 W 15 6,972 10 11,434 0 0] 25 18,406
Water Pump

o =

H " 246 66,599| 157 | 403,505| 34 |4,701,320| 437 | 5,171,424

Total
PRR 10 PRR 1.2 W10

X8 20054 HBRENSM B EEATHE (%) B9 20054 MBREIREMBI M I EE (%)

%5 2005 EMHNEFHNAEEEERCHED W)

H A K 4 kW) B Wi
Unit Output Units | Output (kW)
0~146 77 807
B 147~367 77 18,975
Small Unit 368~735 92 46,817
0~735k W -
/NEF Sub Total 246 66,599
736~4,412 137 237,152
o 4,413~10,296 14 89,230
Medium Unit 10,297~16,180 6 77,123
736~22, 064k W 16,181~22,064 0 0
/&t Sub Total 157 403,505
* M 22,065~44,129 16 477,320
Large Unit 44,130~ 18 | 4,224,000
22,065k W~ /&t Sub Total 34 4,701,320
& it Total 437 5,171,424
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#6 2005FREHAAFRAY - HENEEBRERFEN W)
X4 Size| /M Small Unit | % Medium Unit | K% Large Unit & M N
~735kW 736~22, 064k W 22,065k W~ Total
M & a—-F | A WA =5 ¢ Woh =E4 W A =E ¢ Woh
Application Code | Units | Qutput (kW) | Units | Qutput (kW) | Units | Output (kW) | Units | Output (kW)
N—A2u—-FHEEH | BL 0 0 3 6,500 4 693,300 7 699,800
g ¥—2su—FREH | PL 0 0 0 0 0 0 0
)% EHEHBEH| EM 0 0 0 0 0 0 0 0
Domestic/Public Use 0 0 3 6,500 4 693,300 7 699,800
WEEM /A~ & Sub Total
R—2u—FHEEH | BL 18 4,392 19 110,820 1 316,200 38 431,412
¥—2su—FREH | PL 0 0 1 3,200 2 58,580 3 61,780
g FERREH EM 147 55,098 | 117 206,718 0 0] 264 261,816
A z %) fis | MC 66 137 0 0 0 0/ 66 137
Domestic/Private Use 231 59,627 137 320,738 3 374,780| 371 755,145
ENBHEHE /N & Sub Total
EMA&FT Domestic Use Total 231 59,627 | 140 327,238 7 1,068,080 378 1,454,945
WO RN—Ao—FHEH | BL 0 0 0 0| 19 2,511,240 19 2,511,240
g ¥—suo—FHEH | PL 0 0 0 0 0 0 0 0
% ¥ HREEH | EM 0 0 0 0 0 0 0 0
For Export/Public Use 0 0 0 0| 19 2,511,240 19 2,511,240
WMEER /A FF Sub Total
W N—Ao—FREEH | BL 0 0 2 12,290 8 1,122,000| 10 1,134,290
%‘i ¥—2so-—FREM | PL 0 0 0 0 0 0 0 0
)% FHEHREEMH| EM 0 0 1 4,000 0 0 1 4,000
For Export/Private Use 0 0 3 16,290 8 1,122,000 11 1,138,290
WHEFHE /N F Sub Total
&R For Export Total 0 0 3 16,290 27 3,633,240 30 3,649,530
& |N—AU-FRER | BL 0 0 3 6,500 8 3,204,540| 11 3,211,040
¥ |¥—2u—FEEH | PL 0 0 0 0 0 0 0 0
Wik wmeram| EM 0 o] o0 o] o0 of o 0
Public Use 0 0 3 6,500 23 3,204,540 | 26 3,211,040
H¥EH & Gt Total
N—2u—FEEH | BL 18 4,392 21 123,110 9 1,438,200 48 1,565,702
B lv—yu—rgmm | PL 0 0 1 3,200 2 58,580 3 61,780
i FHEHREH EM 147 55,098 | 118 210,718 0 0| 265 265,816
z ) fis | MC 66 137 0 0 0 0| 66 137
Private Use 231 59,627 140 337,028 11 1,496,780 | 382 1,893,435
BEMH & & Total
#w & Grand Total 231 59,627 | 143 343,528 | 34 4,701,320| 408 5,104,475

Note : Code Explanation BL : for Base Load PL : for Peak Load
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EM : for Emergency MC : any other miscellaneous use
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3. fiAARE—E> 4. BHigw
KT 200F5—KTzy b F—RI77 -2 I” F9 2005 BAGHA EAEDS L UBKE
I S
AEABROMS (kN) X 5 See I
EEAN 26 AZAbARY o, CABRENEmm | B No. of
No. of Units Thrust Class Diameter of No. of Units Models
LR LR Compressor Impeller
1 EHL AF A B
Maximum Thrust at Sea Level Static Condition Class 1 0~ 100 3,329,493 92
Class 2 101~ 200 27,137 30
Class 3 201~ 300 615 23
Class 4 301~ 400 115 18
R8 0054y —KY v T} y—KTuyT -2 Iv Class 5 401~ 500 122 15
L 3
EEABRRUHT W) Class 6 501~ 600 189 13
X 5 0~735kW | 736kW~ eV Class 7 601~ 700 223 12
Size Total
. N H:Il jj,\sez N H:'l jj;sgz N H'_ll jj;g@ Class 8 701"" 800 21 4
i ﬁ n.& Output Eﬁ Output E.& Output Class 9 801~ 900 136 14
Application |Units Units Units
(kw) (kw) (kw) Class 10 901~1,000 0 0
e B
Fixed Wing Airret 0 0|0 0|0 0 Class 11 1,001 0 0
1 & E Total 28,558 129
- )?757}13 4| 2,636 |39 63,429 | 43| 66,065 =2
Helicopter R R fiE A 2 12
?ﬁﬂ})%ﬁ.ﬁ.ﬂiiﬂfﬁ 17| 1,147 0 0 |17] 1,147 No. of Companies which supplied Data
Aux. Drive Unit %3 BREOTRLIRS — Y Tho.
A &t 21| 3,783 |39 63,429 |60 67,212 Every model is an exhaust turbine type supercharger.
Total 4 ARBUL, ERBEESMEIOMM 2T S ERT.
%2 EBHEHEFEERHD The figure shows total number of superchargers over 100mm in

Normal Output at Sea Level Static Condition impeller diameter.

%5 FHEEREIEIOOMm 28T 452 R,
The figure shows the total number of superchargers over 100 mm in impeller diameter.
10’
3329493
10°—
(] 4ma%  No. of Units
1 B 23 No. of Models
27137 28,_5_?8

10°

3
10 515

223
189 136

, 115 122 m 129

10 92— 1 1
30

! 23 18 15 13 12 2l 14

10—
4
. 0,0 0,0
-100 -200 -300 -400 -500 -600 <700 -800 -900 -1000 1001- FEt
Total
JEM R EAME (mm)

Diameter of Compressor Impeller

10 200548 IEERERUBREK

—50—
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TR RA I | 200648 REX ROBR7+—74, Bk

FH=ZAEY 0oL Ebh s TEEHHEME (FB
) CEZNEMLOBIR) THEERYDOUHDS
HISHIZ, #HRBE&THRO TRELARUER 7+ —5
A %, kD 5 FEEHKET9LDOSNE 28 TRIRD
PICRERLE LA, 2B, BHIZWEDEA LWIFK
WKHEINERY IEKRTLA

EHROT U v VI REBKR K E b TR SR 22 5 5
THEROEFHEEEEICTRNEEX, K¥EL5TIED
LW BOC#EEY TRBRFOREEREARESHE O
KBITT, FATRICHS HERRR Z SRR OEER
FICTRZET2HENTEE L,

BAOSHRIEZFEETESDREERATRAY - U
WEBOAWFER LY "TAKERBEHATRA Y-V ORH
Efgm tBELTEHR e 27 FCTHEHROD
F1,700CH/ AR5 — ¥ OR%E) ORFRELREHE
F L7z RO Z —FRESa—F 4 27 -
BEEZREM, ThIIARY - TONDTOREBE
RA DT AER T RIRBEER 2 ERANOHRE L /- ¢
BABTL, _

KICFHERR SRR T % )V F — R 28R = A L ¥ —
EHRHEEROBKEREEAE LY THBIER DV
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