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(571 ABSTRACT

An impeller for, such as, gas compressors and blowers,
fans, etc. comprising an impeller made of a martensite
alloy steel consisting essentially of 0.06-0.15 % of car-
bon, 11-13.5 % of chromium, 1.5 to 3 % of nickel, 0.7
to 2 % of molybdenum, 0:03 to 0.6 % of niobium, up
to 1 % of silicon, 0.2 to 2 % of manganese, up to 0.2
% of nitrogen and the balance of iron and incidental
impurities has highly improved strength, toughness
and corrosion resistance.

4 Claims, 8 Drawing Figures
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IMPELLER FOR GA_S-HANDLING APPARATUS

CROSS-REFERENCE OF THE RELATED
APPLICATION

This is a continuation-in-part application of the co-
pending U.S. Ser. No. 351,551 filed on Apr 16, 1973,
now abandoned. '

BACKGROUN_D OF THE INVENTION

This invention relates to an impeller for gas handling-

apparatus which comprises an impeller made. of a-mar-
tensite steel having high strength; high toughness- and
corrosion resistance.

Recently, with increase of large sized various plants
in iron industry and chemical industry, volume of turbo
type air compressors is also apt to-become greater and
increasing of number of revolution of impellers and
making the impellers of compressors larger have been
attempted. In order to attain high speed revolution-of a
large impeller, not only the progress of design and man-
ufacturing ‘technique, ‘but also supply of materials
which have high strength and high toughiness, are weld-
able and mechanically workable with ease and can be
economically made: mto artlcles on an mdustnal scale
are required.’

High strength and hrgh toughness enough 'to stand
high speed revolution are required for impeliers for
compressors and blowers. The reason why high
strength materials of 0.2 % yield strength 80 kg/mm?*
grade are required for said impellers is that they must
stand high centrifugal force (statial stress) and vibra-
tion stress generated by high' speed revolution. Im-
provement in strength and toughness makes it possible
to obtain small-sized’ and light weight 1mpellers and
moreover it results in remarkable improvements in eco-
nomical problem, efﬁctency, durabrhty and rehabxhty
of machineries. = °

Conventionally, as materials for impellers, carbon
steel has been uséd in case of relatively low speéd revo-
lution and low alloy steel of high strength has béen used
in case of high speed revolution and hlgh stress. Re-
cently, however, due to increase of atomospheric pollu-
tion in industrial areas, 1mpellers made from these
steels result in extreme reduction in efficiency, durabil-
ity and reliability of apparatus, by corrosion weight loss
of the steels. Hitherto, ferrite, martensite; and austenite
stainless steels have been used in a corrosive environ-
ment. However, impellers made of the ferrite and aus-
tenite stamless steels cannot be operated at. a hlgh
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speed which produces a high stress because they have

low strengths. On the other hand, in case of using mar-
tensite stainless steel, low temperature crackmg is
easrly caused at welding because of great self- harden-
ing property. In order to rémove the defect, a tempera-
ture for preheating and temperature between welding
layers are required to be kept high, and thus there i isa
problem in weldability. With reference to a martensite
stainless steel, considerably high strength can be
attained by increasing the content of carbon or
choosing a tempering temperature lower than 600C.

However, when it is intended to obtain high strength .

by increasing the content of carbon, toughness, corto-
sion resistance and weldability are deteriorated and
when the tempering temperature is lowered, toughness
and corrosion resistance are extremely decreased.
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2
. SUMMARY OF THE INVENTION

The main object of this invention is to provide impel-
lers for air compressors, blowers, fans, gas compres-
sors, etc. having a high strength and toughness and an
improved corrosion resistance.

The impellers of the present invention are - made of a -
martensite. alloy steel comprising, based on weight,
0.06-0.15 % of carbon, 11-13.5 % of chromium, 1.5-3
% of nickel, 0.7-2 % of molybdenum, 0.03-0.6 % of ni-:
obium and the balance of iron except for the incidental
impurities. According to the present invention, weld-
ability, strength, toughness and corrosion resistance of
the known martensite alloy steel are improved by add-
ing molybdenum and niobium, and srmultaneously ad-
justing the content of carbon. ; :

With the conventional martensite stamless steel of
this kind, low temperature cracks occur unless the pre-
heating temperature at welding is. allowed to. raise to
about 250C, while the alloy steel in this invention’ re-
sults-in no cracks even if the preheating temperature is
lowered to about 100C. Moéreover, the conventional
martensite stainless steel has no sufficient strength and
toughness, while the alloy steel:in this invention has
both high strength and extremely excellent toughness :
as clarified in the Examples hereinafter given. Specifi-
cally, the alloy steel in this invention has such high
strength and toughness as 0.2 % yield strength of more
than 80 kg/mm? and impact value of more than 10 kg-
m/mm?. Furthermore, nickel, molybdenum and 'nio-
bium all directly or indirectly contrrbute to 1mprove-
ment in corrosion resistance. :

The  reasons for restriction. of the component ele-
ments as mentioned above are’ as follows: :

Carbon is an essential element for enlarging the aus-
tenite area of an iron-chromium alloy which has an in--
creased hardenability so that a quench hardenability is
given to the alloy steel. With increase of the content of
carbon, precipitation of* ferrite is prevented and hard-
enability is improved to increase tensile strength, yield
point and hardness while weldability and toughness are -
decreased and- moreover, carbon is combined with .
chromium to form carbide to cause reduction of con-
tent of chromium in the base metal matrix thereby to
extremely damage corrosion resistance. Therefore, tak-
ing the strength, toughness and corrosion resistance
into account, content of carbon is restricted to the
range of 0.06 % to 0.15 % which satisfies the three re-
quirements. Especially, 0.07 to 0.11 % of carbon will
bring about best results.

Chromium has a passivation action and is'an element
essential for allowing the steel of this invention to ex-
hibit a function as a stainless steel. When the content is
less than 11 %, the effect is conspicuously decreased
and when the content is more than 13.5 % and when
contents of carbon and nickel which are austenite sta-
bilizing elements are near the lower limit or contents of
ferrite forming elements such as molybdenum, nio-
bium, etc.-are near the upper limit, ferrite is markedly
precipitated to cause reduction of strength and tough-
ness. Therefore, content of. chromium is restricted to
the range of 11 to 13.5 %, especially to the range of
11.5 to 12.5 %.

Nickel is an austenite forming element like carbon
and. prevents precipitation of .ferrite and increases .
hardenability, but it has the following useful character- .-
istics different from action of carbon: That is, it does
not-produce reaction product such as a carbide which
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damages corrosion resistance and it is dissolved in the
base metal matrix as a solid solution to increase
strength, to improve low temperature toughness and to
stabilize austenite structure without lowering weldabil-
ity due to increase in solid solution hardening and in-
crease in temper softening resistance. Therefore, it be-
comes possible to add ferrite forming elements such as
molybdenum, niobium, etc. and at the same time it be-
comes possible to decrease the content of carbon
which has bad effect on corrosion resistance, weldabil-
ity and toughness. Since nickel lowers A, transforma-
tion point, addition of it in a large amount makes it im-
possible to carry out hot tempering and causes reduc-
tion of M, point, formation of retained austenite and
decrease of yield point. Therefore, 3 % is an upper limit
for the desired strength. On the other hand, when con-
tent of nickel is less than 1.5 %, formation of ferrite
and reduction of strength and toughness become con-
spicuous and the lower limit is 1.5 %. Preferable results
would be obtained in the range of 1.8 to 2.2 %.

Molybdenum is an element having an effective action
for improvement in corrosion resistance, strength and
toughness. Addition of at least 0.7 % results in remark-
able effects. On the other hand, since molbdenum isa
ferrite forming element, addition of more than 2 %
causes formation of ferrite in a large amount to rather
reduce ‘strength and toughness. Such being the case,
the lower limit and the upper limit are 0.7 % and 2.0 %,
respectively. The range of 0.8 to 1.2 % of molybdenum
is preferable.

Niobium is a strong carbide forming element which
forms a carbide in preference to chromium. Therefore,
addition of niobium increases effective amount of chro-
mium to be dissolved in the base metal matrix as a solid
solution to cause improvement in corrosion resistance
and reduction in brittleness due to carbon. At the same
time, it increases yield strength and moreover renders
crystal grains refined to improve the toughness. How-
ever, increase.of amount of niobium added accelerates
formation of ferrite and furthermore reduces tough-
ness due. to excess dissolution in the base metal matrix,
precipitation of intermetallic compound, etc. The
amount of niobium to be added is suitably 0.5 to 4
times that of carbon, namely, 0.03 to 0.6 %. Particu-
larly, 0.1 to 0.3 % of niobium is preferable.

Besides niobium, there are aluminum, titanium, va-
nadium, etc. as a grain refining agent. However, alumi-
num and titanium have strong affinity with oxygen and
addition of them in a large amount causes increase in
the amount of non-metallic oxide inclusion mainly
composed of deoxidation products. Titanium reacts
with nitrogen to produce coarse TiN which extremely
deteriorates purity of the steel. Vanadium also has the
similar action as niobium, but has smaller effects than
niobium in improvements in tensile and yield strengths
and grain growth inhibiting action and has ferrite form-
ing action stronger than niobium by 2 to 3 times.
Therefore, vanadium is inferior to niobium in increase
of yield strength and improvement in toughness due to
grain refining. The alloy steel according to the present
invention can contain such a deoxidizing agent as alu-
minium, titanium, calcium, magnesium or rare earth
metals, but the amount of each element should be less
than 0.2 % by weight. The rare earth metals include
celium, lanthanum, praseodymium, neodymium, pro-
methium, samarium, etc. In order to exhibit the
strength, toughness and other various characteristics to
their maximum, suitable adjustment is required so that
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4
Cr equivalent (calculation formula: {[CR] + 2[Si] +
1.5{Mo] + 2[Nb] 2[Ni} {Mn] 15[N]) is within the
range of 7 to 13 within the range of addition amount of
each alloy elements as mentioned above.

In the production of the alloy steel, addition of deoxi-
dizer may be omitted if it is subjected to vacuum treat-
ments such as vacuum dissolution, vacuum degasifica-
tion, etc. Thus, in this case, an alloy steel containing no
deoxidizing elements is obtained. However, in order to

accomplish a stronger deoxidization or in case of no
vacuum treatments being carried out, addition of deox-
idizing elements is required.

Silicon which serves as a deoxidizing element slightly
improves corrosion resistance and incrases strength
due to dissolution in the base metal matrix as a solid so-
lution. However, when it is added in a large amount,
amount of ferrite precipitated is increased to result-in
heterogeneous structure and to cause -reduction-in
toughness. Therefore, the amount of silicon should not
exceed 1 %.

When aluminum, titanium, calcium, magnesium and
rare earth elements are used as deoxidizing agent, these
should be added in an amount of not more than 0.2 %.
When they exceed 0.2 %, carbide and non-metallic in-
clusions are increased to reduce toughness and thus ob-
tained steel becomes different from that of this inven-
tion. The total amount of deoxidizing agents other than
silicon and magnesium is preferably limited to less than
0.2 % by weight.

Furthermore, manganese which serves as deoxidizing
agent has effects of stabilization of austenite and in-
creasing. of strength is an useful element and so can be
positively added. In this case, when amount of manga-
nese is less than 0.2 %, the effect attained is insufficient
and when more than 2 %, the yield point is apt to de-
crease probably because a stable retained austenite is
formed due to synergistric effect thereof with nickel.
Therefore, the content of manganese is preferably
0.2-2 %.

Nitrogen enters into alloy during dissolution from
atomosphere or from the melting materials. Nitrogen in
a slight amount is effective for stabilization of austenite
and improvement of strength. Therefore, it can be posi-
tively contained in an amount of up to 0.2 %. However,
when it exceeds 0.2 %, reduction in toughness is caused
and such addition should be avoided.

.BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a microphotograph (% 400) of structure of
Sample No. 1 alloy steel of this invention which was
quenched from 1000C and then tempered at 630C. As
is clear from the microphotograph, the structure is ho-
mogeneous tempered sorbite structure having fine
crystal grain.

FIGS. 24 and 2b show V-shaped beveling Lehlgh type
test piece used for examining restriction welding cracks
in the following Example.

FIG. 3 shows relation between 0.2 % yield strength
and impact value of the steels of this invention and the
conventional steels.

FIG. 4 shows corrosion weight loss and corrosion em-
brittlement of the steels of this invention and the con-
ventional steels.

FIG. 5 is a schematic view of one embodiment of an
impeller of blower of this invention.

FIG. 6 is a schematic view of one embodiment of an
impeller of a gas compressor of this invention.
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In FIGS. 5 and 6, 1 is a side plate, 2 is a center plate
and 3 is blades.

FIG. 7 shows relation between tempering tempera-
ture and impact values of the steel of this mventlon and

the comparative steels. ‘ 5
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
This invention will be explained in more detail by the
following Examples. : 10

Alloy steels having the compositions as shown in
Table 1 were subjected to the tests for examination of
mechanical properties and state of welding cracks.

6

to this invention and the comparative steels of Samples
No. 13 and 14 as shown in above Table. It is clear from
this FIG. 3 that the impact value of Sample No. 13 and
14 steels is low, namely, 3-4 kg.m/cm? at high strength-
and 5-7 kg.m/cm? even at low strength while the alloy
steel according to this invention has simultaneously
high strength and high toughness. When impact values
of the Samples No. 13 and 14 and those of the steels ac-
cording to this invention are compared at an identical
strength, it is clear that the steels according to this in-
vention have high strength and high toughness simulta-
neously.

For examination of the state of welding crack, V-

Table 1
Sample Chemical Composition (% by weight)

No. C Si Mn Cr Ni Mo Nb Al Ti N Fe
1 0.12 0.32 1.60 12.3 1.80 0.98 0.18 0.008 0.005 0.02  Balance
2 0.13 0.85 0.31 12.1 1.64 0.92 0.55 0.005 0.004 0.01 “
3 0.10 0.32 0.64 12.1 1.56 0.79 0.26 0.011 0.006 0.01 «
4 0.10 0.38 0.31 12.1 1.68 0.93 0.15 0.006 0.005 0.08 “
5 0.11 0.32 0.84 1.9 2.69 0.88 0.11 0.006 0.004 0.10 w
6 0.07 0.36 1.21 12.4 2.36 1.48 0.20 0.007 0.005 0.02 w

-7 0.11 0.31 1.02 12.6 2.15 1.21 0.26 0.010 0.006 0.03 w

.8 0.08 0.30 0.70 11.8 2.62 112 0.31 0.006 0.01 0.02 “
9 0.11 0.56 0.86 12.5 1.61 0.93 0.10 0.010 0.004 0.02 w

‘10 0.12 0.52 0.84 12.1 291 1.25 0.21 0.005 0.13 0.01 “
11 0.09 0.16 1.05 12.5 2.34 0.83 0.08 0.005 0.17 0.01- «
12 0.10 0.34 0.65 119 °  1.87 0.99 0.16 0.004 0.09 0.01 “
13 0.12 0.36 0.52 11.85 0.24 — — — — —

14 0.13 0.58 0.66 12.38 1.74 —_ — —_ — —

Samples No. 1-12 are the alloy steels used in this in-
vention. These were hardened at 1,000C and then tem-
pered for 5 hours at the temperatures as shown in Table
2. Thereafter, these samples were subjected to the
tests. Samples No. 13 and 14 are commercially avail-
able stainless steel. These were hardened at 970C and
then tempered for 5 hours at the temperatures as
shown in Table 2. Thereafter, these samples were sub-
jected to the tests. Table 2 shows mechanical proper-
ties at various tempering temperatures. Samples No.
1-12 of this invention were extremely higher than sam-
ples No. 13 and 14 impact value. Moreover, samples
No. 1-12 had a 0.2 % yield strength of higher than 80
kg/mm? and thus had a high strength and toughness.

Table 2

45
Temper- 02 % : Impact
Sample ing Yield Tensile ELonga- value
No. tempera- strength  strength tion (kg-m/
ture (C) (kg/mm?) (kg/mm?) (%) cm?)
1 630 81.6 93.6 22.4 12,5 °
2 630 86.8 98.1 20.3 10.2 50
3 630 81.1 92.3 22.1 17.9
4 630 83.8 95.1 22.1 123
5 630 85.0 97.0 20.5 11.8
6 630 82.5 93.3 2176 14.6
7 630 86.3 98.4 211 15.3
7 650 83.1 94.4 22.2 17.8
8 630 81.0 94.2 22.8 15.1 55.
9 630 84.1 96.6 21.2 16.8
9 650 81.4 92.5 22.8 8.4
10 630 85.7 98.2 20.8 11.8
1t 630 81.5 93.8 23.0 14.8
12 630 82.1 94.7 21.5 154
13 600 67.4 82.7 233 3.5
13 650 60.1 75.6 24.8 6.8 60
14 600 8l1.6 92.2 22.5 34
i4 650 73.8 85.6 25.2- 5.7

FIG. 3 in which the mark @ indicates the data of the

35

40

alloy steels according to this invention and the mark 4 63

indicates those of the comparative steels of Samples
No. 13 and 14 shows relations between 0.2 % yield
strength and impact value of the alloy steels according

shaped beveling Lehigh type test pieces, as shown in
FIGS. 2a and 2b, for restriction welding crack was
welded using a mild steel welding rod for shield arc
welding having a diameter.of 4 mm and containing 0.08
% of carbon. The dimensions in FIGS. 2a and 2b are all
milimeters. The welding conditions were as follows:
preheating temperature—150C and 200C; welding cur-
rent—145 to 155 A; arc voltage—23 to 24 V; welding
speed—150 to 160 mm/min. After welding, the pieces
were cooled to 100C and then kept at 600C for 3
hours. Thereafter, the pieces were allowed to stand for
cooling to room temperature and then the cross section
of the heat affected zone was examined.

Table 3 shows the results, of the tests.

Table 3
Sample Preheating Presence of Position of
No. temperature crack cracks
<)
150 None
7 200 None- —
150 None
3 L
200 None —
150 Present At the heat
13 affected zone
200 Present
150 Present
14
200 Present’

Samples No. 13 and 14 which were commercially
available produced cracks even when the preheating
temperature of 200C was employed while samples No..
7 and 3 of this invention showed no cracks when the
preheating temperature of 150C as well as when the
preheating temperature of 200C. .

‘The following Table 4 shows the results when anode
polarization curves of steel of Sample No. 12 according
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to this invention and comparative steel of Sample No.
13 in 1'% sodium chloride solution'were obtained and
electric potentials at which pitting occurred were ob-
tained. As'is clear from the Table, the electric potential
at which pitting of the steel according to'this-invention
occurred was extremely higher than that of the Sample
No. 13 steel. Thus, pitting resistance of the steel ac-

cording to this invention is markedly higher than that of’

the Sample No. 13 steel.
Table 4

Sample No. Electric potential at which
pitting occurred (mV vs SCE)
12 40
13 300

The Sample No. 12 steel according to this invention
and the comparative Samples No. 13 and 14 steels were
subjected to corrosion weight loss test in a 0.5 % acetic
acid aqueous solution saturated with hydrogen sulfide
(about 2800 ppm). Furthermore, the steels were
dipped in the corrosion solution for a predetermined
period and then subjected to tension test and degree of
embrittlement of the steels was calculated from elonga-
tions before and after the corrosion test in accordance
with the following formula: Degree of embrittlement
(%) =[(A Ao)/A] % 100 wherein A is elongation be-
fore the corrosion test and Ao is elongation after the
test. The results of the corrosion weight loss test and
the corrosion embrittlement test are shown in FIG. 4 in
which the corrosion time on horizontal axis is logarith-
mically indicated. As is clear from this FIG. 4, the steel
according to this invention is much superior to the
comparative Samples No. 13 and 14 steels in both the
corrosion weight loss and corrosion embrittlement.

FIG. 7 shows relation between tempering tempera-
ture and impact value of Sample No. 12 steel of this in-
vention which has hardened under the same condition
as in Table 2 and tempered at a temperature of lower

than 680C for 5 hours. Impact values of steels of 0.1 %’

C—12%Cr—2%Ni—1.5%Moand 0.1 %C —
12% Cr — 2 % Ni — 1.5 % Mo — 0.3 %V are also
shown in FIG. 7 for comparison. As is clear from FIG.
7, the steel of this invention has remarkably higher im-
pact values than the comparative steels and further-
more, the steel of this invention does not show reduc-
tion in impact value as recognized in the comparative
steels when they are tempered at about 500C. Such
characteristic of the steel of this invention provides the
great merit that the steel can be tempered at about
500C and can be used at high strength state. V is a car-
bide forming element as Nb is and addition of V results
in increase in strength, but as is clear from FIG. 7, im-
pact value is extremely decreased and thus the effect of
V on impact value is utterly different from that of Nb.

The present invention may be applied to impellers of
air compressors, blowers, gas compressors, fans, and
the like.

In FIG. 5, the impeller for blower comprises center
plate 2, side plate 1 and blades 3, and center plate 2
and blades 3 and blades 3 and side plate 1 are respec-
tively rivet-jointed at 5. Auxiliary blades 7 are fixed to
blades 3 by welding. Blades 3 and side plate 1 may be
welded at butt portion 6. Thus assembled impeller is
provided with shaft 4 which pierces the impeller. In
FIG. 6, blades 3 of impeller for compressor are welded
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to center plate 2 and side plate 1 and a shaft (not
shown) is fixed in shaft hole 10. However, blades 3 may
be fixed to center plate-2 and side plate 1 by rivet-
jointing. In case of blower, as shown in FIG. 5, air, air
containing dusts or waste gases from various furnaces is
sucked into impeller from the direction shown by arrow
8 and discharged from spaces between the blades 3 to
the direction shown by arrow 9. Thus, in case of
blower, area of inlet for sucking is relatively smaller
than that of outlet for discharging. Therefore, when
mechanical strength of blades 3 and 7, center plate 2
and side plate 1 is high, size of impeller per desired ca-
pacity can be made smaller or discharge amount can be
made greater by increasing the number of revolution of
impeller. The steel of this invention has a high mechan-
ical strength and so the size of the impeller can be made
smaller by 10-20 %. Furthermore, in case of compres-
sor, air, or air containing carbon dioxide, nitrogen gas,
oxygen gas, sulfurous acid gas, etc. (gases from plant
for production of sulfuric acid) is sucked from sucking
inlet in the direction shown by arrow 11, compressed in
the impeller and discharged from the spaces between
the blades to the direction shown by arrow 12. Thus, in
case of impeller of compressor, the sectional area of
sucking inlet is relatively greater than that of the dis-
charging outlet.

Since the steel of this invention is excellent also in
corrosion resistance, it is suitably used in devices which
handle various corrosive gases as mentioned above.

As explained above, the impellers of this invention
made of the alloy steel having components as specified
in this invention are markedly superior to those of the
conventional corrosion resistant martensite stainless
steels in strength and toughness as well as corrosion re-
sistance.

What is claimed is:

‘1. An impeller for gas handling apparatus comprising
a pair of annular plates, a plurality of blades arranged
in concentric relation with each other and fixed to each
of the plates in the substantially axial direction, and a
shaft disposed in the center of the arranged blades, said
plates and blades being madé¢ of a martensite alloy steel
consisting essentially of, based on weight, 0.06 t0 0.15
% of carbon, 11 to 13.5 % of chromium, 1.5 to 3 % of
nickel, 0.7 to 2 % of molybdenum, 0.03 to 0.6 % nio-
bium, up to 1 % of silicon, 0.2 to 2 % of manganese, up
to 0.2 % of nitrogen, up to 0.2 % in a total amount of
at least one member selected from the group consisting
of aluminum, titanium, calcium, magnesium and rare
earth elements, and the balance substantially iron,
amounts of chromium, silicon, molyblenum, niobium,
nickel, manganese and nitrogen being adjusted so that
chromium equivalent is within the range of 7 to 13.

2. An impeller for gas handling apparatus comprising
a pair of annular plates, plurality of blades arranged in
concentric relation with each other and fixed to each of
the plates in substantially axial direction and a shaft dis-
posed in the center of the arranged blades, said plates
and blades being made of a martensite alloy steel con-
sisting essentially of, based on weight, 0.07 to 0.11 % of
carbon, 11.5 to 12.5 % of chromium, 1.8 to 2.2 % of
nickel, 0.8 to 1.2 % of molybdenum, 0.1 to 0.3 % of ni-
obium, up to 1 % of silicon, 0.2 to 2 % of manganese,
up to 0.2 % of nitrogen, up to 0.2 % in a total amount
of at least one member selected-from the group consist-
ing of aluminum, titanium, calcium, manganese and
rare earth elements, and the balance substantially iron,
amounts of chromium, silicon, molybdenum, niobium,
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nickel, magnanese and nitrogen being adjusted so that
chromium equivalent is within the range of 7 to 13.

3. An impeller according to claim 1, wherein one of
the plates has a gas inlet around the shaft, a section
area of the gas inlet being smaller than a outlet formed
between the blades whereby a gas introduced into the
impeller is discharged from the outlet.
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4. An impeller according to claim 2, wherein one of
the plates has a gas inlet around the shaft, a section
area of the gas inlet being larger than a outlet formed
between the blades, whereby a gas introduced into the
impeller is compressed therein and discharged from the

outlet.
* * * * *



