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In turbines, especially steam turbines of
the kind in which the driving medium passes
through the turbine in radial cdirection,
which type of turhine ig generally known
under the denomination “Ljungstrém tur-
bines”, the maximum output of the turbine
18 limited by the cross-sectional area of the
steam passage between the blades of the out-
ermost rotor of the turbine. The magni-
fude of said area depends on how long the
blades can be made, the length, in turn, being
determined by the capacity of the blades to
take up stresses due to the centrifugal force
to which they _
Zhe blades are subjected to pending stresses
due to the centrifugal force and, as their sec-

tion 1s approximately determined by the con-

citions of flow of the driving medium, i. e.
the steam, the length must be limited so that
the stresses arising in the outer portions of
the blades due to the bending stresses lie
within permitted limits. It is evident, how-
ever, that, under such concitions, the strength
0T the material of the blade lying radially in-
ward with respect to said portions, as in the
central part of the blade, will not be. full
utilized, as the stresses created in the central
part on account of the centrifugal force (and

arising irom bending stresses) are consider-

ably smaller than the stresses in the outer
portions. -
The present invention has tor its object to
render it possible to more rationally utilize
the whole
above referred to for taking up stresses aris-
ing from the centrifugal torce, and to this
end I provide radial flow blades so con.
structed and arranged that only tension
stresses or only compression stresses arise
m the same, which stresses are un:formly or
practically uniformly distributed over a
cross-section of the blade taken anywhere
along the length of the blade. T
1he invention will be more tully described
with reference to the embodiments thereof

are subjected during rotation.

annular supporting or retaining

cross-section of a blade of the type

and in Sweden August 18, 1928,

illustrated on the accompanying drawings, in
connection with which further features char.
acterizing the invention will be set forth.
in the drawings, Fig. 1 is an axial section.
al view of part of g
corcing to the invention; Fig. 2 an elevation
of the same seen from below in F 1g. 1; Hig.

3 18 8 cross section of part of a rotor illus-
' A

trating the manner of

talken on the Iine 8¢—3¢ of Hig. 3; Fig. 8%
1S 2 cross-sectional view taken on the line f
o0—30 of Fig. 8; Fig. 4 is a cross section
ot the blades and

~—4 1n Fig. 3; Fig. 5 is a section taken on
the line 5—5 in Fig. 3 illustrating thickening
of the blades

their fastening places ; Hig. 6 is 2 cross-sec-
ti(}?al view taken on the line 6—6 ip Irig. 1; 65
anc | - )

Higs. T and 8 illustrate an embodiment of
the invention including straight stays. '

Referring more particularly to Figs. 1
through 6, reference

iown manner to rotatable auxiliary spaced

rings b,
Two annular members 5
nected thereto constitute a rotor. The steam
dow is in generally radial direction through
the rotor. ~ As is well known, a radial flow
turbine includes a number of such rotors
wiich are alternately conmected to aligned 80
shafts which rotate in opposite directions.
According to the invention, said blades have
such a shape (in the present case a shape
bent outwards in relation to the center of

rotation of |

gal force are substantially taken up by

tension stresses only, which are distributed

evenly or approximately

) evenly over the
Cross-section of the blade.

rotor constructed ac- 5q

securing blades and
svays, respectively, to supporting annular gs
mempers; Fig. 8¢ is a cross-sectional view

the stays taken on the line 60 .

and the stays, respectively, at "- _ -

character ¢ designates 70 :
y turbine blades which may be secured in

members or

for instance, by welding or rolling.
and the blades con- 75

_ the rotor) and are so supported 85
that stresses in the same due to the centrify. - N

On account of 90
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RS .the stresses mcreasmcr at the end portmns of

- the blades, _the. Cross. “sections of
- preferably increase towards the end portions,
© -~ or the

,_’jpomts, i. e. at their places of. fast»*e:mn0P n
~+annular members

. ' | blades
T "'.;"f"--_"_':CllI'VEd inlet and outlet
S lar) to the

- the blade.

i - tension stre:-_ases

Co e tothe
ST 45bﬂrs balance each other
IR result in- radially’; directed forces
S "'-i.f.upon said - T e
.. Preferably the stays are. arran@ed in zig-
)
g seen 1 radial chrectmn, at *
 angle: of fastening to the plane’ “of rotation
resulting in-a par-
with.a hlﬂ‘h critical
th‘Lt a rotor. con-
o in this. manner may’ without. dif- not Jimited to ‘the embod1ment of
.~ ficulty be used also. at conmdembly hlo‘hf-_jj
- -speeds- of revolutlon Prefembly the stays .
| drop or str eam—lme cmc:s- _
S Telaimisino o -
1: Tna tuere, a 1‘01:01" comprlsmﬁ' axmllv-_. >
and a plovality
- of blades securﬂd to and, efm..nchnﬂ between | .
. “having. axially -
cuwed inlet. E‘:.I‘ld outlet edges, the conformu. o

bemcr such tbat Stres#_.,jl._a?

,. " have a so called
,:_"j.-;:_-‘-:--‘_%:6?."5_sectmn as shown in Flgs 3 and 4.
SRR ,--.'res];)ectlvely,
- provided; for instance.
R ij-*i = Figs.

B bratlon of the vanes or the stays, Tegpectively. -
descrlbed

f.mventmn, &
‘would give a foroe
_-_-"of zero stress. -
It is .to. e onserved tha,t m blades con-
tmcted in the manner ab(we set forth, the o
_ created by the centrlfugal-;ff_
force will have a tendency to draw, the annu-
“lar members b toward each other.. .
o oter counteract this tendency,
30 ¢ 50 form
- tion of the annular ‘members; -t
o ?'--”_f*mmmtam the annular members
- . tance apart.
-s-are SO formed that, on
o ,trlfugal force.},

. arise in the same having a tendency to move. .-

- the annular members | b '
LA “other, thus counteracting
e members

S 40 dlﬂ’eren parts,

~of said annular, members,
“ticularly firm structure. w

gpeed for the rotor, €0
“structed -

blades may be reinforced at their

0, as shown at 2in Flo'. 5.

“As clearly shown in the drawings, -
preferably have parallel: outwardly

aforesaid edges,

hne parallel to the 11ne

ed as to maintain-

compressmn

the: action 011 said
of StIGSSGS e the blades.

plane of.

anmﬂar - members.

having long blades

In - rotors:

Ajl eﬁect sumlar ‘to thfz,t a,bove

-
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said blades -

end-

the

edﬂ‘es and the cross-.
' sections taken normal (that is, perpendicu--
are of equaliarea
" - for all or a greater portion of the 1ength of
-Referring: to: the cross-section’
- -:-._';Shown in Fig: 3a, if tlus were 4 Cross- sectlonji{;
of ‘a straight amally

ted. ‘This rotor comprl
i Wardly hent blades @ which at their ends are
- attached to: elemem,s b...

give a force
“-blades as. above deSC"‘lbﬂd

In order
I prowde stays-.
the mutual pos1-.-f.__r
that 1is, to -
o fixed dis- .
‘In the present case the stays -
account of the cen-.
stresses will s

away. . from: each - E
~as willappear 1 trom Fig. 7, bent out‘wardIV to .
of obtalming

medmm, (105

a. . The ~a high degree for the purpo Se.
i..e. the blades and the stays,___'_f;
may: be so:c hmensmned or, arranged Tespec- 1
T “that, as shown in. Fig. 3, the com- .
SRS :"-'--."ff"'pO'leIltS P and Q: divected. at rlght
rotation of the annular mem-
so that said stresses 2

R actmo"f

angles

S c:onstructed which !’
L chr fashion. ‘between the.an nular membﬂrs,--._'---_';.Llouble rotating turbines

‘an: oblique

“of up
,joutput of more: than 20,000 kw. R
the mventmn 1§

the same %%

l structlons falling within the invention.

or. st:ws S
remfercmﬂ' bands d mzw be- spaced supporting. members.
in the manner SHOWI

1 2 6 n. omﬂr t0. cmmtemct a v:a-'j‘f"”smcl members

'131011 of Sdld blades

would be obtamed 1f the blades, mstea,d oft:t' |

- blades. instead 'of tenision stresses, and, as-a
","'._consequence of ‘this, the stays. in thls case.
should be bent outmrdl so that covrespond-; ET
-:'_:;}1‘16 tensmn stresses arisein the stays. . R
In Figs. T, and 8 another embodlment of the
inve ’1'{31011 is ‘showm..
f__'__.sectlofl through a 11un1be1 foxd S
‘bine of the so- ~called double rotating typede-
__.._.swned for a high number of .
_-for
__ extending blade in a3
o ._;:L]ungstrom radial flow turbine of genera;llyi_;f
-~ known. construction, a stress diagram of
" forces acting on this area would
-+ line crossing the line of zero stress; ‘whereas
.20 with blades in- accordance with. the present
. corresponding stress  diagram. -

‘high capftclty

turbine, the: centri
‘blade retammcr members or strésses

Deing bent Outwa‘rdl}’ from the center o ro- -
“tation, are bent inwardly. In thls case com- - |

pression - stresses only: Would arise- in the .
700

Wi, 7 shows a- cross-'f 75 ___'-_'

rotors of a tur- -

revolutmns and
and Fig. 8:shows a pro-. . .
ection of one rotor carried out in ‘accordance 80 -

with the invention ‘and seen from the center =~
of rotation outwardly, with the blades omit--
ises a number of out-
Uponrotation. of the 8%

fugal-forces calse annular
in these -
which stresses tend
to-draw the ring olemonts b toward.each: .

uher In- order to cmmtermlance thls, stzws--_; 90 L

¢ are- arraﬂoed beuweﬂn said ring elements

the stresses 01“101*111;1*1 o

Cfirrymo' Tings ¢ as illustrated in Fig. 8.

TFor the pur-

" which stays in. this embodlmeat are straar*htff} B
or subsLaﬂtlallv straight but,. as-above: de-l_-.*fi |
.}scrlbed are arr ano’ed with
~wwith' respect to:tae p:ane ‘of rotation of an- -
nular member- b of the. rotor. |
pose- of taking up.
Hfrom. the centmfuﬂ‘al fOlces on -
‘and..for the purpose of increasing their _.. .

trength they are attached to cir cumfm*entmlf_;1_0__0 .

an oblique. anﬂle*g;;-. A

thﬂse, stavs . |

“the. bl ‘tdes @ i the outermost- rotors are, o

hl G*e onﬂet Q] *ea fov the drn*mn‘
. 6. i’m' Lhe, steam in a steam. turbme
- This hezwy outward

i i

bending does how-‘; S
f.;;-_}'_.ever -not reqmre any: part;cula,l atta,chment-ﬁ_ -
of the blades to the ring e: ements b, but: this ...
tachment m‘r}r bﬂ e A ected n m&nner known -10.-
-:'per e, - S

By the md of the mventlon rotors may bef.i': o

to 4 mA ‘and more

Tt is to be’ observed tlﬂ at

‘enable ‘the building of
with radial or near- -
_f'-ily radial steam flow for 3000 revolutlons per 115
minute- and with cutletareas In the last rotor .

aHOWﬂW a} 130we,1:{._'-

described above but includes.also. other ccn.. o

“Having thvs descrlbed m}'f mvcntwn,

said blafi es’

whau_{ o

125
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therein due to cenirifugal force, on rotation
of the blades, is substantially uniformly dis-
tributed over and at right angles to any
cross-section of minimum area. .

2. 1n a turbine, a rotor comprising axially
a plurality

spaced supporting members and
of blades secured to and extending between
said members, said blades having parallel
and axially curved inlet and outlet ecges,
the conformation of said blades being such
that tensional stress substantially uniform-
ly distributed over the entire cross-sectional
area of any cross-section pervendicular to
saict edges is imposed thereon by centrifugal
force due to rotation of the blades. o
5. In a turbine, a rotor comprising axially
spaced supporting members and a plurality
of blades of substantially uniform width gt
cross sections normal to an axially extending
edge thereof, said blades being secured o
said members and disposed therebetween, the

~ceniral portions of said blades being at a dif-
Terent radial distance from the axis of rota.

tion than the ends of the blades and means
providing a radial flow of fluid to said blades,

R L - . _'
4. In a turbine, a rotos comprising spaced.

supporting members and g plurality of
blacies of substantially uniform swidth at
cross sections normel to an axially extendin o
edge thereof, snid blades being secured to
saicdd members and disnosed therebetween, the
end portiens of the hlsdes being radially
nearer the axis cf rotation than tha intor.
meciate pertiors, and means providing a ra-
cdial flow of fluid to said blades. '

5. In a turbine, 2 rotor comprising spaced
dorting members and g plarality of
blades of substantially uniform width of
2T058 sections normal to an axially extend-
ing edge thereof, said blades bein o secured to
. members and disnesed therebetieen at
an angte £0 a plane normal to the axis of ro-
tation of the turbine, said vanes being curved
raciially cutwardly intermediate  the ends
thereof. - _

0. In a turbine, a rotor comprising axiall
‘I £l
of blades secured to and _
sa:d members and having their end portions
oblique o a plane normal to the axis of ro-
tation of the turbine, said hlades transmit-
ting to seid members, due to centrifuoeal
force. forces having axial compenents, and
a plurality of stays between said members
tor counteracting the axial components of
sard forees. - o

o

7.
spaced supporting members, a plurality of
blades and a plurality of stays, said blades
and said stays being secured to said mem.
pers and disposed therebetween and having
their end portiens ohlique to a plane normal
w0 the axis of rotation of the turbine, the
plades being hent rachially in one direction
intermediate their

tation of the

at thewr ends
‘therebetween. o - |
11. Ina turbine, a rotor comprising axially

rTDIT ! LY of axially spaced
spaced supporting members and a plurality
extending between

In a turbine, a rotor comnrising axially

ends and the stays being

i;

bent radially in the opposite direction inter-
mediate their ends. | |

8. In a turbine, a rotor comprising axially
- spaced supporting mer ibers, a

blades and a plurality of stays, said blades
and said stays being secured to said membear
and disposed therebetween and havin o their
end portions cblique to a plane normal to the
axis of rotation of the turbing , the blades be-

1img bent radially outwardly intermediatc

their ends, and the stavs

9. In a turbine, a rotor comprising axially
spaced supporting memuers, a plurality of

blades having curved eages and a plurality

of stays secured at their ends to s81d mem-
bers, said blades and said stays having their
respective ends disposed equidistant from the
axis of rotation of the turbine and arranged
so that the axial components of forces exert-
ed on said members by the blades due to ro.

tially equal and opvosite axial foree Com-
ponents exerted on said members due fo ro-
tation of the stays. B | _ :

10. In a turbine, a rotor comprising axially
spaced supporting members, a plurality of
blades secured at their ends to said members

and disposed therebetween and having their

end portions at an angle to the axis of rota-
tion, and a plurality of oblique stays secured
to said members and disposed

spaced supporting members, a plurality of

blades secured at their ends to said members.

and disposed therebetween and having their
end portions at an angle to the axis of rota-
tion, said blades being bent radially outward-
ly intermediate their ends, and a plurality
ot stays secured at their ends to said mem-
bers, said stays being equi-distant radially

from the axis of rotation throughout their

length., - | D
12. In a turbine, a rotor comprising a pair

plurality of blades secured at their ends to
said members and disposed therebetween and
having their end portions oblique to a plane

normal to the axis of rotation, said blades

belng bent so that centrifugal force acting
thereon due to rotation produces tension in
sald blades, and a plurality of stays secured
at their ends to said members and disposed
therebetween and having their end portions

‘at an angle to a plane normal to the axis of
rotation, said stays being bent so that centrif-
pro-

ugal force acting thereon due to rotation

duces compression in said stays.

13. Ina turbine, a rotor comprising axially
spaced supporting members and a plurality
ends to said mem-

of blades secured at their _
bers, said blades each having curved inlet and
outlet edges in an axial direction.and said

urality of

being bent radially
nwardly intermediate their ends, -

blades are halanced by substan-

supporting members, a
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‘elements includingblades and stay
- attheirendstosaid members, said bledes each'
" having curved- mlet and eutlet edges in an -
. '_!""__,jemfl,l “direction, and v1brat10n

. means c1reumfere11t1a11 N essecmued with some'-:—;.

10 ._of said elements mtermedlete their ends. -

......

-'blades bemg thlcker perlpherally at the1r
nds than at their centrel portions. - .
“14. Ina turbme, a, Totor: eomprlsmg emelly E

epaced supporting ‘members, a plarality o

15. In a turbine, a rotor comprising emel—

T mtermedmte theirends. = - T
- 16, Ineturbme, a rotor eomprlsmﬂ' &Kl&ﬂ?; LT e

L '._freta,mmg members,

- said-retaining members S

 tween-and’ having uhelr ends secured to smd SRR
‘retaining members said-blades having inlet = = .

-~ edges and outlet’ edgee and saidinlet-and - woino Tt

: _Toutlet edges being both curved to form ‘trcs%:'_'i}f;--!- T e

~ between said. retammﬂ* members, R

- m't . . . L .- ’

. secured. . to.said’ ‘retaining membe TS, . Cgadd L o
| -.’j“"%t-bledes having inlet edges and outlet’ edﬂ'es,_f-'f_f.'-:.-":f:}‘: L
“and said mlet and- eutlet edges being” bom-':';}f_'; R -
“eurved: te formarcs between seld retelmng;_.jj”f‘fiif}--*';'_',r_- R
‘members, said bl ades being so- formed-asto
“be. sub]ect substantially enly to tension stress; - <7
S % and seld stey means bemO' under commesemn‘j}.ﬁii SR T
om0 A turbm_e compmsmo rete‘table blede;;’_'7’}'_'?"'-,. T
E i;_ji'-'retammo* ‘members, means. to: a,xmlly space o
o saidiretaining members’ bladesextending be-. ~ . -
SRR 59_5'<tween and hevme their ends secured. to se1d LT
~ . retalning members, each of said blades hav- =T
. inglengthwise eur‘ved inlet and outlet edgee,._'_"'f_i"'--,-i:'j'-?"_-;_"_*

- -ly spacing.
Ry - ‘blades. e}.tendme-

' 'sp aced
blades

supportmg members, a

c1rcumferent1elly

prowdmﬁ a radial ﬂow of fluid to.
18 A turbme cOomprising |

said retaining. members,

SRR RRE end means pmvmmﬂ* a- mchel ﬂow ef ﬂuld
BRI 555 aid blades. :

aving 1en0thW1se eurved mlet

g secured
“edges.

-said retaining members, E
of greater cross- -gectional area ad] ecent the'.‘

e

preventmﬂ"_

stays secured at -

and

a-plurality of -
and a plurality of sta;ys secured at
“their ends; to said members sald bledes
-having curved inlet
- plurality of |
R 'batgds eontaeumw eeld Steys mtermedlete tnelr_f}??;;”j” e
AT A turbme cempmsmg ot eteble blede-_..-__-iijf]i_?'}’f'?f":"_-~_".{f?'7:'___,-.-', ST
meansg: to axially space -« .o

‘rotatable: blade ~

Lo retaining members, stay means for axially .
S ~ spacing LT
o ;‘i_;extendmg ‘between and having their ends -~ -~

e 90.-A turbme eomprlemo' retetable blede_';?";";_.'-f’-‘__"_...-:';:?-_};-?'{f'..-"-:_'fi B
- ‘.-'-?;_'-_-freuemlno* members, a2 web: stmeture for emel—-a__--f.f_[.,--;_'_'- e

| gaid retaining’ members, and o

| ; betweeﬂ end having- thelr.-'-j_ff;-.l’*--_-'.f;f';;'---*"f’j AR

o ends Seeured to eeld retelr 1ng ‘members, said <

oo 80 plades h L

. . outlet. edges, - a:ld CYOSS- seetlens of umferm RS R
o area normel te said edges, the blades beingso S

21 A turbme comprlsmg rotateble blade

having inlet

_j_-i;fends than mtermedlete the ends.
- “In- testlmony whereof I heve eﬁ‘ied my;_‘"
. ly spaced supp ortmg members, a plurality of ;_5-__810’11&13111‘6 ' -
- blades and a plurality of; e

s o thewr ends to said members said bladeseach” .~ j |
‘having - curved. inlet and outlet edges,

0 ..means clrcumferentlelly eneegmo* sald steys_. SO

FREDRIK_ LJ UNGSTROM

' . formed that stress therein due o G%Iltl‘lng&I;fiff'".f.f'-j'f'-_.:ié-?}:_'_f_*; I

- 65 fOI‘CG IS SIlb St &Iltlauy umf OI'II]l}T dlstl‘lbllt(%d . , .

o -.".

-

:_._retemmg members, means to axially space
said retaining members,
of Dbetweenand hevmg their ends secured to said

retaining members; said bladés
end outlet ed ces, said inlet and “outlet
edges being both curved to form arcs between -
and said:blades being -

and blades extending

arranﬁed LTI _
bla,des ex endmcr be.-"}-l_ S
and means "
caid blade, 1 SR A
AR <100
mnd bla,des T
BT " | B
I B PR | .“:‘ 120
and- S 125
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