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The present invention relates to blades for use in axial 
compressors and more particularly to such blades for use 
in axial compressors which enable the operation thereof 
at relatively high Speed. 

Accordingly, it is an object of the present invention 
to provide a blade construction for axial compressors 
which is particularly effective at high speeds. 

Still another object of the present invention is to pro 
vide a swept-back type blade for axial cornpressors pro 
vided with collars or shroids to reduce the "pumping' 
which may result from boundary layer conditions at high 
Speeds. 
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Still another object of the present invention is to pro p 
vide a sturdy blade for axial type compressors which have 
the aforementioned advantageous operating character 
istics and which are relatively simple in structure, i.e., 
which combine these advantageous operating character 
istics with relatively light weight and good rigidity. 

In the attempt to render axial compressors suitable for 
very high flow velocities or rotational speeds the present 
invention provides a swept-back blade construction, i.e., 
a blade construction in which the leading or entering edge 
of the blade is not perpendicular or nearly perpendicular 
to the longitudinal axis of the device but is inclined rear 
wardly in the direction of flow. Such blades exhibit still 
a high degree of efficiency even with large axial flow 
velocities which approach the speed of sound and conse 
quently ordinarily would result in poor efficiency. This 
is due to the fact that only the components of flow which 
are perpendicular to the leading or entering edge of the 
blade are of significance in that case and the same are 
considerably smaller with a swept-back blade form than is 
the amount of the axial flow. 

Blades are known in the prior art in which the leading 
or entering edges thereof deviate by a slight angular 
amount from the perpendicular to the longitudinal axis 
of the device or machines. However, this angular amount 
is so small that it does not possess any significant influence 
on the reduction of the components of flow which are 
perpendicular to the leading or entering edge of the blade. 
Accordingly, the angular deviation of the prior art de 
vices or machines has no functional reason as regards 
flow conditions but rest solely on the fact that the blades 
are made somewhat smaller at the outer ends or tips 
than at the foot or root thereof only for reasons of 
rigidity. 
Boundary layer regions are produced around the blade 

as a result of the viscosity of the flow medium during 
the flow through an axial blade wheel in which the flow 
velocities decrease from the value of free or unobstruct 
ed flow to zero along the blade surface. The particles con 
tained in these boundary layers are, therefore, subjected 
to a centrifugal acceleration as a result of the rotation 
of the blade wheel which produces a secondary flow effect 
along the blade surface which is directed outwardly. 
This phenomena is known as “boundary layer centrifuging 
effect” and brings about a removal or withdrawal of the 
boundary layer material or mass in a manner similar or 
analogous to the boundary layer. Suction from the parts 
of the blades near the hub, thereof, and an accumulation 
or build-up of boundary layer material or mass near the 
outer rims or tips of the blades. The permissive load on 
the blades, is the greater the thinner the boundary layer is, 4. 
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expressed by the maximum lift coefficient came, or by 
the permissive deceleration of the flow velocity in a 
cascade or row of blades, which if exceeded would result 
in break or collapse of the fow and produce pumping 
which would take place. As a result of the boundary 
layer centrifuging effect the permissive deceleration is 
larger in the blade sections nearer the hub than in the 
outer sections thereof. It follows therefrom that the 
breaking or collapse or flow or resulting “pumping' of 
an axial compressor, or possibly also of an axial turbine, 
is influenced by the boundary layer movement or transport 
as a result of secondary flows whereby the thickness of 
the boundary layer in the outer blade section is decisive. 
The pumping limit or boundary may therefore be pushed 
out or be extended considerably if the boundary ayer 
centrifuging effect is interrupted as is possible, in principle, 
by the provision of a collar arranged at a constant dis 
tance from the main axis of the device or machine which 
is effective as a boundary layer “fence.' 

in Swept-back type blades according to the present in 
vention the provision of Such boundary layer fences are of 
particular significance because with such types of blades 
a boundary layer flow toward the outside which is required 
aerodynamically and which is caused by the swept-back 
shape Superimposes itself on the boundary layer centrifug 
ing effect brought about by the rotation of the blades. 
The result is an extraordinary large increase of the bound 
ary layer in the outer regions of the blades and therewith 
an increased danger of breaking or collapse of the flow 
or of pumping respectively. 
The present invention is predicated on the discovery 

that it has proven itself advantageous to provide a coilar 
having a height of approximately one-half the thick 
ness of the blade profile or cross section, . Relatively 
Small collar heights result from such a construction which 
permit the use of the boundary layer fences also with 
relatively large rotational speeds of the runner wheel, 
the more so, as the boundary layer fence by reason of its 
arrangement itself rotates only with moderate speeds. 
As the flow breaks or collapses primarily along the suc 
tion side or upper side of the blade it is important to im 
pede the boundary layer centrifuging effect thereat in an 
especially effective manner. It may, therefore, be ad 
vantageous if the collar height is larger on the blade 
Suction side than on the blade pressure side, or in the 
alternative if the collar is provided only along the blade 
suction side. In that manner a sufficient effectiveness is 
combined with a relatively light weight construction. 
If considerations of weight-saving, on the one hand, 
and effectiveness on the other are of great importance, 
the present invention provides an embodiment in which 
the collar extends only along a part of the periphery of 
the blade profile or cross section, especially along one 
half to two-thirds of the profile length with reference to 
the leading or entering edge of the blade. 

Further objects, features and advantages of the present 
invention will become obvious from the description when 
taken in connection with the accompanying drawing 
which shows, for purposes of illustration only, several em 
bodiments in accordance with the present invention, and 
wherein: 
FIGURE 1 is a side view of a blade in accordance with 

the present invention. 
FIGURE 2 is a cross sectional view of this blade taken. 

along line I-II of FIGURE 1. 
FGURE 3 is a cross sectional view through the blade. 

of FIGURE 1 taken along line II-III thereof and show 
ing only collar portions. on each side of the blade. 
FIGURE 4 is a cross sectional view taken along line 

IV-IV of FIGURE 1 showing a collar portion only along 
the upper or suction side of the blade, and 
FIGURE 5 is a cross sectional view similar-to FIGURE 
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3 of a modified embodiment in which the collar extends 
around the entire blade profile. 

In all the figures the rotary movement in the circumfer 
ential direction is indicated by arrow A, whereas the ar 
rows B indicate the direction of flow. 

Referring now more particularly to the drawing where 
in like reference numerals are used throughout the vari 
ous views to designate like parts, FIGURES 1 and 2 
show a swept-back blade, the leading or entering edge 1 
and also the trailing edge 2 of which are inclined rear 
wardly in the direction of flow B. Two boundary layer 
fences or collars 3 and 4 are arranged on the blade one 
behind the other in the radial direction thereof of which 
the inner one, designated by reference numeral 3 may be 
constructed as shown in FIGURE 3 which extends along 
the blade suction side 5 over about two-thirds of the blade 
width whereas on the blade pressure side 6 the collar ex 
tends over about one-half of the blade width taking the 
leading edge as point of reference. The second fence or 
collar 4 may be constructed as shown in FIGURE 4 and 
extends only along the blade suction side 5. 

In the embodiment according to FIGURE 3 in the in 
terest of reduction of weight the boundary layer fence or 
collar is concentrated only in those portions of the blade 
which are particularly sensitive with respect to the bound 
ary layer displacement. 
FIGURE 4 shows an embodiment of a boundary layer 

fence or collar in which particular importance is at 
tributed to the small weight thereof and which in con 
sideration of the centrifugal forces is, therefore, very 
advantageous as regards rigidity. Moreover, this embodi 
ment essentially also does not require any more space in 
the longitudinal direction than a blade without a bound 
ary layer fence or collar. The collar is thereby limited 
only to the area of larger suction, i.e., to the first half of 
the upper side 5 of the blade. 

In the embodiment according to FIGURE 5 the collar 
7 which may be substituted for the collar 3 of FIGURES 
1 and 2, which is provided on the blade suction side 5 
which serves as boundary layer fence has a larger height 
a than on the lower side 6 where the height is designated 
by reference character b. The boundary layer fence there 
by extends along the entire blade profile or cross section. 

While I have shown in FIGURES 1 and 2 a specific 
embodiment of a swept-back blade with two collars 3 and 
4 it is understood that the number thereof as well as the 
particular construction may be varied within the scope of 
the present invention and in accordance with my disclosure 
in FIGURES 3 to 5, depending in each case on the par 
ticular requirements of the blade. Moreover the heights 
of the collars in FIGURE 3 may be dimensioned differ 
ently on the suction and pressure side thereof, in a man 
ner similar to the different heights a and b in FIGURE 5. 
While I have shown several preferred embodiments in 

accordance with the present invention, it is understood 
that my invention is susceptible of many modifications and 
changes and I intend to cover all such modifications and 
changes except as limited by the appended claims. 

I claim: 
1. In an axial compressor for compressing a fluid me 

dium passing therethrough and having an axis of rotation, 
a blade extending essentially in a radial direction and in 
cluding a leading edge and a trailing edge, said leading 
edge being inclined at a constant angle of inclination in 
the direction of flow of said fluid medium as it approaches 
the leading edge of said blade, said blade further includ 
ing a collar extending essentially perpendicular to said 
radial direction so as to be effective as a boundary layer 
fence, Said collar being disposed between the radially 
outermost tip and the root of said blade and extending 
essentially at a constant distance from said axis of rota 
tion in the direction of said flow, the flow of fluid medium 
passing through said compressor producing a low pressure 
area on one side of the blade and a high pressure area on 
the other, the trailing edge of said blade being inclined 
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4 
rearwardly at a constant angle relative to the direction of 
flow of said fluid medium passing through said compres 
sor, said collar comprising a portion disposed on said 
one side of said blade and a further portion on said other 
side of said blade, each of said portions being spaced from 
said trailing edge. 

2. In an axial compressor, the combination according 
to claim 1 wherein said portion disposed on said one side 
of said blade is spaced a smaller distance from said trail 
ing edge than said portion on said other side. 

3. In an axial compressor, the combination according to 
claim 1, wherein said collar includes a further portion 
projecting upstream and around said leading edge. 

4. In an axial compressor, the combination according 
to claim 1, wherein said portion disposed on said one side 
of said blade extends a greater amount than said portion 
on said other side. 

5. An axial compressor for compressing a fluid medium 
passing therethrough and having an axis of rotation, com 
prising at least one blade of swept-back construction ex 
tending essentially in a radial direction with the leading 
edge thereof inclined at a constant angle of inclination in 
the direction of flow of said fluid medium as it approaches 
said leading edge, at least one collar extending from said 
blade essentially perpendicular to said radial direction and 
disposed between the radially outermost tip of said blade 
and the root thereof so as to be effective as a boundary 
layer fence, said collar further extending essentially in an 
axial direction at an essentially constant distance from 
said axis of rotation and over at least a portion of the 
axial width of said blade, the flow of fluid medium passing 
through said compressor producing a low pressure area 
on one side of the blade and a high pressure area on the 
other, said blade being provided with another collar dis 
posed radially outwardly with respect to said first-men 
tioned collar and extending at least over a portion of the 
axial width of said blade with reference to said leading 
edge, both of said collars extending only over a portion of 
said axial width of said blade, and wherein said first 
mentioned collar is provided on both the low pressure 
and high pressure side of said blade while said second 
mentioned collar is provided only along the low pressure 
side thereof. 
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