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(57) ABSTRACT 

A blade cascade of a turbomachine having at least one shape 
variation of a blade situated on the blade side in the proximity 
ofa side wall and extending downstream, and at least one side 
wall contouring of the side wall or at least one second shape 
variation of an adjacent blade near the side wall, as well as a 
turbomachine, are disclosed. 
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BLADE CASCADE AND TURBOMACHINE 

0001. This claims the benefit of European Patent Applica 
tion EP 12 197930.6, filed Dec. 19, 2012 and hereby incor 
porated by reference herein. 
0002 The present invention relates to a blade cascade of a 
turbomachine, a blade cascade of a turbomachine, and a tur 
bomachine. 

BACKGROUND 

0003. A fluid flow guided through a flow channel is 
deflected by a lateral pressure gradient parallel to the side 
wall. Since flow layers close to the wall, due to their low 
speed, are deflected more than flow layers remote from the 
wall, a secondary flow is formed which is Superimposed on a 
main flow. This results in pressure losses, among other things. 
The secondary flows typically arise in blade cascades of 
turbomachines such as gas turbines and steam turbines. The 
blade cascades are composed of a plurality of blades, situated 
next to one another in the peripheral direction, which are 
situated in a rotationally symmetrical flow channel, and 
between each of which a blade channel is formed in which the 
secondary flows originate. In the radial direction the blade 
channels are delimited in each case by a radially outer side 
wall on the housing side and by a radially inner side wall on 
the hub side. The side walls are formed by a stationary hous 
ing section, a rotor section, radially inner blade cover plates, 
and/or radially outer blade cover plates. In the peripheral 
direction, the blade channels are delimited in each case by a 
pressure side and an oppositely situated Suction side of the 
adjacent blades. 

SUMMARY OF THE INVENTION 

0004 To reduce the secondary flows and channel turbu 
lences, circumferentially asymmetrical contourings in the 
form of projections and/or impressions are frequently intro 
duced into the side walls. Thus, for example, it is proposed in 
the patent applications U.S. 2006/0233641A1 and U.S. 2007/ 
0258819 A1 to provide at least one of the side walls with at 
least two contourings, one contouring being designed as a 
projection and the at least one other contouring being 
designed as an impression. 
0005. It is an object of the present invention to provide a 
blade cascade for a turbomachinehaving a reduced secondary 
flow. Moreover, an alternate or additional object of the 
present invention is to provide a turbomachine having 
improved efficiency. 
0006. A blade cascade according to the present invention 
of a turbomachine has a plurality of blade channels which in 
the peripheral direction are delimited in each case by a pres 
Sure side of a blade and by an oppositely situated Suction side 
of an adjacent blade. In the radial direction, the blade chan 
nels are delimited in each case by two oppositely situated side 
walls. At least one of the side walls of the blade channels in 
each case is provided with at least one circumferentially 
asymmetrical side wall contouring in the area of one of the 
blades. According to the present invention, in the area of its 
pressure side or Suction side facing the side wall contouring 
the other blade has at least one shape variation extending 
downstream, near the side wall or in the area of the side wall. 
0007 Due to the specific configuration of the blade profile 
or shape variation in the side wall area, the positive effect is 
comparable to that achieved by the side wall contouring. 
Thus, by combining the side wall contouring with a shape 
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variation near the side wall on the blade side, a static pressure 
field at the at least one side wall and at the oppositely situated 
blade sides in the edge area is influenced in Such a way that a 
secondary flow is significantly reduced. As a result, flow 
losses are reduced and inflow onto a Subsequent blade cas 
cade is improved. The at least one shape variation represents 
one specific configuration of the blade profile in the side wall 
area which relates to a design with and also without a fillet. 
0008. In one exemplary embodiment, the shape variation 

is a thickened area on the pressure side, and the at least one 
side wall contouring is an impression on the Suction side. The 
thickened area is a localized surface area extension of the 
pressure side following the blade profile in the flow direction, 
and thus causes a reduction in the channel cross section on the 
pressure side. The thickened area preferably has a radial 
extension which corresponds to a maximum of 15% of a blade 
channel height. 
0009. The pressure-side thickened area preferably extends 
downstream from a leading edge on the blade side, and the 
Suction-side impression begins upstream from a leading edge 
on the blade side. The impression preferably extends over or 
practically over the entire axial width of the suction side. 
0010. In addition, a side wall contouring in the form of a 
Suction-side projection may be formed downstream from the 
impression. 
0011. In one alternative exemplary embodiment, the shape 
variation is an abrasion of the Suction side, and the at least one 
side wall contouring is a projection on the pressure side. The 
abrasion of the blade is a localized surface area extension of 
the suction side following the blade profile in the flow direc 
tion, and thus causes an enlargement in the channel cross 
section on the Suction side. The abrasion preferably has a 
radial extension which corresponds to a maximum of 15% of 
a blade channel height. 
0012. The suction-side abrasion preferably extends down 
stream from a leading edge on the blade side, and the pres 
Sure-side projection begins upstream from a leading edge on 
the blade side. The projection advantageously extends to an 
area which corresponds to approximately 60% of an axial 
blade width. 

0013. In addition, a side wall contouring in the form of a 
pressure-side impression may be formed downstream from 
the pressure-side projection. The pressure-side impression is 
preferably situated with its lowest section upstream from a 
trailing edge on the blade side. 
0014. An alternative blade cascade according to the 
present invention of a turbomachine has a plurality of blade 
channels which in the peripheral direction are delimited in 
each case by a pressure side of a blade and by an oppositely 
situated Suction side of an adjacent blade. In the radial direc 
tion the blade channels are delimited in each case by two 
oppositely situated side walls. According to the present inven 
tion, the pressure side and the oppositely situated Suction side 
each have at least one shape variation extending downstream, 
near or in the area of at least one of the side walls. Depending 
on the design of the shape variations, the blade channel may 
have a reduced cross section or an enlarged cross section 
compared to a blade channel without shape variations on the 
blade side. 

0015 The pressure-side shape variation is preferably a 
localized thickened area of the pressure side, and the Suction 
side shape variation is preferably an abrasion of the oppo 
sitely situated Suction side. 
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0016 A preferred turbomachine has at least one blade 
cascade according to the present invention. Due to the 
reduced secondary flows and channel turbulences, this type of 
turbomachine has improved efficiency compared to a turbo 
machine having a conventional blade cascade. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 Preferred exemplary embodiments of the present 
invention are explained in greater detail below with reference 
to schematic illustrations. 
0018 FIG. 1 shows an exposed peripheral section of a first 
exemplary embodiment of a blade cascade according to the 
present invention; 
0019 FIGS. 2a and 2b show sectional views of alternative 
shape variations along line A-A in FIG. 1; 
0020 FIG. 3 shows an exposed peripheral section of a 
second exemplary embodiment of the blade cascade accord 
ing to the present invention; 
0021 FIG. 4 shows an exposed peripheral section of a 
third exemplary embodiment of the blade cascade according 
to the present invention; 
0022 FIGS. 5a and 5b show sectional views of alternative 
shape variations along line B-B in FIG. 2, 
0023 FIG. 6 shows an exposed peripheral section of a 
fourthexemplary embodiment of the blade cascade according 
to the present invention, and 
0024 FIG. 7 shows an exposed peripheral section of one 
exemplary embodiment of a further blade cascade according 
to the present invention. 

DETAILED DESCRIPTION 

0025. As shown in the first exemplary embodiment 
according to FIG. 1, a blade cascade 1 according to the 
present invention has a plurality of blades 2a, 2b which are 
situated next to one another in the peripheral direction of 
blade cascade 1 and which in each case delimit a blade chan 
nel 4. Blade cascade 1 is preferably a blade cascade of an axial 
turbomachine Such as an aircraft engine or a stationary gas 
turbine. For example, blade cascade 1 is situated in the low 
pressure turbine of the turbomachine. 
0026. Blade cascade 1 is situated concentrically with 
respect to a machine axis or rotor axis, not shown, which 
extends in axial direction X. According to the illustration in 
FIG. 1, a main flow, not shown, flows through the blade 
cascade from left to right, the main flow in blade channels 4 
being correspondingly deflected in the peripheral direction. 
0027. In the peripheral direction, each blade channel 4 is 
delimited by a pressure side 6 of first blade 2a and by an 
oppositely situated suction side 8 of second blade 2b, the first 
blade and the second blade in each case extending between a 
leading edge 10a, 10b and a trailing edge 12a, 12b of blades 
2a, 2b, respectively. In axial direction X, each blade channel 4 
is delimited by leading edges 10a, 10b and by trailing edges 
12a, 12b, respectively. In the radial direction, each blade 
channel 4 is delimited by a hub-side or inner side wall 14. In 
addition, eachblade channel 4 is delimited in the radial direc 
tion by a housing-side or outer side wall 114, shown solely 
schematically in FIG. 2a, situated opposite from the inner 
side wall. Inner side wall 14 is formed, for example, by a rotor 
section or a platform on the blade root side. The outer side 
wall is formed, for example, by a housing section or an outer 
shroud on the blade tip side, and may have the same design as 
inner side wall 14. 
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0028. At least inner side wall 14 is provided with a cir 
cumferentially asymmetrical side wall contouring 18, and 
with an oppositely situated pressure-side shape variation 16 
of pressure side 6. 
0029 Side wall contouring 18 is a suction-side impression 
in the form of a trough. The side wall contouring is graphi 
cally depicted by a plurality of depth contour lines 20, its 
maximum or deepest section being provided with a minus 
sign. The side wall contouring begins upstream from leading 
edge 10b and extends approximately over the entire axial 
width of blade 2b. The deepest section of the side wall con 
touring is situated at a distance from Suction side 8 in the 
peripheral direction. The deepest section preferably has a 
Small area, and is oval in particular. 
0030 Pressure-side shape variation 16 is a thickened area 
of pressure side 6 which extends downstream from leading 
edge 10a to approximately 50% of the axial width of blade 2a. 
Thickened area 16 preferably has a radial extension of up to 
approximately 15% of a blade channel height, measured from 
side wall 14. As indicated by the dashed line, the thickened 
area has a profile-like curve and is formed on pressure side 6. 
near side wall 14. Due to its extension into blade channel 4, 
the thickened area causes a reduction in the channel cross 
section in the area near the side wall. 
0031. As shown in FIG. 2a, thickened area 16 has a trian 
gular cross section in one exemplary embodiment. The great 
est extension of the thickened area into blade channel 4 is 
directly at sidewall 14. In the radial direction of blade cascade 
1 or of the turbomachine, the cross-sectional area of thick 
ened area 16 is linearly reduced, and then gradually merges 
into an original pressure side curve 21 of blade 2a outside the 
side wall area. 
0032 FIG.2b shows one exemplary embodiment in which 
thickened area 16 extends perpendicularly with respect to 
side wall 14, and via a curved section having one inflection 
point, for example, merges into an unchanged pressure side 
curve 21 of blade 2a outside the side wall area. 
0033. In the second exemplary embodiment of blade cas 
cade 1 shown in FIG. 3, a second side wall contouring 22 is 
provided in a blade channel 4 between two blades 2a, 2b in 
addition to suction-side side wall contouring 18 in the form of 
an impression and pressure-side shape variation 16 in the 
form of a thickened area. 
0034. In contrast to the first exemplary embodiment 
according to FIG.1. Suction-side impression 18 begins down 
stream from leading edge 10b of second blade 2b. The deepest 
section of the Suction-side impression, situated at a distance 
from Suction side 8, has a large area and in particular is 
arc-shaped. 
0035. Pressure-side thickened area 16 in the second exem 
plary embodiment has the same design as pressure-side thick 
ened area 16 in the first exemplary embodiment according to 
FIGS. 1, 2a, and 2b. 
0036) Second side wall contouring 22 is a suction-side 
projection. The second side wall contouring is graphically 
depicted by height contour lines 24, its highest section being 
provided with a plus sign. The highest section of the second 
side wall contouring is situated at a distance from Suction side 
8, and is thus a hill. In the second exemplary embodiment 
shown, the hill is slightly cone-shaped in the top view. Suc 
tion-side projection 22 is separated at a distance from Suction 
side impression 18 via a non-contoured or contour-free side 
wall section 26, and ends approximately at the same axial 
position as trailing edges 12a, 12b of blades 2a, 2b, respec 
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tively. The highest section of the Suction-side projection, 
indicated by a plus sign, is preferably situated essentially 
upstream from the axial position of trailing edges 12a, 12b. 
The highest section preferably has an oval plateau Surface 
aca. 

0037. In the third exemplary embodiment of blade cascade 
1 according to the present invention shown in FIG. 4, at least 
one inner side wall 14 is provided with a circumferentially 
asymmetrical pressure-side side wall contouring 18 and with 
an oppositely situated Suction-side shape variation 16 of 
blade 2b in a blade channel 4 between two blades 2a, 2b. 
0038 Side wall contouring 18 is graphically depicted by 
height contour lines 24. The maximum or highest section of 
the side wall contouring, indicated by a plus sign, is situated 
at a distance from pressure side 6 in the peripheral direction, 
and thus is designed as a hill. The side wall contouring begins 
upstream from leading edge 10a, and extends to approxi 
mately 50% of the axial width of blade 2a. The highest 
section preferably has a circular plateau Surface area. 
0039 Shape variation 16 is an abrasion which is intro 
duced into suction side 8 and which extends downstream 
from leading edge 10b in an area of approximately 10% to 
75% of an axial blade width. Abrasion 16 preferably has a 
radial extension of up to approximately 15% of a blade chan 
nel height, measured from side wall 14. As indicated by the 
dashed line, the abrasion has a profile-like curve and is 
formed on suction side 8, near side wall 14. Due to its exten 
sion into blade channel 4, the abrasion causes an enlargement 
in the channel cross section in the area near the side wall. 

0040. As shown in FIG. 5a, abrasion 16 has a triangular 
cross section in one exemplary embodiment. The greatest 
extension of the abrasion is into suction side 8 or into blade 2b 
directly at side wall 14. In the radial direction of blade cascade 
1 or of the turbomachine, the cross-sectional area of abrasion 
16 is linearly reduced, and then gradually merges into an 
original pressure side curve 21 of blade 2b outside the side 
wall area. 

0041 FIG.5b shows one exemplary embodiment in which 
abrasion 16 extends perpendicularly with respect to side wall 
14, and via a curved section having one inflection point, for 
example, merges into unchanged pressure side curve 21 of 
blade 2b outside the side wall area. 

0042. In the fourth exemplary embodiment of blade cas 
cade 1 according to the present invention shown in FIG. 6, in 
contrast to the third exemplary embodiment according to 
FIG. 4 a second side wall contouring 22 is provided in a blade 
channel 4 between two blades 2a, 2b in addition to pressure 
side side wall contouring 18 in the form of a projection and 
Suction-side shape variation 16 in the form of an abrasion. 
Pressure-side side wall contouring 18 and Suction-side shape 
variation 16 have the same design as in the third exemplary 
embodiment according to FIGS. 4,5a, and 5b, so that detailed 
individual considerations of pressure-side side wall contour 
ing 18 and of Suction-side shape variation 16 are dispensed 
with to avoid repetitions. 
0043. Second side wall contouring 22 is an impression on 
the pressure side, and is graphically depicted by depth con 
tour lines 20. The deepest section of the second side wall 
contouring, indicated by a minus sign, is situated at a distance 
from suction side 8 and is oval, for example. The second side 
wall contouring is preferably separated from projection 18 by 
a contour-free side wall section 26, and ends axially upstream 
from trailing edge 12a of blade 2a. 
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0044 FIG.7 shows one exemplary embodiment of a blade 
cascade 1 according to the present invention, having a plural 
ity of blade channels 4 whose adjacent blades 2a, 2b have a 
shape variation 16a, 16b, respectively. Shape variation 16a of 
the one blade 2a has a design in the side wall area correspond 
ing to shape variation 16 according to FIGS. 1, 2a, 2b, and 3. 
Shape variation 16b of the other blade 2b has a design in the 
side wall area corresponding to shape variation 16 according 
to FIGS. 4,5a, 5b, and 6. 
0045. The one shape variation 16a is a thickened area of 
pressure side 6 of blade 2a, and extends downstream from 
leading edge 10a to approximately 50% of the axial width of 
blade 2a. Thickened area 16a preferably has a radial exten 
sion of up to approximately 15% of a blade channel height. As 
indicated by the dashed line, the thickened area has a profile 
like curve and is formed on pressure side 6, near inner side 
wall 14. Due to its extension into the blade channel, the 
thickened area causes a reduction in the channel cross section 
in the area near the side wall. 
0046. The other shape variation 16b is an abrasion or 
cutout of suction side 8 of blade 2b, and extends downstream 
from leading edge 10b in an area of approximately 10% to 
75% of the axial blade width. Abrasion 16b preferably has a 
radial extension of up to approximately 15% of a blade chan 
nel height. As indicated by the dashed line, the abrasion has a 
profile-like curve and is formed on suction side 8, near side 
wall 14. Due to its extension into blade channel 4, the thick 
ened area causes a reduction in the channel cross section in 
the area near the side wall, i.e. at the side wall. 
0047. It is noted that shape variations 16, 16a, 16b of the 
blade profile, i.e., the respective specific configuration of 
pressure side 6 or of suction side 8, relate(s) to designs with 
and also without a fillet in all exemplary embodiments in the 
side wall area. 
0048. A blade cascade of a turbomachine having at least 
one shape variation of a blade situated on the blade side in the 
proximity of a side wall and extending downstream, and at 
least one side wall contouring of the side wall or at least one 
second shape variation of an adjacent blade near the side wall, 
as well as a turbomachine, are disclosed. 

LIST OF REFERENCE NUMERALS 

0049. 1 blade cascade 
0050 2a, b blade 
0051 4 blade channel 
0052 6 pressure side 
0053 8 suction side 
0054) 10a, b leading edge 
0055 12a, b trailing edge 
0056 14 inner side wall 
0057 16, 16a, 16b shape variation 
0058. 18 side wall contouring 
0059 20 depth contour line 
0060 21 unchanged lateral curve 
0061 22 side wall contouring 
0062 24 height contour line 
0063. 26 contour-free side wall section 
0064. 114 outer side wall 
0065 x axial direction 
What is claimed is: 
1. A blade cascade of a turbomachine, the blade cascade 

comprising: 
a plurality of blade channels in a peripheral direction 

delimited in each case by a pressure side of a blade and 
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by an oppositely situated suction side of an adjacent 
blade, and in a radial direction delimited in each case by 
two oppositely situated side walls, 

at least one side wall of the blade channels in each case 
having at least one circumferentially asymmetrical side 
wall contouring in an area of one of the blade and the 
adjacent blade, the other of the blade and the adjacent 
blade in a pressure side or suction side area facing the 
side wall contouring having at least one shape variation 
extending downstream, at the side wall. 

2. The blade cascade as recited inclaim 1 wherein the shape 
variation is a thickened area of the pressure side, and the at 
least one side wall contouring is an impression on the suction 
side. 

3. The blade cascade as recited inclaim 2 wherein the shape 
Variation extends downstream from a leading edge on the 
pressure side, and the side wall contouring begins upstream 
from a leading edge on the Suction side. 

4. The blade cascade as recited in claim 2 wherein a further 
side wall contouring in the form of a suction-side projection 
is situated downstream from the side wall contouring. 

5. The blade cascade as recited inclaim 1 wherein the shape 
Variation is an abrasion or cutout of the suction side, and the 
at least one side wall contouring is a projection on the pres 
Sure side. 
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6. The blade cascade as recited in claim 5 wherein the shape 
Variation begins downstream from a leading edge on the 
Suction side, and the side wall contouring begins upstream 
from a leading edge on the pressure side. 

7. The blade cascade as recited in claim 5 wherein a further 
side wall contouring in the form of a pressure-side impression 
is situated downstream from the side wall contouring. 

8. A turbomachine comprising the blade cascade as recited 
in claim 1. 

9. A blade cascade of a turbomachine, the blade cascade 
comprising: 

a plurality of blade channels in a peripheral direction 
delimited in each case by a pressure side of a blade and 
by an oppositely situated suction side of an adjacent 
blade, and in radial direction are in each case by two 
oppositely situated side walls, the pressure side and the 
oppositely situated suction side each having at least one 
shape variation extending downstream, at at least one of 
the side walls. 

10. The blade cascade as recited in claim 9 wherein the 
pressure-side shape variation is a thickened area and the suc 
tion-side shape variation is an abrasion or cutout. 

11. A turbomachine comprising the blade cascade as 
recited in claim 9. 


