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(57) ABSTRACT 
An impingement ?oW for Wall parts (3) is distinguished by 
a plurality of impingement ori?ces (2) Which are arranged 
areally in a plane or curved carrier (1), the carrier being 
arranged at a distance from the Wall part, and the impinge 
ment surface, to be cooled, of the Wall part (3) being 
designed as a relief. That side of the Wall part (3) Which faces 
the impingement jet is provided With a number of troughs (4) 
arranged neXt to one another, at least one impingement jet 
per trough (4) being provided. That side of the Wall part (3) 
Which is remote from the impingement jet is of at least 
roughly plane design. The troughs (4) have the shape of a 
circle segment or of a base area related thereto. 
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WALL PART ACTED UPON BY AN IMPINGEMENT 
FLOW 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to an impingement ?oW for 
Wall parts according to the preamble of patent claim 1. 

[0003] Among the convective cooling and heating meth 
ods, the highest heat transmission coefficients can be 
achieved With impingement cooling and impingement heat 
ing respectively. The impingement ?oW is realiZed by virtue 
of the fact that a cooling or heating ?uid (e.g. air, Water, 
steam, hydrogen, liquid sodium, etc) ?oWs through one or 
more ori?ces in a Wall and strikes an opposite surface more 
or less perpendicularly. When striking the impingement 
area, the free jets are de?ected and a ?oW forms parallel to 
the impingement area, as a result of Which high heat 
transmission is achieved betWeen ?oW and Wall. To enlarge 
the heat-transmitting area, it is knoWn to provide this area 
With roughness elements, mostly in the form of ribs. 

[0004] 2. Discussion of Background 

[0005] DE-Al 44 30 302 discloses impingement cooling 
of the type mentioned at the beginning. The method shoWn 
in said document is distinguished by a plurality of impinge 
ment tubes Which are arranged areally With their inlet on a 
plane or curved carrier and are directed With their mouth 
toWard the Wall part to be cooled, the carrier being arranged 
at a distance from the Wall part. In one exemplary embodi 
ment (FIG. 3), the impingement area of the Wall part to be 
cooled is designed as a relief, in Which case the jets directly 
strike projecting humps. Thus, the inhomogeneous heat 
transmission in the impingement jets is to be compensated 
for and a homogeneous temperature distribution on the hot 
side of the Wall part is to be achieved. In this arrangement, 
the humps are designed essentially as cylinders having 
rounded-off edges, Which are brought about during manu 
facture. In a further exemplary embodiment (FIG. 4), the 
relief is present in the form of ribs. Both geometrical forms 
have no advantageous thermal boundary conditions in rela 
tion to the heat transmission. The heat, Which can be 
dissipated via the surface of an element projecting from the 
Wall to be cooled, must ?rst of all be directed through the 
base area and the material to the surface. As a result, a 
thermal strati?cation occurs in the material of the element. 
Depending on material and geometrical form, this thermal 
strati?cation may result in the temperature difference 
betWeen ?uid and element becoming so small at the points 
furthest aWay from the base of the element that virtually no 
more heat transmission takes place. 

[0006] Furthermore, extensive investigations relating to 
local heat transmission coefficients of individual impinge 
ment jets and Zones of impingement jets on plane surfaces 
as Well as on surfaces having simple curvature are knoWn. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, one object of the invention is to 
provide a novel impingement arrangement in Which the 
roughness elements are optimiZed With regard to the manu 
facturing process and the thermal ef?ciency. Based on the 
above-mentioned knoWn relief structures, both the geometri 
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cal form and its siZe and arragement relative to the free jets 
are to be taken into account for this purpose. 

[0008] According to the invention, this is achieved in an 
impingement arrangement of the type mentioned at the 
beginning by the de?ning features of patent claim 1. Favor 
able developments of the invention folloW from the sub 
claims. 

[0009] In the ?eld of turbomachines, from investigations 
relating to the cooling of curved blade leading edges, it is 
certainly knoWn per se to design that side of the Wall part 
Which faces the impingement jet as a trough, an impinge 
ment jet striking the trough base perpendicularly. HoWever, 
these knoWn Wall parts have a uniform Wall thickness, so 
that ultimately the same principle is involved as the 
impingement cooling of a Wall having plane surfaces on 
both sides. 

[0010] The advantages of the novel measure may be seen, 
inter alia, in the fact that, as a result of the virtually 
isothermal surface, a high pin effectiveness is achieved and 
that there is also a high heat transmission at the areas Which 
are not directed parallel to the Wall to be acted upon by the 
impingement jets. In addition, simple and inexpensive pro 
duction can be expected on account of the lack of sharp 
edges and small radii. The geometrical form is easy to 
produce and thus can readily be cast; it is tolerant of defects 
and permits large dimensional tolerances. As a result of the 
symmetry of the troughs, their arrangement does not depend 
on the incident ?oW by the de?ected impingement medium. 
Finally, the novel troughs also result in loW pressure losses. 

[0011] In addition, the Webs betWeen the troughs may be 
provided With spacers to the jet-producing plate or, depend 
ing on the design of this plate, may even be used directly as 
spacers if the plate rests on the Webs. 

[0012] Finally, in addition to optimiZation of the thermal 
properties, the mechanical properties of the Wall to be cooled 
are also improved by the novel measure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein: 

[0014] FIG. 1 shoWs a longitudinal section through an 
impingement-?oW arrangement; 

[0015] FIGS. 2a-c shoW various geometrical forms of 
troughs; 

[0016] FIG. 3 shoWs a quadruple arrangement of troughs; 

[0017] FIG. 4 shoWs a nested sextuple arrangement of 
troughs; 

[0018] FIG. 5 shoWs a variant of the quadruple arrange 
ment according to FIG. 3; 

[0019] FIG. 6 shoWs a variant of the sextuple arrangement 
according to FIG. 4; 

[0020] 
blade; 

FIG. 7 shoWs an impingement-cooled gas-turbine 
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[0021] FIG. 8 shows an exemplary embodiment With 
impingement tubes instead of impingement ori?ces; 

[0022] FIG. 9 shoWs an exemplary embodiment With 
structured carrier. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Referring noW to the draWings, Wherein like ref 
erence numerals designate identical or corresponding parts 
throughout the several vieWs, only the elements essential for 
the understanding of the invention are shoWn, and the 
direction of How of the media is designated by arroWs, the 
impingement How is designated beloW as impingement 
cooling, as can be used, for example, for cooling hot 
turbomachine components around Which a How occurs, such 
as gas-turbine blades or combustion-chamber Walls. 

[0024] The Wall part to be cooled, for example, by means 
of cooling air 5 is designated by 3 in FIG. 1. This Wall 3 is 
a plane Wall around Which a hot medium, designated by the 
arroWs 6, ?oWs on the outside. The cooling-air-side carrier 
1 is also of corresponding plane design. In the case shoWn, 
it is fastened to the Wall 3 at a uniform distance 20 by 
suitable means (not shoWn). The carrier has a plurality of 
impingement ori?ces 2 and may be conceived as a simple 
perforated plate. 
[0025] On the inside, the Wall 3 to be cooled is provided 
With a number of troughs 4 arranged next to one another. In 
the example, these troughs are in the form of spherical cups. 
The distance betWeen the troughs is selected in such a Way 
that a narroW Web 7 is obtained betWeen the adjacent trough 
Walls. Compared With a plane design, the spherical-cup 
shaped con?guration of the Wall to be cooled results in a 
considerable increase in the heat-transmitting area and thus 
in the heat ?oW. 

[0026] In the example, that side of the Wall part 3 Which 
is remote from the impingement jet is of plane design. It 
goes Without saying that this side remote from the impinge 
ment jet may just as easily be provided With a curvature, 
although the radius of curvature should then be very much 
larger than that of the spherical cup. 

[0027] The Wall part to be cooled is preferably cast in one 
piece together With the troughs. Irrespective of the manu 
facturing process, a structure of high strength is obtained. 
The structured area acted upon by the impingement jets—in 
relation to the basic thickness a of the Wall 3—contributes 
considerably to the rigity of the entire system. On the one 
hand, this may lead to an advantageous reduction in the 
basic Wall thickness a, if as loW a mass of the system as 
possible is required. Or else, on the other hand, the ?uid 
temperature on the hot side may be increased accordingly 
While maintaining the basic thickness a and a constant 
mechanical stress. Finally, While the basic thickness a and 
the temperature of the hot ?uid are maintained, prolongation 
of the durability of the system can be expected due to the 
novel measure. 

[0028] An impingement jet is provided for each trough, 
this impingement jet, Which discharges from the impinge 
ment ori?ce 2, normally striking the trough base at least 
approximately perpendicularly. When it strikes, the 
impingement jet is de?ected onto the remaining impinge 
ment area, ie the Walls of the trough. The cooling medium, 
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Which is heated When ?oWing around the spherical cup, then 
?oWs off into the free space betWeen carrier and Wall part, 
the cross ?oW Which occurs also helping to cool the Webs 7. 

[0029] Various further possible geometrical forms of 
troughs are explained in FIG. 2. Since the elements are of 
symmetrical construction, only one trough half is shoWn in 
each case. 

[0030] Instead of the spherical cup according to FIG. 1, 
for the generation of Which a circle is rotated about its 
diameter, FIG. 2a shoWs an ellipse shape. As in the case of 
the spherical cup, this shape is also generated by rotation of 
the corresponding segment about the axis U. 

[0031] FIG. 2b shoWs a shape Which is approximated to a 
shortened cycloid and has been generated by rotation of the 
corresponding segment about an axis U offset in parallel 
from the impingement-jet axis. It goes Without saying that, 
in the case of this shape, the impingement jet must strike the 
in?ection point exactly for full effectiveness. 

[0032] Finally, FIG. 2c shoWs a trapeZoidal trough Which 
has a plane base and Whose Walls may be made straight or 
curved (as shoWn). 
[0033] Irrespective of the trough geometry selected, a 
honeycombed structure is obtained in combination, to the 
individual elements of Which a free jet is assigned in each 
case. The latter is positioned in such a Way that its core, 
under the given boundary conditions—inter alia the cross 
How of the out?oWing cooling medium of adjacent ele 
ments—produces a stagnation point in the loWer base region 
of the troughs. In this case, the axial position of the free jet 
can deviate from the rotation axis of the solid of rotation. 

[0034] The geometry to be selected in each case is to 
in?uence the heat How in such a Way that the surface 
temperature decreases only marginally With increasing dis 
tance from the base and thus a virtually constant heat How 
can ?oW through the entire surface. 

[0035] Since an adequate temperature difference is 
ensured everyWhere as a result of this geometry, the entire 
surface can transmit heat. In addition, the heat transmission 
coef?cient on the surface is roughly equal to that Which 
Would prevail on the base area Without the trough. This in 
turn is in contrast to the knoWn elements having areas 
running perpendicularly to the Wall, in Which elements a 
considerably reduced heat transmission coef?cient is to be 
expected. 
[0036] On account of the novel geometry of the troughs, 
a plurality of different arrangements are noW possible and 
are to be selected With a vieW to the desired heat transmis 
sion and/or the tolerable pressure losses. 

[0037] In relation to the cross How in the region of the 
base, tWo arrangements can be differentiated in principle. 

[0038] The impingement ori?ces 2 and the troughs 4, in 
combination, may either be arranged in a roW according to 
FIG. 3 or they may staggered relative to one another, for 
example by half a spacing according to FIG. 4. This results 
in arrangements Which are either square or hexagonal, as the 
broken lines in FIGS. 3 and 4 respectively shoW. 

[0039] The troughs 4 are preferably arranged at the inter 
sections of these broken lines. As FIG. 3 shoWs, in the 
arrangement in a roW, troughs Which are directly adjacent 
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are arranged Without intermediate spaces, i.e. Without Webs. 
Nonetheless, relatively large Webs 7 are formed in this 
embodiment in the center of in each case four troughs. 
Spacers to the carrier may be provided on these Webs, in 
Which case these spacers may also be cast integrally With the 
Wall 3. 

[0040] In the staggered arrangement according to FIG. 4, 
six symmetrical elements are nested one inside the other 
With a juxtaposed sextuple arrangement. Here, it can be seen 
that, given the same trough siZe, the surface is enlarged 
compared With the arrangement according to FIG. 3 in so far 
as the Webs, noW formed betWeen three troughs each, 
assume considerably smaller dimensions. 

[0041] The arrangement according to FIG. 5 corresponds 
in its geometry to that of FIG. 3. The siZe of and the mutual 
distance betWeen the impingement ori?ces 2 are selected to 
be the same. On the other hand, the diameter D of the 
troughs has been increased, Which leads to the intersecting 
of adjacent troughs and to smaller Webs 7. This solution can 
have production-related advantages and, depending on the 
choice of diameter, can lead to shalloWer troughs. 

[0042] The arrangement according to FIG. 6 corresponds 
in its geometry to that of FIG. 4. The siZe of and the mutual 
distance betWeen the impingement ori?ces 2 are again 
selected to be the same. On the other hand, the diameter D 
of the troughs has been increased, Which leads to the 
intersecting of adjacent troughs and to extremely small 
Webs. It Will be seen here that, from a certain trough 
diameter, no more Webs at all are formed. 

[0043] In FIG. 7, a gas-turbine blade 16 is shoWn as an 
example of a component to be cooled. The carriers With the 
impingement ori?ces 2 are conceived as more or less tubular 
inserts 17A, 17B and 17C and are arranged in the holloW 
interior of the blade. These inserts as Well as the blade Wall 
provided With the troughs 4 may be designed as a casting. 
They may likeWise be designed as a pressure-bearing struc 
ture for internal pressures, Which may be up to tWice the 
pressure prevailing in the actual impingement Zone. 

[0044] In the case of a guide blade, the in?oW of the 
cooling medium into the inserts takes place as a rule from 
the blade root toWard the blade tip. The impingement 
ori?ces 2 and the troughs 4 are staggered over the blade 
height and the blade circumference at the requisite distance 
apart. How may occur through the inserts 17A-C individu 
ally or in series. 

[0045] The gaseous or vaporous cooling medium may be 
circulated in closed circuit in the plurality of inserts, i.e. it 
is draWn off again via the blade root after cooling has been 
carried out. HoWever, the cooling medium ?oWing off from 
the cooled Wall parts may discharge from the blade into the 
How duct. This preferably takes place at that point of the 
blade at Which the loWest external pressure prevails. As a 
rule, therefore, the cooling medium Will be made to dis 
charge at the trailing edge 18 of the blade. 

[0046] FIG. 8 shoWs an exemplary embodiment in Which 
the carrier is likeWise sheetlike and is provided With a 
multiplicity of impingement tubes 21, Which are equidistant 
here and are arranged in roWs. Their inlet 22 corresponds to 
an impingement ori?ce and is ?ush With the carrier surface. 
The impingement tubes have a conical internal passage 
narroWing constantly in the direction of ?oW. The narroWest 

May 30, 2002 

cross section of the impingement tubes thus lies at the mouth 
23. The impingement tubes are directed With their mouth 23 
perpendicularly toWard the Wall part to be cooled. The 
mouth is located at the impingement distance 25 from the 
Wall. In the example, the ratio of this impingement distance 
to the narroWest diameter of the impingement tubes is about 
1. It can be seen that the cooling air, de?ected after the 
impingement, can ?oW off into the free intermediate spaces 
27 betWeen the impingement tubes Without disturbing adja 
cent impingement jets in the process. The closed dimension 
of the intermediate space is given by the length of the 
impingement tubes When the latter are oriented perpendicu 
larly. In contrast to the cooling-air jets Which are produced 
via a perforated plate, this solution offers the advantage that 
the ratio of jet distance to jet diameter may be formed freely, 
and this ratio may quite easily extend over a range of 0.1 to 
4. 

[0047] The troughs have hitherto alWays been considered 
to be rotationally symmetrical bodies Which have been 
generated by rotation of the corresponding section through 
360°. In contrast, it is of course also possible to design the 
troughs in a channel shape, although the surface enlargement 
turns out to be someWhat smaller than With rotationally 
symmetrical troughs. To produce a channel, the correspond 
ing section is not rotated about an axis U but is displaced 
along a preferably straight axis U. In this Way, longitudinal 
channels having a circular, elliptical or trapeZoidal shape are 
obtained at the area to be cooled. In this con?guration, the 
stabiliZing effect of the surface-enlarging structure occurs in 
a de?ned direction. In this solution, the impingement jets are 
likeWise to strike the base of the channel. A certain number 
of impingement jets in the longitudinal extent of the channel 
Will be provided here, in Which case, according to the 
requisite cooling capacity, attention is to be paid to the 
impingement-jet spacing to be selected. In this case, it has 
been found that a defective arrangement, for example related 
to production, of the impingement jets has only a marginal 
effect on the effectiveness of the entire system. 

[0048] As already mentioned above, the simplest case for 
the carrier 1 is a plane perforated plate. According to FIG. 
9, hoWever, a perforated plate having spherical-cup-like 
depressions 26 may also be used. The depressions in each 
case contain the impingement ori?ces 2, and it can be seen 
that this solution provides a simple means of in?uencing the 
impingement distance 25. In the event of the troughs being 
designed in a channel shape, it is advisable to also con?gure 
the depressions 26 as channels. The latter need not neces 
sarily run in the same direction as the troughs. They may run 
at any angle betWeen 0° and 90° to the trough direction or 
to the direction of the cooling How 5. The intermediate 
spaces 27 present betWeen the depressions may thereby be 
utiliZed for the speci?c discharge of the cooling medium. In 
addition, the different direction offers the possibility of 
supporting the channel-shaped depression 26 directly on the 
Webs 7 of the trough (not shoWn). 

[0049] The invention is of course not restricted to the 
examples shoWn and described. It goes Without saying that, 
depending on requirements, the number and spacing of the 
impingement ori?ces 2 or impingement tubes 21 as Well as 
the length and shape of the latter can be optimiZed from case 
to case. The invention also sets no limits to the selection of 
the cooling medium, to its pressure and to its further use 
after the cooling activity. 
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[0050] Finally, the person skilled in the art Will recognize 
that the invention can be used not only for the purpose of 
cooling Wall parts of machines, apparatus or plants in 
general but can just as easily be used for heating them. 
Examples for such a use of the heating of surface areas are 
the drying of paper, the melting and bonding of plastics, the 
deicing of aircraft Wings, etc. 

[0051] Obviously, numerous modi?cations and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that, Within the 
scope of the appended claims, the invention may be prac 
ticed otherWise than as speci?cally described herein. 

What is claimed as neW and desired to be secured by Letters 
Patent of the United States is: 
1. An impingement ?oW for a Wall part (3), in Which a 

plurality of impingement ori?ces (2) are arranged areally in 
a plane or curved carrier (1), the carrier being arranged at a 
distance from the Wall part, and the impingement area, to be 
cooled or heated, of the Wall part (3) being designed as a 
relief, Wherein 

that side of the Wall part (3) Which faces the impingement 
jet is provided With a number of troughs (4) arranged 
neXt to one another, at least one impingement jet per 
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trough (4) being provided, Which impingement jet 
strikes the trough base at least approximately perpen 
dicularly, and 

that side of the Wall part (3) Which is remote from the 
impingement jet is of at least roughly plane design. 

2. The impingement ?oW as claimed in claim 1, Wherein 
the trough (4) has the shape of a circle segment or of a base 
area related thereto. 

3. The impingement ?oW as claimed in claim 2, Wherein 
the trough is of rotationally symmetrical or longitudially 
eXtended design. 

4. The impingement ?oW as claimed in claim 1, Wherein 
the Wall part (3) is connected indirectly or directly to the 
carrier (1) via Webs (7) formed betWeen the troughs 

5. The impingement ?oW as claimed in claim 1, Wherein 
the Wall part (3) to be cooled or heated is made together With 
the troughs (4) as a casting. 

6. The impingement ?oW as claimed in claim 1, Wherein 
the impingement ori?ces (2) form the inlet (2) of impinge 
ment tubes (21), the mouth (23) of Which is directed toWard 
the Wall part (3) to be cooled or heated. 

* * * * * 


