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57 ABSTRACT 

The body of the blade is provided with a first coolant 
flow path at the front of the blade and a second tortu 
ous coolant flow path behind the first flow path. Both 
flow paths terminate at the trailing edge of the blade. 
The first path is subjected to a low pressure drop and 
with a narrow cross-section allows the collant to flow 
through at high velocity to obtain a rapid heat trans 
fer. The second path is also subjected to a low pres 
sure drop, but with a larger cross-section in the middle 
part of the blade body and restrictors at the trailing 
edge, also allows discharge at high velocity. 

8 Claims, 4 Drawing Figures 
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1. 

COOLED GUIDE BLADE FOR A GASTURBINE 

This invention relates to a cooled guide blade for a 
gas turbine. 
Generally, in order to achieve cooling of the gas 

blades, both guide blades and rotor blades, in an oper 
ating turbine, two contradictory conditions must be ba 
sically satisfied. First, good cooling requires high coef 
ficients of heat transmission which, in turn, involve 
high flow velocities and relatively high pressure losses. 
Second, the amount of cooling air required by each 
blade should be as small as possible because the cooling 
air branched off, for example, from a compressor rep 
resents a loss in a certain sense and results in a deterio 
ration of the efficiency of the entire process. Moreover, 
in practice it frequently occurs that the pressure gradi 
ent available between the cooling air entry into the 
blade and the cooling air exit from the blade is rela 
tively low. Thus, the required velocities cannot be ob 
tained or, if obtained because a high consumption of 
cooling air can be tolerated, is done only with diffi 
culty. 

In order to overcome these basic problems, it has 
been known to provide constructions in which the cool 
ing air is passed once through the blade through a plu 
rality of ducts radially of the machine from the interior 
to the exterior. The required velocities can be easily 
obtained with this system but require relatively large 
quantities of air. Moreover, the cooling capacity of the 
air in this system is only very incompletely utilized. 

In other systems, one or more streams of cooling air 
are blown into the blade, generally through the blade 
root. The flows have then been branched and/or are re 
peatedly reversed before emerging from the blade 
through air exits which may be disposed in the blade 
front or tip and/or the blade root or in the trailing edge. 
If the flow ducts in these constructions are relatively 
narrow to achieve the necessary velocities, this will 
necessarily result in high pressure losses. This applies 
particularly to constructions in which the cooling air in 
the zone of the blade front or in the middle of the blade 
is fed into the blade root and is guided to the trailing 
edge after repeated reversals. In constructions in which 
the cooling air streams in the blade are branched 
through a perforated bulkhead, any defined distribu 
tion of branch flows can hardly be achieved, for exam 
ple, because of uneven bulkhead perforations. Thus, in 
some circumstances, either specific parts receive only 
insufficient cooling or unnecessarily large quantities of 
cooling air are required. 
Accordingly, it is an object of the invention to 

achieve optimum cooling of guide blades with a rela 
tively low consumption of cooling air and a relatively 
low available pressure gradient. 

It is another object of the invention to obtain high co 
efficients of heat transfer and intensive cooling actions 
in a guide blade of a gas turbine. 

It is another object of the invention to provide a sim 
ple technique for cooling gas turbine blades. 

It is another object of the invention to provide a 
guide blade for a gas turbine of relatively precise con 
struction which can be easily and effectively cooled. 

Briefly, the invention provides a guide blade for a gas 
turbine comprising a blade body having a blade front 
and a trailing edge with two separate flow paths in 
which a coolant flow is reversed at least once for cool 
ing different portions of the blade. To this end, a first 
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2 
means defines a first flow path in the body immediately 
downstream of and parallel to the blade front. This first 
flow path includes at least two parallel portions to re 
verse the flow of coolant at least once and terminates 
in a first exit in or near to the trailing edge of the blade. 
In addition, a second means defines a second flow path 
in the body which includes at least two parallel portions 
to reverse a second flow of coolant at least once and 
also terminates in a second exit in or near to the trailing 
edge of the blade. Both flow paths emanate from a 
common pressure chamber in the blade body which is 
adapted to receive a supply of coolant, such as air while 
only the first flow path passes through a second pres 
sure chamber on the opposite side of the body. 
The respective pressure chambers can be defined in 

part by blade coverings or boundary jackets which ex 
tend outwardly from the blade front. 
By contrast to previous constructions, the direct 

stream flowing in the longitudinal direction of the blade 
front not only cools the blade front because of its high 
velocity but is also utilized to absorb a substantial part 
of the heat on the trailing edge without the pressure 
losses becoming excessively high. This latter effect is 
due to the practically loss-free pressure chamber which 
is disposed between the blade front and air exit. It is 
also advantageous to proportion the blade height of the 
two air exits, given an at least approximately constant 
exit cross-section, so that the ratio of the relative pro 
portions of blade height for the two air exits vary at 
least approximately relative to each other as the mount 
of air in the two flow paths. 
By completely separating the two flow paths, a de 

fined distribution of the cooling air flow rate over the 
two part flows is obtainable. This dispenses with the 
need to make unnecessarily large quantities of cooling 
air available to compensate for a fluctuating distribu 
tion over both flows. In constructional terms, defined 
distribution over the part flows may be achieved in 
known manner by the use of suitable restrictors in the 
air exits. Such restrictors may be varied to a certain ex 
tent and may be individually adjusted on the basis of 
tests in order to vary the distribution over a small range 
and, for example, to compensate for manufacturing in 
accuracies. 
The second flow path may be advantageously con 

structed to extend parallel to the first flow path with at 
least two reversals through 180 and to be practically 
free of pressure losses as far as the second reversal. The 
portions of the body which define this second flow path 
may also be provided with boundary walls on which fins 
are provided at least over a portion of the walls to 
project into the flow path. The purpose of this is to in 
crease the cooled surface in the low-pressure loss zone 
of low flow velocity and thus to improve cooling 
thereat. 

It is generally known that because of their higher me 
chanical strength, more particularly of the higher high 
temperature strength, their materials and simpler 
method of production, or in the absence of the need for 
finish-machining, cast blades are preferred over forged 
and welded blades, The novel blade is therefore advan 
tageously constructed so that the blade together with 
the blade coverings or boundary jackets of the pressure 
chambers is a precision casting. This casting can then 
be provided with a separating plate, as an insert, which 
is mounted in the casting in gas-tight manner, for exam 
ple by welding, to separate the two flow paths from 
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each other as well as with two cover plates which en 
close the pressure chambers against the ambient zone. 

If a plurality of individual blades are combined in 
known manner into a blade segment, the construction 
enables the entire blade segments, that is the blades of 
the segment and the jacket boundaries of the common 
external and internal pressure chambers to be inte 
grally cast while a separate separating plate is provided 
for each blade and cover plates are provided which are 
common to the entire segment. 
These and other objects and advantages of the inven 

tion will become more apparent from the following de 
tailed description and appended claims taken in con 
junction with the accompanying drawings in which: 

FIG. 1 illustrates a longitudinal sectional view taken 
along line I-I of FIG. 2 of a guide blade according to 
the invention; 
FIG. 2 illustrates a sectional view taken on line II-II 

of FIG. 1; and 
FIGS. 3 and 4 each illustrates in the same manner as 

in FIG. 2 a detail of the trailing edge of a blade accord 
ing to FIG. 1 but of different construction. 
Referring to FIG. 1, the guide blade to which hot 

gases flow from the left (arrow A) as viewed, through 
a flow duct 2 from one or more combustion chambers 
(not shown) is retained in a guide blade support 3 
within a gas turbine (not shown). The hot gas duct 2 is 
defined in the upstream direction by different parts of 
a hot gas casing 4 in which flow paths 5, 6 are provided 
for cooling the blade from the outside. These flow 
paths are adapted to conduct a coolant such as cooling 
air from an air receiver (not shown) which surrounds 
the guide blade support 3 along the inner and outer 
boundaries of the duct 2. The cooling air flow paths 5, 
6 also cool the parts 4a of the hot gas casing 4 of high 
temperature resistant materials and separate these 
parts 4a from another part 4b of the casing 4 which is 
not directly subjected to the hot gases or from the guide 
blade support 3. Both of these latter parts 4b, 3 are con 
structed of ferritic material having a lower high 
temperature strength. Downstream of the illustrated 
guide blade, the guide blade support 3 is also protected 
against hot gases by a filler ring segment 9 which is also 
constructed of high-temperature resistant material. 
The cooling air for the blade first passes from the air 
receiver (not shown) through an aperture 10 in the 
blade support 3 into an intermediate chamber 11. The 
air then flows through an aperture 12 into a pressure 
chamber 13 which is disposed in an outer blade cover 
ing or boundary jacket 14. 
As shown, the blade body has a blade front 8 facing 

the duct 2 and a trailing edge 19 disposed downstream 
of the blade front 8. In addition, two flow paths are de 
fined by various means within the blade body. These 
flow paths serve to pass cooling air through the blade 
and extend from the pressure chamber 13. The first 
flow path leads into a second pressure chamber 16 
through a relatively narrow duct 15 disposed immedi 
ately downstream of the blade front 8. The second 
pressure chamber 16 is shown disposed in an inner 
blade covering or boundary jacket 17. Air which passes 
through the first path leaves the pressure chamber 16, 
through which the air flows practically without pres 
sure loss, and passes through an air exit 18 which ex 
tends over part of the blade height in the zone of the 
trailing edge 19. This air exit 18 may be disposed in the 
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4. 
trailing edge itself as shown in FIG. 2 or may be dis 
posed on the suction side (FIG. 3) or on the delivery 
side (FIG. 4) of the blade. 
The second flow path extends parallel to the first flow 

path and includes a relatively wide duct 20 in the blade 
body which is connected via a reversal chamber 21 in 
which the flow passes through a first reversal of 180° to 
a duct 22 which is also relatively wide and is disposed 
in the middle part of the blade. The duct 22 communi 
cates via a reversal chamber 23, of optimum construc 
tion for the flow because of the pressure loss, in which 
the flow passes through a further reversal of 180 to an 
air exit 24 which is also disposed in the zone of the trail 
ing edge 19. This exit 24 is separated by a bulkhead 26 
from the air exit 18 for the first flow path and fills the 
height of the blade 1 which is not covered by the exit . 
18. The air exit 24 may, of course, also be disposed in 
the trailing edge 19 itself or on the suction side or on 
the delivery side of the blade. In addition, the duct 22 
is provided with fins 25 over the height of the opposed 
boundary walls to increase the heat dissipating sur 
faces. w 

The relatively low available pressure gradient be 
tween the pressure chamber 13 and the first duct 2 in 
the zone of the trailing edge 19 of the blade in the first 
flow path allows a relatively high velocity to be ob 
tained in the arrow duct 15. This, therefore, allows a 
large coefficient of heat transfer and intensive cooling 
of the blade front 8 to be achieved. In a practical em 
bodiment, approximately half the pressure gradient is 
utilized in this way. After flowing through the pressure 
chamber 16 practically without loss, the remaining pos 
itive pressure relative to the duct 2 results in high ve 
locities in the air exit 18 and therefore in good cooling 
of part of the blade height in the zone of the trailing 
edge 19. 

In the second flow path, the air enters the reversal 
chamber 23 with relatively low velocities and practi 
cally without pressure losses, that is, with the exception 
of the two reversals through 180°. The entire available 
pressure gradient is thus utilized to achieve the most 
uniform possible discharge at high velocities and corre 
sponding good cooling of the trailing edge 19 over the 
remaining blade height in the zone of the air exit 24. 
The flow resistances, which may be altered to a cer 

tain extent by modification of the fins 30 which act as 
restrictors and guide surfaces in the air exits 18 and 24, 
may be experimentally matched to each other in both 
flow paths so that the available amount of cooling air 
is distributed over both paths in a ratio which is at least 
approximately constant. This ratio will then also define 
the relative height of the bulkhead 26 by means of 
which the entire blade height is subdivided over the two 
air exits 18 and 24 approximately in the ratio of the 
part quantities, if the exit cross-section is approxi 
mately constant over the entire height. 
By contrast to known constructions, subdivision of 

the amount of cooling air in an at least approximately 
constant ratio ensures reliable cooling of all blade parts 
in all cases with the lowest consumption of cooling air. 
Subdivision over two flow paths and loss-free flow over 
certain sections on these two paths provides high ve 
locities in the other parts of the flow path even if the 
available pressure gradients are low. Accordingly, high 
coefficients of heat transfer and intensive cooling ac 
tions are obtained in these ranges. In terms of manufac 
ture, the blade together with the coverings 14 and 17 
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can be made as a precision casting of a high 
temperature resistant cast alloy. After completion of 
the casting, a separating plate 27 is welded therein seal 
tight manner to separate the reversing chamber 21 
from the delivery chamber 16. Cover plates 28 and 29 
which are also subsequently welded in position in seal 
tight manner are provided to separate the delivery 
chambers 13, 16 from the ambient zone. 
Where the guide blades are constructed as blade seg 

ments in a guide blade ring with the blade segments 
comprising a plurality of blades, such can also be pro 
duced as a casting by the precision casting method. In 
this case, the separating plates 27 are then co-ordinated 
to the individual blades but the cover plates 28 and 29 
are common to the entire segment. 
What is claimed is: 
1. A cooled guide blade for a gas turbine comprising 

a blade body having a blade front and a trailing edge; 

a first pressure chamber in said body for receiving a 
supply of coolant; 

means defining a first flow path in said body immedi 
ately downstream of and parallel to said blade 
front, said flow path being in communication with 
said pressure chamber and including at least two 
parallel portions to reverse a flow of coolant there 
through at least once; 

a second pressure chamber in said body in communi 
cation with said flow path between said parallel 
portions on an opposite side of said blade body 
from said first pressure chamber; 

a first exit in said trailing edge communicating with 
said flow path for passage of a first coolant flow 
therethrough, said exit extending along a part of 
the length of said trailing edge; 

means defining a second flow path independent of 
said first flow path in said body extending from said 
first chamber, said second flow path having at least 
two parallel portions to reverse a second flow of 
coolant therethrough at least once; and 

a second exit at said trailing edge communicating 
with said second flow path for passage of the sec 
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ond coolant flow therethrough. 

2. A cooled guide blade as set forth in claim 1 which 
further comprises an outer cover plate over said first 
pressure chamber and an inner cover plate over said 
second pressure chamber. 

3. A cooled guide blade as set forth in claim 1 
wherein said second flow path is parallel to said first 
flow path and wherein said second flow path includes 
at least three parallel portions and a pair of reversal 
portions interconnecting said parallel portions in series . 
to deflect the second flow of coolant through consecu 
tive parallel portions by 180. 

4. A cooled guide blade as set forth in claim 3 
wherein the last of said parallel portions of said second 
flow path includes means for creating a pressure loss in 
the flow of coolant passing therethrough. 

5. A cooled guide blade as set forth in claim 1 
wherein said means defining said second flow path in 
cludes boundary walls and fins on at least a portion of 
said walls projecting into said second flow path, 

6. A cooled guide blade as set forth in claim 1 
wherein said exits each have a constant cross-sectional 
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exit opening and wherein said exits are of a length rela 
tive to each other in a ratio proportional to the amount 
of coolant flowing through each exit. 

7. A cooled guide blade as set forth in claim 1 
wherein said body further includes a first covering adja 
cent said blade front disposed to define a portion of 
said first pressure chamber and a second covering adja 
cent said blade front disposed to define a portion of 
said second pressure chamber. 

8. A cooled guide blade as set forth in claim 7 
wherein said body and said coverings form an integral 
one-piece precision casting and which further com 
prises a separating plate disposed in said body in seal 
tight manner between said flow paths, an outer cover 
plate disposed in said body in seal-tight manner over 
said first chamber and an inner cover plate disposed in 
said body in seal-tight manner over said second cham 
ber and opposite to said separating plate relative to said 
second chamber. 

k is k 
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