Gas turbine blade cooling



Turbine inlet temperature (°C)
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Exhaust temperature (°C)

Trend of exhaust temperature
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Pressure ratio at maximum power

30 -

25 A

T T T
o O o

(q\] — —

ones ainssaid wnwndo

0081
0SZI
004}
0991}
0091
0951
00G}
osvi
oovI
0sel
00€}
0gcl
00c}
0StLI
OOk}
0G0}
000}
096

006

0S8

008

09.

Turbine inlet temperature (K)



Trend of pressure ratio
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Material temperature (°C)

Trend of material temperature

1000 -

<o)

o

o
|

800

700

S 816

U 500

N 80 A

Improvements with

thermal barrier coating E j

Rene’ 77 GTD-111
(U 700)

Single
crystal
alloys
GTD-111
directional
solidification

M 252

1940

1950

1960 1970 1980 1990 2000 2010
Year



Trend of material temperature

Turbine entry temperature (°K)
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Temperature / C
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Desired trend of material temperature
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Figure 3-19. Examples of Typical Transpiration-Cooling Blades



Cooling effectiveness and efficiency
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Cooling effectiveness and efficiency

* Cooling effectiveness is defined as:

o (T,-T,)
(T; _Thg)
* Cooling efficiency is defined as:
(E,out - ];,in)

7/Icool = (Tm B 7—;,1.”)

 The heat load parameter or mass flow

function is defined as: . C,.
= P

A, h,




Film cooling effectiveness

* The film cooling effectiveness is defined as:

) (T = T,)
Wi (T.-T,)

Cc

 |f the film temperature is at the cooling air
temperature the effectiveness is 1. When the
film temperature is the same as the hot gas
temperature the effectiveness is 0.

* This parameter defines how much the film is

mixed with hot gas and changes along the
blade
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Fig. 1 Cooling concepts of a modern multipass turbine blade
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Figure 3-18. Turbine Nozzle Cooling



Suction

HP turbine blade
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Cooling air '
Single pass Multi-pass Coating

Thermal Barrnier




Interwoven
films

Tip fed rear
compartment
inc.root leakage

Trailing edge slot

Section through HP NGV

Front chamber double end Air passes
through holes

in impingement
plate cooling
the aerofoil

Double end
fed front
compartment

4 rows of
impingement
holes

Air exits through
trailing edge
:I'op up row of pedestal bank
impingement
holes

11 rows of
pedestals

HP NGV cooling
flows, showing

Single end feed impingement and
baffle plates



Fixed Vane

Cooling Air







Slalgel8le
cooling holes

The suction surface
is smooth for
greater efficiency

Cooling air exit holes
are only on the
pressure surface
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Major features of an HP turbine blade
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