
Gas	turbine	blade	cooling	
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Trend	of	exhaust	temperature	
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the tail, and a low specifi c fuel consumption to increase the load capacity 
of the aircraft for a given cruise range. All those features have required a 
signifi cant effort in improving all the components: higher loading of com-
pressors and turbines, more compact combustion chambers, higher pres-
sure ratios, and higher turbine inlet temperatures. Fundamental studies 
of fl uid dynamics of turbomachinery, of combustion, of high temperature 
materials, and the introduction of nozzles and turbines blade cooling, have 
made the current technology reach compressor and turbine effi ciencies 
well above 92%, a pressure ratio of axial compressor up to 30, and a tur-
bine inlet temperature of 1700 K. The marginal improvements of those 
parameters has become smaller and smaller, and even the turbine inlet 
temperature is reaching its limit, due to environmental regulations that 
prevent combustion temperatures exceeding 1800 K, in order to keep NO x  
emissions under control. 

 Therefore, the simple Joule–Brayton cycle is approaching its real limits, 
and only new concepts may further improve the performance of gas cycles. 
Several improvements to the Joule–Brayton cycles have been proposed 
over the years, but only few of them have been commercially developed 
for industrial and ship propulsion utilisation. Modifying the Joule–Brayton 
cycle means using additional components that are generally either heavy or 
bulky, or that use mixtures of air and water or steam. Most of the proposed 
changes improve either the effi ciency or the specifi c work, and only in a few 
cases both of them. Among the proposed solutions, the following will be 
described:
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 3.15      Pressure ratio for maximum power output vs TIT.  



Trend	of	pressure	ra9o	

 Fundamentals of gas turbine cycles 65

© Woodhead Publishing Limited, 2013

2600

2400

2200

2000

1800

Tu
rb

in
e 

en
tr

TT
y 

te
m

pe
ra

tu
re

 (
°K

)

Introduction
of blade cooling

1600

1400 Simple cooling

Sophisticated
cooling systems

Convection

Film
impingement
convection

Transpiration
and others

New
cooling
conceptPro

jec
ted

 tr
en

d

ne
w m

ate
ria

l

1200

1000
1950 1960 1970

YearYY

Uncooled turbines
Allowable metal temperature

1980 1990 2010

3.13      Evolution of TIT with cooling techniques. 3   
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3.14      Increase of compressor pressure ratio during the years. 3   
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 It is interesting to note that the optimal pressure ratio for maximum 
power output in the ideal cycle increases with turbine inlet temperature. 
This is the reason why the pressure ratio has grown during the years follow-
ing the trend of increasing turbine inlet temperature. The increase in turbine 
inlet temperature has been the main goal of gas turbine research since the 
beginning. 

 Improvements in metal resistance at high temperature may be seen in 
 Fig. 3.12 , where the maximum temperature blade and nozzles that materi-
als can withstand has grown from 700°C to almost 900°C over the last six 
decades. But nozzle and blade cooling has helped to allow much higher tur-
bine inlet temperatures while keeping the metal temperature at a safe level. 
 Figure 3.13  shows how cooling techniques have enabled reaching turbine 
inlet temperatures higher than 1900 K over the last decade.           

  Figure 3.14  shows the increase of pressure ratio during the years. This can 
be compared with the ideal pressure ratio for maximum specifi c power as a 
function of turbine inlet temperature that is shown in  Fig. 3.15 .             

  3.4     Improvements to the simple cycle 

 The development of the gas turbine described previously has followed a 
steady trend, with a number of signifi cant innovations in the main com-
ponents but always with a careful attention to maintain a leading role as 
aircraft engines. The main features of aircraft engines are a high power/
weight ratio, small overall volume (length and external diameter of the 
gas turbine) to fi t the aerodynamic casings located under the wings or in 
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 3.12      Improvements of gas turbine nozzles and blades material 
temperature during the years. 4   
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Cooling	effec9veness	and	efficiency	

•  Cooling	effec9veness	is	defined	as:	

•  Cooling	efficiency	is	defined	as:	

•  The	heat	load	parameter	or	mass	flow	
func9on	is	defined	as:	

Φ =
Tm −Thg( )
Tc −Thg( )

ηcool =
Tc,out −Tc,in( )
Tm −Tc,in( )

m* =
cp,c ⋅mc

Ahg ⋅hhg



Film	cooling	effec9veness	

•  The	film	cooling	effec9veness	is	defined	as:	
	

•  If	the	film	temperature	is	at	the	cooling	air	
temperature	the	effec9veness	is	1.	When	the	
film	temperature	is	the	same	as	the	hot	gas	
temperature	the	effec9veness	is	0.	

•  This	parameter	defines	how	much	the	film	is	
mixed	with	hot	gas	and	changes	along	the	
blade	

η film =
Tfilm −Thg( )
Tc −Thg( )




















