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Abstract. Substantial performance improvements might be achieved by increasing Turbine Inlet Temperature (TIT). How-
ever, this raises the heat load in turbine components requiring cooling to ensure safe operation and satisfy the performance
and service time requirements. Many factors influence the required cooling airflow, such as the coolant and gas proper-
ties. Since some industrial engines may operate using more than one fuel type, it is of interest to investigate the effects of
change the gas composition on the cooling parameters. In the present work, an in-house code estimates the cooling air
parameters using the method described by Consonni. The fluid property calculation applies the two-component model.
The fuels considered are kerosene (Jet-A); diesel; natural gas (pure methane); and, residual oil. Results showed a marked
effect of the specific heat ratio cpc/cpg (i.e. air to gas ratio) on the coolant air fraction for the primary fuels, while
other gas properties might become significant for non-conventional coolant and working fluid. The results highlight the
importance of a detailed investigation of gas property effects on turbine cooling parameters.
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1. INTRODUCTION

Increasing Turbine Inlet Temperature (TIT) is one of the means to improve the performance for both aircraft and
land-based gas turbines. However, environmental issues and material life requirements impose a limit on the rise of TIT.
In modern gas turbines, TIT exceeds the maximum allowed temperature of the blade material. Cooling the components
warrant safe operation while fulfilling performance and service time requirements. Nevertheless, the benefits brought
about by higher TIT’s are reduced by the losses associated with the turbine cooling system (Horlock et al., 2001; Silva
et al., 2019). Higher the cooling air mass flow higher the pressure loss and lower the mainstream flow temperature.

The composition and properties of gas also affect engine performance. The combustion products depend on the fuel-
air ratio, fuel chemistry, temperature, and pressure (Walsh and Fletcher, 2004; Guha, 2001). Since some industrial engines
may operate using more than one fuel type, it is interesting to investigate the effect of these modifications. A hydrocarbon
fuel burnt in the air mainly results in N2, O2, CO2, and H2O. Figures 1 and 2 show the variation of properties with the
temperature for individual gas species. The water vapor content has a notable contribution to the specific heat at constant
pressure (cp), Fig. 1, and thermal conductivity (k), Fig. 2 (a). For all components, the dynamic viscosity (µ) exhibits
similar variation at magnitude and temperature, as shown in Fig. 2 (b).

Carcasci et al. (2002) demonstrated that the mass flow composition affects the cooling performance. The authors
analyzed some cooling parameters using alternative coolant and working fluids. The simulations maintained the maximum
cycle temperature, coolant mass flow, blade and cooling system geometry fixed. According to the results, the composition
of fluid affects the heat transfer coefficients changing the blade temperature distribution and hampering the blade cooling.
Consequently, a reduction of maximum cycle temperature, redesign of the cooling system, or increasing the coolant mass
flow could be required. All these conditions may lead to a decrease in engine performance. The analysis carried out
in the present paper considers fixed the blade and cooling system geometry, imposing the same coolant fluid and blade
metal temperature for all simulations. The purpose is to analyze the influence of gas mainstream properties on cooling
performance parameters, paying attention to the effects on the coolant mass flow rate.
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Figure 1: Variation of cp versus temperature for individual species of the combustion products.

(a) Thermal conductivity k (b) Dynamic viscosity µ
Figure 2: Transport property variation versus temperature for individual species of the combustion products.

2. FLUID PROPERTIES

Since this work is a preliminary investigation about the gas property effects and to avoid additional complexity, the
following approaches are adopted:

• The gas (combustion products) is assumed a mixture of its component species: Ar, N2, O2, CO2, and H2O (Wu,
1958), except for residual oil case;

• The effect of dissociation is negligible, even at elevated gas temperature;

• All properties are assumed to be dependent on temperature only;

• The flow properties are evaluated by considering the fluid composition as just air or gas (Young and Wilcock, 2002).
Subscript c is appended to denote coolant (air) and g to denote mainstream gas (combustion products).

2.1 Cooling Fluid

The coolant flow composition affects cooling performance; as demonstrated by Carcasci et al. (2002) and Jordal et al.
(2001). However, in this paper, the analysis is concerned with the influence of changing the hot gas composition. Then,
only air is considered as coolant fluid in the simulations. The transport and thermodynamic properties of air are based on
reported data by Green and Maloney (1997).

2.2 Fuels

Gas turbines may operate with different fuels depending on application. For example, kerosene is almost exclusively
used for aero-engines, diesel for marine engines, and natural gas for land-based power generation engines. Industrial
engines may also operate on more than one fuel type and with alternative fuels (Deuker et al., 2001; Molière and Pommel,
2000).

In the present analysis, three fuels have been considered: kerosene (Jet-A); diesel; and natural gas (pure methane).
These fuels comprise a mixture of many chemical compounds; nevertheless, to simplify the calculations, the approximated
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compositions given in Tab. 1 are adopted. The pure methane CH4 is the reference case. Simulations have also performed
with residual oil that on a molar basis is 44.65%N2, 22.10% CO, 21.17% CO2, 7.24%H2O, 4.83%H2 and 0.01%H2S.

Table 1: Fuel composition and Low Heating Value (LHV) (Elgohary and Seddiek, 2012; Air BP, 2011; Consonni, 1992)
Fuel Molecular Formula LHV [kJ/kg]
Jet-A C12H23 43,020
Diesel C12H26 42,800

Methane C1H4 50,000

2.3 Combustion Products

The combustion of a given fuel with air results in a gas composition significantly different from working fluid before
the combustion. The degree of change depends on both fuel to air ratio (FAR) and fuel composition (Walsh and Fletcher,
2004). It is therefore essential to take into account these gas properties in calculations to increase the accuracy of the
results. There are several ways to evaluate these properties as briefly described below (Guha, 2001):

• Method based on specified values: Constant, standard values of properties are used in the estimations. For example,
for preliminary cycle calculation, cp = 1, 005 kJ/kgK and γ = 1.4 (ratio of specific heats) are assumed for
the compression process (air) and cp = 1, 157 kJ/kgK and γ = 1.33 are assumed for the expansion process
(combustion gases) (Walsh and Fletcher, 2004). Values based on a mean temperature within each process are also
used;

• Method of using empirical relations: When the fuel has a relatively fixed composition (e.g. kerosene), the properties
of their combustion products can be determined by specific formulae that depend on temperature and fuel-air ratios
alone (Walsh and Fletcher, 2004);

• Method of using property tables: The properties of the combustion products are presented as tabular data sets for
selected values of temperature and actual fuel-air ratios (Kennan and Kaye, 1948) or calculated from tabulated
values for air and stoichiometric fuel-air ratio properties (Wu, 1958);

• Method based on gas composition: In this approach the composition of the combustion products must be known.
Hence, the properties of each constituent gas are calculated and combined to give the respective value for the
mixture. This approach is adopted here.

The thermodynamic and transport properties of each gas component species are estimated from functions reported
by McBride et al. (1993); without considering the equilibrium reaction contribution and dissociation. Table. 2 presents
the equations; the constants a,A, b, B,C,D are quoted in the reference (McBride et al., 1993). These equations were
implemented into an in-house code to working fluid property evaluations. Figures 1 - 2 show the properties of some gases
calculated by the program.

Table 2: Thermodynamic and transport equations (McBride et al., 1993).
Description Equation

Heat capacity c0p(T )
R =

∑n
i=1 aiT

i−1

Enthalpy H0(T )
RT = b1

T +
∫
c0p(T )dT
RT

Entropy S0(T )
R = b2 +

∫ ( c0p(T )
RT

)
dT

Viscosity
Thermal conductivity

lnµ
ln k

}
= AlnT + B

T + C
T 2 +D

Knowing the molar fraction y and the thermodynamic properties (i.e cp,g , enthalpy hg , entropy sg) of the individual
species; the respective property values for the combustion products can be evaluated (Walsh and Fletcher, 2004; Guha,
2001). For transport properties, once the dynamic viscosity µi of the component species has been determined, µg of
combustion products is calculated according to the mixture formulation reported by Wilke (1950),
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µg =
∑
i

(yiµi)/

yi +
∑
j

(yjΦij)

 , (1)

where, i and j are the pure component of mixture. Φij is the viscosity interaction coefficient between species i and j
defined by:

Φij =
(

1/
√

8
)

(1 + Mi/Mj)
−1/2

[
1 + (µi/µj)

1/2
(Mj/Mi)

1/4
]2
. (2)

where M is the molecular weight of components.
The approach given by Gordon and McBride (1994) is used to evaluate the thermal conductivity k of the combustion

products. The mixture method has the form of Eq. (1), with µ and Φij replaced by k and Ψij , respectively. Ψij is the
frozen thermal conductivity interaction coefficient between species i and j,

Ψij = Φij

[
1 +

2.41(Mi −Mj)(Mi − 0.142Mj)

(Mi + Mj)2

]
. (3)

Once cp, µ and k are known, the Prandtl number (Pr) can be calculated:

Pr =
cpµ

k
. (4)

3. COOLING PREDICTIONS

The coolant mass flow and other cooling influencing parameters are evaluated by an one-dimensional code based on
the method described by Consonni (1992) and extended to be applied to the whole blade chord (Jordal et al., 2001).
This model considers in detail the blade geometry and allows to investigate the influence of fluid properties on cooling
performance parameters.

Independently of the cooling technique used or if TBC (Thermal Barrier Coating) is presented, the following assump-
tions are considered:

• The inlet gas total temperature T0g is constant in the spanwise and chordwise direction (Torbidoni, 2004);

• As a safety margin, the coolant estimation is based on the peak gas temperature given by Tgr,max = Tgr +
Kcomb∆Tcomb, where Tgr is the gas recovery temperature, Kcomb is the combustion pattern factor and ∆Tcomb
is the temperature rise through the combustor (Young and Wilcock, 2002);

• The coolant (T0c) and blade metal (Tb) temperatures vary along the blade height (Hb) (Torbidoni, 2004);

• Blade metal temperature also varies through the blade walls and coating (Torbidoni, 2004).

3.1 Geometrical parameters

To avoid a large number of input data (mainly geometrical data) the internal blade geometry might be summarized by
the value of cooling technology parameter Z (Consonni, 1992):

Z = ψiαh
0.2np

0.8Eh(c/d)1.2 (5)

where, ψi is the coolant channel interference coefficient, αh is the coolant passage cross-section/c2, np is the number
of internal passes of each coolant channel, Eh is the heat transfer augmentation factor, c is the blade chord and d is the
cooling channel hydraulic diameter.

When set, this parameter allows to evaluate the influence of the internal blade geometry on blade cooling performance.
The higher Z value, higher the cooling efficiency and coolant pressure drop and lower the required cooling mass flow
(Torbidoni, 2004).

The external blade geometry is required to approximate the surface area exposed to the hot gas stream (gas side area);
that is, the area to be cooled. The perimeter of blade Sg might be found from known the coordinate point of airfoil, Fig. 3;
or assumed value of Φg , that Φg = Sg/c ≥ 2 (Torbidoni, 2004). Once the blade height is known the external blade area
Ab,g can be determined.
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Figure 3: NACA 6418 airfoil profile coordinates.

3.2 Cooling parameter calculations

The convective cooling approach assumes that blade behaves like a cross-flow heat exchanger subjected to a hot gas
flow with a thermal capacity much larger than the coolant flow (Consonni, 1992). The heat transfer is considered for an
elementary area in the radial direction of the blade, Fig. 4. The equations expressing the heat transfer from gas to coolant
are as follow:

Figure 4: External elementary area dAb,g for heat transfer calculation.

dQ̇ = hgdAb,g(Tgr − Tb,g), (6)

dQ̇ =
kb
tb
dAb,g(Tb,g − Tb,c), (7)

dQ̇ = hcdAb,c(Tb,c − T0c), (8)

dQ̇ =
ṁc

atz
cp,cdT0c. (9)

where, h is the heat transfer coefficient, tb is the thickness, at is the ratio between blades+shrouds surface and blade
surface, z is the number of blades in each row.

Adding Eqns. (6-8) and that ac = dAb,c/dAb,g results:

dQ̇ = UhdAb,c(Tgr − T0c), (10)

where Uh is the overall coefficient of the heat transfer of the system,

Uh =

[
ac

(
1

hg
+
tb
kb

)
+

1

hc

]−1

. (11)

Equating the Eqns. (10) and (9):

ṁc

atz
cp,cdT0c = −UhdAb,c(Tgr − T0c). (12)
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Integrating this along the blade height, i.e. from y = 0 to y = Hb, and that T0c(0) = T0c,i and T0c(Hb) = T0c,x,
gives:

Tgr − T0c,x = (Tgr − T0c,i)e

−ŪhAb,c

( ṁc
atz

)c̄p,c . (13)

Elaborating this last as regard to the cooling efficiency definition results:

η
′

c =
T0c,x − T0c,i

Tgr − T0c,i
= 1− e−NTU , (14)

η
′

c is the cooling efficiency referring to the constant external gas temperature. NTU is the Number of Transfer Units,

NTU =
ŪhAb,c(
ṁc

atz

)
c̄p,c

. (15)

After elaboration (Torbidoni, 2004), NTU might be related to the coolant flow rate ṁc as follows:

NTU =
0.092 H̄b

c Z
(
ṁc

ṁg

)−0.2

C0.2
g1 Cf1

[
1 +

(
ac

h̄c

h̄g

)
(1 +Bim)

] . (16)

The coolant mass flow rate also affects the blade metal temperature. Then, it is necessary to derive the equation for
the blade metal temperature. Equating the heat flux balance across the blade wall, Eqns. (6)-(8),

hg
ac

(Tgr − Tb,g) =
kb
tbac

(Tb,g − Tb,c) = hc(Tb,c − T0c). (17)

Dividing by hc and Tb,max and solving for blade metal temperature results,

τb,g =
τ0c +

(
Bim +

h̄g

ach̄c

)
τgr

1 +Bim +
h̄g

ach̄c

. (18)

where τ is the non-dimensionalized temperature by the maximum permissible blade temperature Tb,max.
Figure 5 shows as the coolant flows from root to tip the coolant temperature increases. As consequence, it becomes

less effective as a coolant, so that the blade temperature at the tip is higher than at the root. Assuming that T0g is constant,
the highest temperature on blade metal is located on both the external blade surface and the coolant exit section (Consonni,
1992; Chiesa and Macchi, 2004). Based on these assumptions and observing Eq. (14); Eq. (18) is rewritten for τbg,out -
the actual maximum blade metal temperature:

Figure 5: Spanwise variations of coolant temperature (T0c) and blade temperature (Tb) in a blade with a single cooling
channel.

τbg,out =
(1− η′c)τ0c,in +

(
η
′

c +Bim +
h̄g

ach̄c

)
τgr

1 +Bim +
h̄g

ach̄c

. (19)
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The equation system is complete. The main equations are summarized in Tab. 3. Details about the development of
these equations are given in Consonni (1992) and Torbidoni (2004).

Table 3: Equation system of the model: Convective cooling (Torbidoni, 2004).
Description Equation

Heat resistance ratio ac
h̄c
h̄g

=
0.092C0.8

g1 Cf2Z

0.285Φg

(
ṁc

ṁg

)0.8

Number of Transfer Units NTU =
0.092

H̄b
c
Z
(

ṁc
ṁg

)−0.2

C0.2
g1 Cf1

[
1+
(
ac

h̄c
h̄g

)
(1+Bim)

]

Cooling efficiency (Tgr) η
′
c =

T0c,x−T0c,i

Tgr−T0c,i
= 1− e−NTU

Cooling efficiency (Tb,max) ηc =
T0c,x−T0c,i

Tb,max−T0c,i
= η

′

c

(
Tgr−T0c,i

Tb,max−T0c,i

)
Non-dimensional blade

metal temperature τbg,out =
(1−η

′
c)τ0c,in+

(
η
′
c+Bim+

h̄g
ach̄c

)
τgr

1+Bim+
h̄g

ach̄c

Parameters Cg1 and Cf1 express the external blade geometry and the flow properties, respectively. Cf2 is the second
parameter related to the flow properties. They are defined as

Cg1 =
(Hb/c)

atσ
, (20)

Cf1 = Pr2/3
c

[
Reg cosα2

(
µg
µc

)]0.2

, (21)

Cf2 = Re0.17
g

(
c̄p,c
cp,g

)(
µc
µg

)0.2(
Prg
Prc

)2/3

(cosα2)0.8. (22)

where α2 is the gas flow angle at the exit row section, Re is the Reynolds number.
Given blade geometry, parameter Z, materials and estimated fluid properties, the cooling parameters and temperature

profiles reported in Fig. 5 can be calculated. Since τbg,out is the maximum non-dimensional blade metal temperature,
imposing the condition τbg,out = 1 means that the blade metal temperature has an acceptable value in all the other blade
sections, i.e. Tb,g ≤ Tb,max (Consonni, 1992). Therefore, to solve the equation system, an iterative process starts until
the guessed values of ṁc/ṁg satisfies the condition τbg,out = 1.

As for convective cooling, the approach for film cooling is based on the relationship between the blade metal temper-
ature τbg,out and the mass flow ratio ṁc/ṁg .

The adiabatic film effectiveness εf may be calculated by Eq. (23), which is derived from the semi-empirical correlation
proposed by Goldstein and Haji-Sheikh (1967) and modified by Han and Jenkins (1982) - this correlation is based on the
injection of the cooling air through a continuous slot over flat plates. Subscript inj refers to injection location.

εf = 1.9Pr2/3
g

{
1 + 0.329

(
cp,g
cp,c

)
(Reg)

0.8
inj

(x
c

)0.8
[
2atσ

(
ṁg

∆ṁc

)(
1

rfc

)(
HinjπDm(µ)inj

cṁg

)
+

0.00015
Mg

Mc
sinαinj

−1

.

(23)

where Dm is the blade row mean diameter, rfc is the fraction of the coolant flow used for film cooling.
Using a similar procedure to that for convective model, the non-dimensional blade metal temperature may be derived:

τbg,out =
(1− η′c)τ0c,in +

(
η
′

c +Bim +
h̄g

ach̄c

)
τaw

1 +Bibw +
h̄g

ach̄c

. (24)
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where τaw is the non-dimensionalized adiabatic wall temperature.
The mass flow ratio (ṁc/ṁg) is determined by means of an iterative calculation imposing the condition τbg,out = 1.
The inclusion of TBC into the cooling model requires only accounts to the additional heat resistance representing the

TBC layers.

4. RESULTS AND DISCUSSIONS

4.1 Comparison of cooling model results

The methodology described above was implemented into CTurb, an in-house code developed by Silva (2014), a
program that is able to simulate turbine blade considering cooling. The simulation results were compared with data
reported by Torbidoni (1999) to verify the accuracy, as shown in Figs. 6 –t8. The major input data are presented in Tab. 4.

Table 4: The main input data to verify the accuracy of predicting method (Torbidoni, 1999).
Geometrical
parameters

H/Dm 0.1 cx/Dm 0.6 tb/c 0.125
γ 65 deg σ 1.2 Φg 2.6

Flow temperatures T0c,i 623 K Tst,g 1,027 K T0,g 1,473 K

Flow parameters Prg 0.74 Prc 0.7 Reg 3.226x106

µc/µg 0.8262 cp,c/cp,g 0.9142 BiTBC 0.0

In Figure 6 is shown the coolant flow rate ṁc/ṁg versus parameter Z and portion of ejected coolant flow rfc, where
rfc = 0 refers to convective blade cooling only and rfc = 1 means that the all cooling flow is used to feed the film.
The results from CTurb present good agreement with the reference data (Torbidoni, 1999). The cooling efficiency is
shown in Figure 7. No marked difference between the results of CTurb and reference is observed. The adiabatic wall film
effectiveness εf is showed in Figure 8 for calculated and reference data (Torbidoni, 1999). The results obtained are in
good agreement with reference to all values of rfc and parameter Z.

Figure 6: Coolant flow rate for film blade cooling. Plotted reference data are found in Torbidoni (1999).

Figure 7: Cooling efficiency for film blade cooling. Plotted reference data are found in Torbidoni (1999).
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Figure 8: Mean adiabatic wall film effectiveness. Plotted reference data are found in Torbidoni (1999).

As conclusion, the implemented program demonstrated to predict correctly the cooling parameters with modifications
in Z, rfc and BiTBC . Then, the developed program might be used to simulate the engine with cooled blade turbine.

4.2 Cooled turbine blade simulation

For simulation of the cooled turbine blade the NACA 6418 profile was selected with 65 degree of stagger angle γ and
1.2 of solidity σ. The whole coolant flow feeds the film, i.e. rfc = 1.0, which is injected at 25 degree (αinj). The cooling
technology parameter Z is 120 and metal Biot number Bim = 0.5, while BiTBC = 0. In addition, it follows that the
maximum blade metal temperature is 1,075 K and the inlet coolant temperature is 643 K.

In order to better compare fuel composition effects, the same conditions were used in all simulations, including the
geometrical parameters and cooling configuration, even though that in real engines some differences and limitations might
exist. The objective is a direct comparison of the flow property effects in each case.

The presented results refer to a film-cooled nozzle with four rows of film injection holes. The relative distance from
the injection location in the downstream chord-wise direction (x/c) was set at 0.25 (Torbidoni, 2004). As it is more usual,
the notation expresses the coolant mass flow as a fraction of gas mass flow (i.e. ṁc/ṁg).

Figure 9 shows the cooling efficiency and adiabatic film effectiveness. The simulations were performed for kerosene
(Jet-A), diesel and pure methane. From the results, it was observed that the gas composition almost does not affect the
cooling parameters. While for the cooling flow rate ṁc/ṁg a difference about 4% between CH4 and kerosene at 1,800 K
was found (see Fig. 10). In this case, the difference is due to the higher specific heat of gas resulting from the combustion
of methane, Fig. 11. The difference owing to the other properties was negligible.

Figure 9: Cooling efficiency and adiabatic film effectiveness for different fuel compositions.

The effect of cp is confirmed by the sensitivity study carried out to understand the relative impact of the flow properties
in cooling parameters. The flow properties such as Prc and Reg were varied over a range of 95-105 % of the nominal
values for methane at TIT=1,400 K. Figures 12-14 show the effect of each flow parameter in the cooling variables (ṁc/ṁg ,
ηc and εf ). A negative slope indicates that a lower cooling parameter is obtained by increasing the flow property.

In the range of investigated values, the parameter that has the largest impact on the coolant mass flow rate is cp,c/cp,g .
Prg also shows a significant impact on the cooling variables, because the gas Prandtl number value affects the gas recovery
temperature Tgr, Cf2 and εf . For cooling efficiency only a smooth dependence was observed in coolant Prandtl number,
about 1%. While for adiabatic film effectiveness, the changes were lower than 0.4%. Similar characteristics were obtained
for the other fuels.
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Figure 10: Cooling flow rate. Figure 11: Specific heat coolant to gas ratio.

Figure 12: Impact of flow properties on the coolant masstext
flow rate.

Figure 13: Impact of flow properties on the cooling effi-
ciency.

Figure 14: Impact of flow properties on the film effectiveness.

Simulations were also performed for residual oil fuel using CEA program (Gordon and McBride, 1994) for fluid
property calculation. The results are compared with those from pure methane. The objective is to highlight the influence
of fuel on cooling parameters once they present very different compositions. Figure 15 shows the cooling efficiency and
adiabatic film effectiveness. A difference up to 5% and 3.4% was observed for ηc and εf , respectively. Higher differences
were also observed for mass flow ratio, Fig. 16.

Analyzing the results of cp, µ and Pr for both coolant and gas flow, the highest difference was 2.56% for Prg and
less than 1% for the others. However, Reynolds number sharply increases for residual oil due to the higher FAR - which
in turn increases ṁg , Fig. 17. From the sensitivity study (see Fig. 12), higher Reynolds number lower cooling flow ratio.
Then, in this case, the Reynolds number had a relevant influence on the results. Besides, since the coolant mass flow is
evaluated as a fraction of gas mass flow ṁg , the higher value of gas mass flow increases the coolant mass flow to be bled
from mainstream flow as shown in Fig. 18.

It is recognized that considering film cooling for residual oil case should require a detailed investigation of the pos-
sibility of erosion/blockage of holes due to the fuel/air quality (Glezer, 2003). Nevertheless, the main goal is the direct
comparison among the fuels and its influence on cooling parameters, hence this "real characteristic" has not been taken
into account in the analysis.
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Figure 15: Cooling efficiency and adiabatic filmtexttexttext
effectiveness for methane and residual oil.

Figure 16: Cooling flow ratio for methane and residual oil.
texttexttext

Figure 17: Mainstream gas mass flow. texttexttexttexttext-
texttexttexttext

Figure 18: Bleed coolant mass flow for methane and residual
oil.

5. CONCLUSIONS

In this paper, a film cooled nozzle was simulated using an in-house code developed for this purpose. The methodology
proposed by Consonni (1992) was used to predict the cooling efficiency, film effectiveness, and mass flow ratio for
different fuels. The objective of the study was to analyze and quantify the effects of gas composition on turbine cooling
performance parameters.

The results did not demonstrate a marked difference in cooling efficiency and film effectiveness for the first three fuels
investigated (kerosene, diesel, and methane). A difference of about 4% betweenCH4 and kerosene was found for ṁc/ṁg ,
which for the reference fuel would represent an increase of 10 K in the external blade metal temperature. According to
Han et al. (2000), this increase at the predicted blade temperature may reduce the blade life by approximately half. As
demonstrated by the sensitivity study, cp,g has contributed to this difference, while the influence of other flow properties
was negligible.

Higher differences were found for residual oil when compared to methane. In this case, the higher Reynolds number
influenced the results, mainly the coolant and gas mass flow.

The present analysis highlights the importance of a detailed investigation of gas property effects on cooling parameters,
which might become important mainly for non-conventional coolant and working fluid. Besides, the increase in blade
metal temperature indicates a reduction in the blade creep life, but further analyses are required to quantify the level of
degradation.

Finally, although the coolant considered was air, similar conclusions can be obtained for other coolant fluids keeping
the same fuel; i.e., maintaining constant gas properties, because in the presented equations the flow properties might be
represented as a fraction of gas or coolant.
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