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EXTRACTS OF PUBLIC INFORMATION

To meet economic and environmental demands, future designs of aero engines and industrial gas turbines must strive for high performance, low

noise and pollutant emissions, reduced weight and cost, and shorter time to market.

The AITEB-2 project represents a new integrated approach to develop and assess advanced aerodynamic and aerothermal design concepts for
highly loaded HP and LP turbines and interducts. The experimental and theoretical analyses were performed in close cooperation at 19 European
organisations {Industry, SMEs, Universities, Research Centres). A major goal of the project was to demonstrate the predicting capabilities of state-
of-the art CFD {commercial codes and in-house developments) by means of carefully selected test cases with different levels of complexity. The

comprehensive studies address the following areas:

* Film Cooling and Heat Transfer in Regions of Separated Flow
Effect of film cooling on pressure side separation, control of turbulent suction side separation and convective heat transfer in se-

parated flow regimes on turbine blades.

* Advanced Trailing Edge Cooling Concepts
Effect of internal turbulators on heat transfer in T/E coolant cavity, effect of mixed radial/axial flows in T/E coolant cavity, film

cooling performance on T/E cut-back surface, and T/E film cooling in a transonic cascade.

* Flow and Heat Transfer on Turbine Enclwalls

Micro-hole cooling techniques for turbine endwalls and impact of hub leakage flow on endwall cooling.

* Advanced Rotor Tip Cooling Concepts
Aeradynamic and thermal performance in the tip area of cooled highly loaded shrouded and unshrouded HP turbine blades.

* Heat Transfer in Turbine Interducts
Effect of incoming wakes and vortices, effect of inlet swirl and upstream endwall cooling / purge flows on heat transfer at inner

and outer duct wall.

* Enhancement of the CFD Process
Develop, set-up, implement, and optimize the industrial design process consisting of CAD import and repair, mesh generation,
flow solution, and changes to the geometry informed by post-precessing. Demonstration of the new optimized CFD process on

realistic test cases.
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Conjugate Heat Transfer with Large Eddy Simulation.
Application to Gas Turbine Components.

F. Duchainé, S. Mendez, F. Nicoud, A. Corpror?, V. Moureat and T. Poinsdt*

Conjugate heat transfer is a key issue in combustion: theaation of reacting flows and
hot gases with colder walls is actually a main design coimdtia gas turbines. For example,
multiperforated plates commonly used in combustion chamtzecool walls must be able to
sustain the high fluxes produced in the chamber. After cotidsusthe interaction of the hot
burnt gases with the high pressure stator and the first titilardes conditions the temperature
and pressure levels reached in the combustor, and thetbfengine efficiency.

Conjugate heat transfer is a difficult field and most existoms are developped for chained
(rather than coupled), steady (rather than transient) gghena: the fluid flow is computed
using a RANS (Reynolds Averaged Navier-Stokes) solver.irguthis work, a fully parallel
environnement for conjugate heat transfer has been dexe:kopd applied to two configurations
of interest for the design of combustion devices. The nuraétool is based on a reactive LES
(Large Eddy Simulations) code and a solid conduction solliat can exchange data via a
supervisor.

An unsteady wall/flame interaction is used to assess therttwspon and the order of the cou-
pled solutions depending on the coupling frequency. It @ashthat the temperature and the
flux across the wall are well reproduced when the codes argledwvith a time scale of the
order of the smallest time scale. An experimental film-cdalebine vane is studied in order to
reach a steady state. The solutions from the conjugate sesabnd an adiabatic wall convec-
tion are compared to experimental results. Concerningspregrofiles, both simulations show
a good agreement with experimental results. Due to theroraduction in the blade, conju-
gate results has a lower mean intrado temperature thanatidiaimulation and reproduce the
experimental cooling efficiency quite well.

INTRODUCTION

Conjugate heat transfer is a key issue in combustion [1h2]irtteraction of hot gases and reacting flows
with colder walls is a key phenomenon in all chambers and tigadly a main design constraint in gas
turbines. For example, multi-perforated plates are comynased in gas turbines combustion chambers to
cool walls and they must be able to sustain the high fluxesymedin the chamber. After combustion, the
interaction of the hot burnt gases with the high pressurerstnd the first turbine blades conditions the
temperature and pressure levels reached in the combustitherefore the engine efficiency.

Conjugate heat transfer is a difficult field and most existimgs are developed for chained (rather than
coupled), steady (rather than transient) phenomena: tigfltwv is brought to convergence using a RANS
(Reynolds Averaged Navier-Stokes) solver for a given seskaf temperatures [3, 4, 5]. The heat fluxes
predicted by the RANS solver are then transferred to a haasfer solver which produces a new set of
skin temperatures. A few iterations are generally sufficiemeach convergence. There are circumstances
however where this chaining method must be replaced by adulling approach. Flames interacting with
walls for example, may require a simultaneous resolutiotheftemperature within the solid and around
it. More generally, the introduction of LES to replace RAN&dis to full coupling since LES provides the
unsteady evolution of all flow variables.

Fully coupled conjugate heat transfer requires to takeaetmunt multiple questions. Among them, two
issues were considered for the present work:

e The time scales of the flow and of the solid are generally véffgrént. In a gas turbine, a blade
submitted to the flow exiting from a combustion chamber hdseamal characteristic time scale of
the order of a few seconds while the flow-through time alorglitade is less thah ms. As a
consequence, the frequency of the exchanges between tbg isatitical for the precision, stability
and restitution time of the computations.
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e Coupling the two phenomena must be performed on massivedliglamachines where the codes
must be not only coupled but synchronized to exploit the pafithe machines.

During this work, these two issues have been studied usiogewamples of conjugate heat transfer: a
flame interacting with a wall in section Il and a blade subaditto a flow of hot gases in section Ill. Both
problems have considerable impact on the design of condsudtvices. Section | deals with the codes
used to this studies as well as the coupling strategies.

I  SOLVERS AND COUPLING STRATEGIES

The AVBP code is used for the fluid [6, 7]. It solves the comgpitde reacting Navier-Stokes equations
with a third-order scheme for spatial differencing and a gRuKutta time advancement [8, 9]. Boundary
conditions are handled with the NSCBC formulation [10, 9].

For the resolution of the heat transfer equation withindsla simplified version of AVBP, called AVTP,
was developed. It uses the same data structure as AVBP. dujsled to AVBP using a software called
PALM [11]. For all present examples, the skin meshes aredhgesfor the fluid and the solid so that no
interpolation error is introduced at this level.

The coupling strategy between AVBP and AVTP depends on tiextizes of the simulation and is charac-
terized by two issues:

e Synchronization in physical time: the physical time congglity the two codes between two infor-
mation exchanges may be the same or’ndée will impose that between two coupling events, the
flow is advanced in time of a quantity;7; wherer; is a flow characteristic time. Simultaneously,
the solid is advanced of a time,7, wherer, is a characteristic time for heat propagation through
the solid. Two limit cases are of interest: @) = ay ensures that both solid and fluid converge to
steady state at the same rate (the two domains are then ratreyized in physical time) and (2)
afTy = T, €nsures that the two solvers are synchronized in physioal ti

e Synchronization in CPU time: on a parallel machine, code#tie fluid and for the structure may be
run together or sequentially. An interesting question aletd by the execution mode is the infor-
mation exchange. Fig. 1 shows how heat fluxes and tempegaiexchanged in a mode called SCS
(Sequential Coupling Strategy) where the fluid solver aft@rn (physical durationx;7¢) provides
fluxes to the solid solver which then starts and gives tentperal;,, (physical duratioru,7,). In
SCS mode, the codes are loaded into the parallel machinesgally and each solver use all avail-
able processorsN). Another solution is Parallel Coupling Strategy (PCS) wehieoth solvers run
together using information obtained from the other solt¢ha previous coupling iteration (Fig. 1).
In this case, the two solvers must share the= P, + P; processors. Th&, and Py processors
dedicated to the solid and the fluid respectively must be thath

Py 1

P 1+T.T; @

whereT’; and7’ are the execution times of the solid and fluid solvers resgdgt{on one processor).
T, andT’y depend onx,7s anda ¢7y. Perfect scaling for both solvers is assumed here.

Note that both SCS and PCS questions are linked to the wayniation (heat fluxes and wall temperatures)
are exchanged and to the implementation on parallel mashintare independent of the synchronization
in physical time: PCS or SCS can be used for steady or unsteadgutations. This paper focuses on the
PCS strategy.

Finally,this work explores the simplest coupling methodewehthe fluid solver provides heat fluxes to the
solid solver while the solid solver sends skin temperatinask to the fluid code. More sophisticated
methods may be used for precision and stability [12, 13] betgresent one was found sufficient for the
two test cases described below.

5For example, when a steady state solution is solighttp be used as initial condition for an unsteady computatiphysical
times for both solvers can differ.
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Figure 1: Main types of coupling strategies.
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Figure 2 : Interaction between wall and premixed flame. Solid linetightemperature profile.

Il FLAME/WALL INTERACTION (FWI)

The interaction between flames and walls controls comhugtinllution and wall heat fluxes in a significant
manner [10, 14, 15]. It also determines the wall temperanckits life time. In most combustion devices,
burnt gases reach temperatures betwes) and 2500 K while walls temperatures remain betwe#in
and850 K because of cooling. The temperature decrease from busesdavels to wall levels occurs in a
near-wall layer which is less thanmm thick, creating large temperature gradients.

Studying the interaction between flames and walls is diffitaim an experimental point of view because all
interesting phenomena occur in a thin zone near the wall:astiwases, the only measurable quantity is the
unsteady heat flux through the wall. Moreover, flames apiagavalls are dominated by transient effects:
they usually do not 'touch’ walls and quench a few micrometaxay from the cold wall because the low
wall temperature inhibits chemical reactions. At the saime tthe large near-wall temperature gradients
lead to very high wall heat fluxes. These fluxes are maintdmreshort durations and their characterization
is also a difficult task in experiments [16, 17].

The present study focuses on the interaction between a darflame and a wall (Fig. 2). Except for a
few studies using integral methods within the solid [18] atatytic walls [19, 20], most studies dedicated
to FWI were performed assuming an inert wall at constant veatiperature. Here we will revisit the
assumption of isothermicity of the wall during the intefant

[1.1 THEINFINITELY FAST FLAME (IFF) LIMIT

Flame front thicknesses{) are less than mm and laminar flame speeds § are of the order of m/s.
Walls are usually made of metal or ceramics and their chawiatit time scale, = L2/ D, (whereL is the
wall thickness and, the wall diffusivity) is much longer than the flame charaistiic time = 69 /9.

An interesting simplification of this observation is thefimtely Fast Flame’ limit (IFF) in which the time
scale of the flame is assumed to be zero compared to the sukd fin this case, the FWI limit can be
replaced by the simpler case of a semi-infinite solid at teatpeeT) getting instantaneously in touch with
a semi-infinite fluid at a constant temperatiikewhereTs is the adiabatic flame temperature (Fig. 3). The
propagation time of the flame towards the wall is neglected.
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Figure3: The IFF (infinitely fast flame) limit. Solid line: initial teperature profile.

Initial Thermal  Thermal Thermal Heat Density Mesh Fourier
temperature diffusivity effusivity conductivity capagit size time step
Solid 650 3.3810°%  7058.17 12.97 460 8350 410°¢ 23710°°
Fluid 660 2.53107° 5.52 0.028 1162.2 0.947 4107% 3.1610°7

Table1: Fluid and solid characteristics for IFF test case (S| unit§he Fourier time step corresponds to the stability
limit for explicit scheme&t® = Axz?/(2D,).

The IFF problem is a classical heat transfer problem andmasalytical solution which can be written as:

Ty — Ty

T(x,t)=T1+b A erfc(—%Dst) for <0 2
TQ—Tl x

T(x,t) = Ty — b, f >0 3

(z,t) by T erfc(2\/§) or (3)

whereb = /ApC),, is the effusivity of the burnt gasels, = /A psCps the effusivity of the wall and the
burnt gases diffusivity Ds and D are assumed to be constant in the solid and fluid parts. Theeterure
of the wall atz = 0 is constant and the heat fldxdecreases Iiké/\/f:

0D+ b1

Ty —T7 bbs
T(x=0,t) = D70 =

and ®(x=0,t) = b, Vil

This IFF limit is useful to understand FWI limits. It was alesed as a test case of the coupled codes to
check the accuracy of coupling strategies (next section).

(4)

I1.2 THEIFFLIMIT ASA TEST CASE FOR UNSTEADY FLUID / HEAT TRANSFER COUPLING

A central question for SCS or PCS methods is the couplingigaqy between the two solvers especially
when they have very different characteristic times. SihedEF has an analytical solution, it was first used
as atest case for PCS methods. The test case correspondalt@sos0 K in contact at = 0 with a fluid
at660 K. Compared to a wall/flame interaction, this small tempaetifference is chosen in order to keep
constant values fab, A andCp. Table 1 summarizes the properties of the solid and the fhuiddicates
mesh sizeAx and maximum time step&t? for diffusion (the only important ones here since the flowsloe
not move).

The most interesting part of this problem is the initial phaden fluxes are large and coupling difficult.
During this phase, the solid and the fluid can be consideré@dfiae and there is no proper length or time
scale to evaluate; or 7, in Fig. 1. The only useful scale is the grid mesh and the aassttime scale for
explicit algorithm stability. Therefore we chose to take= At? andr, = At (Note that the fluid solver
is limited by an acoustic time step smaller thamf?). The strategy used for this test is the PCS method
(Fig. 1) for unsteady cases which requikegr; = a,7s . The oy parameter defines the time interval
between two coupling events normalized by the fluid charstietime. Values ofv; ranging from0.131

to 65.5 were tested for this problem and Fig. 4 shows how the erromaximum wall temperature and the
wall heat flux change whem; changes. The IFF solution 4 is used as the reference solldging values

of oy larger than unity leads to relative errors which can be §icamt and to strong oscillations on the
temperature and flux. As expected a full coupling of fluid aolidsor this problem requires to use values
of a;y of order unity which means to couple the codes on a time schiehws of the order of the smallest
time scale (here the flow time scale).
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Figure 4 : Tests of the PCS method for the IFF case of Fig. 3. Effectseotthupling period between two events
(measured byy,). Left: relative error on wall temperature at = 0, right: relative error on wall flux atc = 0. Solid
line: oy = 0.131, dashed:ay = 13.1, dots: ay = 65.5.

Initial Thermal  Thermal Thermal Heat Density Mesh Time
temperature diffusivity effusivity conductivity capagit size scale
Solid 650 3.3810°%  7058.17 12.97 460 8350 210°° 0.3
Fresh gases 650 4.14107° 7.35 0.047 1168.9 0977 4107% 30451076
Hot gases 2300 3.72104 7.28 0.140 1441.6 0.262 4107% 30.4510°6

Table 2 : Fluid and solid characteristics for flame/wall interactid@st case (S| units). The characteristic timefor
the solid is based on its thickness and heat diffusivity. CHagacteristic time scale for the fluic} is based on the flame
speed and thickness.

1.3 FLAME/WALL INTERACTION RESULTS

This section presents results obtained for a fully coupld Bnd compares them to the IFF limit. The
parameters used for the simulation (Table 2) corresponchtetaane/air flame at an equivalence ratio of
0.8, propagating in fresh gases at a temperafiref 650 K at a laminar speed? = 1.128 m/s. The
adiabatic flame temperatureds = 2300 K. The wall is initially at7T; = 650 K too. The maximum time
step corresponds to the Fourier stability criterion for slaéid and to the CFL stability criterion for the
fluid. These time steps are respectivaly’” = 0.59 us andAt$** = 0.0023 us. For this fully coupled
problem, the only free parameterig. The period between two coupling evenis ¢; = «,7;) determines
the number of iterations performed by the gas solver duhirggtime : N;; = afo/AtjCFL. As the cost of
computing heat transfer in the solid for this problem is alijtnegligible, no attempt was made to optimize
the computation. The effect of mesh resolution in the gasesalso checked and found to be negligible:
for most runs500 mesh points are used in the gases with a mesh sizd @f ¢ mm.

The coupling parameters for the presented case correspari@S simulation with ; = 7.5 10~2 leading

to N;; = 100 in the gases accompanied by one iteration in the solid where 7.6 10~7 (Fig. 5). Fig. 6
displays the wall scaled temperature at the fluid and sal&facel™ = (T'(x = 0)—11)/(T>—T1) and the
reduced maximum heat flul/ (pC),s9 (T> — T1) through the wall versus time. The flame quenches at time
s9t/09 =9, where the flux is maximum. Fig. 6 also displays the predictibthe IFF limit (Eq. 4). Except

in the first instants of the interaction, when the flame id atitive, the IFF limit matches the simulation
results extremely well, both in terms of fluxes and wall terapgre. The IFF solution can not predict the
maximum heat flux because it leads to an infinite flux at théairtime. However, as soon as the flame is
quenched, it gives a very good evaluation of the wall heat tNote that the wall temperature increases by
a small amount during this interaction between an isolataddland the wallll* ~ 10~2 on Fig. 6). In
more realistic cases, flame will flop and hit walls at high rency which could lead to cumulative effects
and therefore to higher wall temperature and fatigue.

Fig. 7 shows how the wall temperaturerat= 0 changes when the effusivity of the solid varies. For the IFF
limit, this temperature is given by Eq. 4 and for the simaatiit is the temperature reached asymptotically
for long times. The agreement is excellent and confirms tietFF limit correctly predicts the long-term
evolution in this FWI problem. It also shows that the coupdadulation works correctly. Note however,
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Figure 8 : Flame/wall interaction simulation. Left: relative erronavall temperatures = 0) fromt* = 69t/s% =0
tot* = 82, right: relative error on the energy fluxed into the wall oretbame period.

that the IFF limit given by Eqg. 4 is only approximate for thenlawall interaction problem since it assumes
constant density and heat diffusivity in the gases.

Finally, Fig. 8 shows how the coupling frequency (measurgthle parametes ;) changes the precision
of the coupled simulation (coupling events are scheduleveity« ;7 times wherery is the fluid time).
The precision of the coupling was checked by changinfyom 100 to 500000 (s from 7.5 1073 to 37.8)
with N;; = 10 (ay = 7.5 107%) as reference. The error on the maximum temperature remeigsmall
even for largex; values. The error on the maximum energy entering the waliéen the initial time and
an arbitrary instant (her& t/s9 = 82) depends strongly on;. As expected from results obtained for the
IFF problem only (previous section), coupling the two sodviess often that; (o > 1) leads to errors
larger thanl0 percent on the energy fluxed into the wall. The errors on teatpee and energy fluxed into
the wall converge both to whena; decreases with an order closelto

Il BLADE COOLING

The second example studied during this work is the intevadiietween a high-speed flow and a cooled
blade. This example is typical of one of the main problem®antered during the design of combustion
chambers [2, 21]: the hot flow leaving the combustor must oot he turbine blades or the vanes of the
high pressure stator. Predicting the vanes temperatudgfidlich are cooled from the inside by cold air) is

a major research area [22, 23, 4]. Here an experimentals@id20D blade) developed within the AITEB-

1 European project was used to evaluate the precision obtingled simulations (Fig. 9). The temperature
difference between the mainstreai & 333.15K) and cooling {7 = 303.15K) airs is limited to30 K to
facilitate measurements. Experimental results incluéssure data on the blade suction and pressure sides
as well as temperature measurement on the pressure side.

The computational domains for both the fluid and the strectontain only one spanwise pitch of the film
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Inlet static Inlet total Inlet total Flow Thermal Heat Time inTe
temperature  temperature pressure rate conductivity  dgipacscale  stepAt}'

Mainstream 7T, =333.15 T4 =339.15 P} =27773 0.0185 2.61072 1015 0.001 9.8010°%
Coolingair T; =303.15 Tf=303.15 P{=29143 0.000148 2.44 1072 1015  0.0006 9.80 1078

Table 3: Flow characteristics for the blade cooling case (Sl unii)e fluid time scales are based on the flow-through
times in and around the blade. The characteristic fluid timaesr; is the maximum of this time, ¢ = 0.001. The
time stepAt%" is limited by the acoustic CFL numbé. ().

cooling hole pattern (z axis on Fig. 9), with periodicity erded at each end. This simplification assumes
no end-wall effects, but retains the three-dimensionalftyhe flow and greatly reduces the number of
tetrahedral cells required to model the blade: alfositmillion cells to discretize the fluid an600 000

for the solid. A periodicity condition is also assumed in thdirection. The WALE subgrid model [24]
is used in conjunction with non-slipping wall conditionss shown on Fig. 9, the three film-cooling holes
and the plenum are included in the domain:2é$ aligned with the main flow (in the xy plane) while jets
1 and3 have a compound orientation. The mean blowing ratio (ratia jet momentum on the hot flow
momentum) of the jets based on a hot gases velocidp ofis ! is approximately).4.

Tables 3 and 4 summarize the properties of the gases and eblideused for the simulation. At each
coupling event, fluxes and temperature on the blade skinateaged as described in Fig. 1. During this
work, only a steady state solution within the solid was sawghthat time consistency was not ensured
during the coupling computation. The converged state iqinbtl with a two step methodology which
consists in:

1. Initialization of the coupled calculation that includes

e athermal converged adiabatic fluid simulation,
e a thermal converged isothermal solid computation with lolaup temperatures given by the
fluid solution,
2. Coupled simulation.

Convergence is investigated by plotting the history of ttaltflux on the blade (which must go to zero) and
of the mean, minimum and maximum blade temperatures. FigntiOFig. 11 show these results for two
variants of the PCS strategy. In the first one, fluxes and testyre are exchanged at each coupling step
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Thermal Heat Density Thermal Time Time
conductivity capacity diffusivity — scale, step
0.184 1450 1190 1.0710~7 3422 1.711073

Table 4 : Solid characteristics for the blade cooling case (S| unif)e time scale is computed using the thermal
diffusivity and the blade minimum thickness.
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Figure 10 : Time evolution of minimum and maximum temperatures in thaeb{left) and total heat flux through the
blade with (solid) and without (dashed) relaxation.

while for the second one, relaxation is used and temperanadluxes imposed at each coupling iteration
n are written asf™ = af" ! + (1 — a) f** wheref"* is the value obtained by the other solver at iteration
n anda is a relaxation factor (typically = 0.6). Without relaxation, the system becomes unstable and
convergence almost impossible.

At the converged state, the total flux reaches zero: the flterimg the blade is evacuated into the cooling
air in the plenum and in the holes (Fig. 11). Note however thatanalysis of fluxes on the blade skin
shows that, even though the blade is heated by the flow on Hesye side, it is actually cooled on part
of the suction side because the flow accelerates and cools diothis side. Due to the acceleration in the
jets, heat transfer in the holes and plenum are of the sanee. &@dmpared to the external flux, plenum and
hole fluxes converge almost linearly. Oscillations in thieaxal flux evolution are linked with the complex
flow structure developing around the blade.

At the converged state, results can be compared to the exgetrin terms of pressure profiles on the blade
(on both sides) and of temperature profiles on the presstee Biressure fields are displayed in terms of

isentropic Mach number&/;; computed by
PN
(%) - ©

where P{ and P! are the total pressure of the main stream and at the wall. 1Riglisplays an average
field of isentropic Mach number obtained by LES and by the erpent. The comparison of the adiabatic
simulation and the coupled one shows that these profilesdyev@akly sensitive to the thermal condition
imposed on the blade. Although the shock position on theéaustde is not perfectly captured, the overall
agreement between LES and experimental results is fair.

Temperature results are displayed in terms of reduced tetye© = (T — T') /(T2 — T}) whereT? and

T} are the total temperatures of the main and cooling streaaisg®) and’ is the local wall temperature.

© measures the cooling efficiency of the blade. Fig. 13 showasorements, adiabatic and coupled LES
results for® spanwise averaged along axis x. As expected, the coolimigeffly obtained with the adiabatic
computation are lower than the experimental values: thabadiic temperature field over-predicts the real
one. The main contribution of conduction in the blade is wuee the wall temperature on the pressure
side.

The reduced temperature distribution on the pressure BigeX4) shows that the peak temperature occurs
at the stagnation point (reduced abscissa clogB.tdrhe temperature at the stagnation point is reduced
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Figure 11 : Time evolution of heat fluxes through the blade: external @akid line),plenum (dashed), holes sides
(dot), sum of all fluxes (dot dashed).
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Figure 12 : Isentropic Mach number along the blade. Solid line: coupléS, circles: adiabatic LES, squares:
experiment.
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Figure 13 : Cooling efficiency® versus abscissa on the pressure side at steady state. Désbeddiabatic LES,
solid line: coupled LES, symbols: experiment from UNIBMWitjeed dashed lines: position of the holes.
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Figure 14 : Spatial distribution of reduced temperatuten the pressure side of the blade. The computational domain
is duplicated one time in the z direction.

compared to the adiabatic wall prediction, leading to locdles off of the order 0f0.2. The thermal
effects of the cooling jets on the vane are clearly evidefgeBig. 14. JeB seems to be the most active
in the cooling process by protecting the blade from the hefash until a reduced absissa®$ and then
impacting the vane betweéyb and0.6.

The reduced temperature obtained during this work ovemeastis experimental measurements. In partic-
ular, the strong acceleration caused by the blade induge thermal gradients at the trailing edge. This
phenomenon not well resolved by the computations leads wngphysical values of cooling efficiency.
Nevertheless, these results have shown a very large s@gdibi multiple parameters, not only of the cou-
pling strategy but also of the LES models for heat transfenaall descriptions. Additional studies will be
continued after the summer program.

IV CONCLUSIONS

Conjugate heat transfer calculations have been perforimetvb configurations of importance for the
design of gas turbines with a recently developed massivatgliel tool based on a LES solver. (1) An
unsteady flame/wall interaction problem was used to askegs¢cision of coupled solutions when varying
the coupling period. It was shown that the maximum coupliegqa that allows to well reproduce the
temperature and the flux across the wall is of the order ofrtiedlest time scale of the problem. (2) Steady
convective heat transfer computation of an experimental-éboled turbine vane showed how thermal
conduction in the blade tend to reduce wall temperature epetpto an adiabatic case. Further studies on
LES models, coupling strategy and experimental conditamesneeded to improve quality of the results
compared to the experimental cooling efficiency.

The help of L. Pons from TURBOMECA and of the AITEB-1 and AITEB:onsortium to have access to
the experimental results is gratefully acknowledged.
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