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Abstract

Advanced near-wall Reynolds-stress modelling is applied to the stall of a
subsonic ow-through nacelle and a transonic powered engine. For both ows
the simulations provide improved predictions of separation onset compared to
conventional turbulence models. In the subsonic stall case, mean- ow predic-
tions at very high angles of attack su er from too low Reynolds-stress levels
in the separated region, which can be partly cured by an RSM-based hybrid
RANS/LES approach. In the transonic stall cases, industrial coe cients for
the inlet distortion are computed in satisfying agreement with measurements.

Nomenclature

Co Static pressure coe cient

d Nacelle diameter, m

Hi Boundary-layer shape factor

K Turbulent kinetic energy, ne/s?

| Nacelle length, m
U;V;W Mean velocity components, m/s
oy Reynolds-stress tensor, Ats?
Angle of attack,
m,oh Total and homogeneous dissipation rate, ffs3
Circumferential nacelle angle,
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1 Introduction

Flow separations in engine inlets cause disturbances in the on ow thd& subsequent compres-
sor stages and may therefore a ect the stability of the core enggh Numerical simulations of a
powered engine in crosswind showed the di culty to predict such distrtions using conventional
RANS turbulence models(]1]. In order to improve predictions of stallignomena in the design
phase, advanced turbulence closures such as Reynolds-stresslets (RSM) gain relevance [2],
but they still require validation with the aid of suited experimental dda.

Within the joint DFG-FOR1066 project, a speci ¢ validation experiment on a stalling ow-
through nacelle in a low-speed wind tunnel was conducted which prdes high-quality mea-
surements of ow- eld details using non-intrusive particle image velametry (PIV) methods [3].
However, the ow-through setup neglects the transonic ow e ets which are encountered in
real ight conditions of powered engines. Therefore, the validatiostrategy for the RSM-based
modelling developed in DFG-FOR1066 is extended here from purely solnic inlet ow [4] to
the transonic stall of a powered engine. Suited but less extensivaligation data is obtained
from o -design studies on the LARA nacelle[]5], including industrial degn criteria such as
peak Mach-numbers at the inlet lip and distortion coe cients of the &n on ow.

Both the sub- and the transonic inlet stall cases are computed witthe DLR-TAU code [§],
using a recent variant of the near-wall JHh-RSM[7], [2] as well as\ahced transition modelling
[8]. Moreover, a rst application of this approach in the framework ba hybrid RANS/LES sim-
ulation [9], [10] to the ow-through nacelle is described, which takesdaantage of scale-resolving
methods for the strongly separated inlet ow at higher angles of tck.

2 Numerical Method

The simulations conducted in this work use the unstructured nitevolume ow solver DLR-

TAU [B6] for the compressible mean- ow and turbulence equations.t provides second-order
accuracy in space, applying a central scheme with matrix dissipaticand preconditioning for
the low-speed ow-through nacelle and an AUSMDV upwind schemerfthe transonic LARA

ow case. Implicit dual-time stepping with second-order accuracy igerformed for the unsteady
simulations (URANS/DES). The physical modelling is brie y outlined as bllows.

2.1 Low-Reynolds JHh-v2 Reynolds-Stress Model

The JHh-v2 RSM [2] is derived from the Jakirlc-Hanjalc-homogeeous RSMI[7] which applies
a length-scale-supplying equation for the homogeneous dissipati@ie "" and low-Reynolds
damping in order to accurately model near-wall turbulence. In th8Hh-v2, the Reynolds-stress
equations:

!
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apply a non-linear (i.e. quadratic) model for redistribution j; and a generalized-gradient
model for turbulent di usion Di‘j . An algebraic anisotropy model computes the homogeneous
dissipation-rate tensor"{j1 from the scalar value"". The latter is provided by an additional
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Besides a near-wall damping functioh-, constant coe cients C.; = 1:44,C., =1:85,C.3=0:7
are employed which partly deviate from the original calibration in([7]. The length-scale limiter
S, and the pressure-gradient terns.4 are additional source terms which sensitize the model to
non-equilibrium conditions. A more detailed model description is founoh [2].

For a consistent transition behaviour in low-turbulence environmes the JHh-v2 RSM is fur-
thermore coupled with a linear-stability-based modelling approach deribed in [8]. In addition
to an e\ transition-prediction method, the contributions of the 2D TollmienSchlichting waves
to the statistical Reynolds stresses are computed and inserted time RANS solution at tur-
bulence onset. As shown iri_[4], this approach ensures an insensitikansition and separation
behaviour of the low-speed inlet ow addressed in Secl 3, where&g tclassic point transition
would retain unphysical laminar ow.

2.2 RSM-based Hybrid RANS/LES model

To apply the JHh-v2 RSM in a general detached eddy simulation (DES}he (homogeneous)
dissipation-rate tensor is multiplied by the ratio of the RANS length sale to the hybrid length
scale of the respective DES-model, i.e.

|

nh — uh RANS .

ij, DDES =™ j [ ' (3)
hyb

In the present study on the low-speed nacelle ow, the hybrid lengtscale is provided by the
algebraic delayed DES approach (ADDES)[9]. It uses the basic deldy®ES de nition for Ipyp:

lhyo = Irans  fa Max(0;lrans  Coes) (4)

but replaces the delay functiorf 4 by a combination of algebraic boundary-layer criteria, which
are evaluated along wall-normal lines. In particular, the boundariayer thickness is computed
via the g9 criterion in order to fully shield attached boundary layers from soailed modelled-
stress depletion {4 = 0). On the other hand, the interface to the LES region is placed @& the
separation point or line, which is detected based on the boundaryykx shape factoH ;, via the
criterion Hi, > H 124t . The critical shape factor to determine separation requires caliétion
for the respective RANS model and takes a value 6fi,.iy = 3:2 for the JHh-v2 RSM.

In the LES region ¢4 = 1), Eq. (&) reduces toln, = Cpes , where is the maximum local
grid spacing andCpges is a model constant, calibrated apes = 1:1 for the JHh-v2 RSM.
Moreover, its low-Reynolds modelling is explicitly deactivated in the LESegion in order to
avoid excessive damping of the sub-grid stresses. More details fanend in [10].

3 Subsonic Flow-Through Nacelle

In order to acquire high-quality validation data on inlet separation, aspeci ¢ wind-tunnel
experiment on a subsonic ow-through nacelle at stall conditions vgaperformed within DFG-
FOR1066. As the ow-through setup is restricted to much lower mes- ow rates and velocities
compared to realistic ight conditions, the aerodynamic design of # axisymmetric nacelle
geometry was aimed to mimic the stall behaviour of a powered engifl].

The experiments were performed in the Atmospheric Windtunnel Mich (AWM) at an on ow
Mach number of 0.11 and a Reynolds number of34 10° based on the nacelle length. To avoid
premature laminar ow separation in the inlet, a carefully-designed ethod to trip transition
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Figure 1. Photo of the experiment on the ow-through nacelle andarresponding numerical
mesh (left); sensitivities of the surface pressure in the lower cuttion around =0 (right).

at the leading edge was applied. Permanent ori ces spread acrog® thacelle's circumference
are fed with a suitable mass ow and thus ensure reproducible measment conditions. The
sensitivity of the inlet ow to changes in the experimental setup wasnalyzed thoroughly to
provide a high-quality an up to now unique validation data basis. The wohtunnel experiments
yield information about the topology of the separated inlet ow and omprise oil ow pictures,
static pressure measurements as well as di erent kinds of PIV na&aements|[3]. The dynamics
of the separated inlet ow are captured by employing unsteady pssure transducers and time-
resolved PIV measurements.

Due to blocking e ects caused by the wind-tunnel model installatianshown in Fig.[1 (left), an
angle-of-attack correction of the measurement data is requireehen comparing to simulations
in free- ight conditions. This was rst observed in RANS studies of he isolated nacelle with
far eld boundaries at = 0 , which yield a signi cant and systematic o set to the measured
pressure distribution, see Figl]1 (right). Besides including the wintinnel walls and the model
support in the simulation as shown in Fig[ 1l (left), the error could alsbe reduced by increasing
the angle-of-attack by ~ =1:5 in a much less expensive far eld simulation, see Fig.1 (right).
This -correction was later broadly con rmed by PIV measurements ang therefore applied
to the experimental data in the validation of the simulations with far eld conditions.

3.1 RANS Simulations of the Stall Process

The (U)RANS simulations of the nacelle ow were performed on a hyi mesh with 4.95 mil-
lion grid points for the symmetric half model in far eld conditions, whit was shown to yield
low discretization errors in a preceding re nement studyi [4]. Througput the attached ow
regime up to at least = 19 , a variety of di erent turbulence models were found to agree
equally well with measurements. Therefore, the present validatios focused on the onset of
separation and the subsequent development for further incressangle of attack. Apart from
the JHh-v2 RSM with transition prediction and modelling as described ifsec.[2, the original
RSM variant JHh-v1, which was initally used as standard model within BG-FOR1066, and
the well-known Menter ki SST are used as reference. All other aspects of the numericalpe
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Figure 2: Pressure distributions in the lower cut section of the owhrough nacelle.

correspond to earlier investigations of this ow[]4].

Figure [2 depicts surface-pressure distributions in the lower inlet tgection =180 around
separation onset, which is indicated by the formation of a pressuptateau and a reduced suc-
tion pressure at the nose. In contrast to the SST model, which shie a drastic break-down
of the suction peak already at = 22:5, both JHh-RSM variants mostly retain the pressure
distribution up to this point. However, also the JHh-vl RSM separas somewhat too early as
indicated by an incipient pressure plateau at = 22:5, whereas the experiment features no
such behaviour until =245 .

Only the recalibrated RSM variant JHh-v2 roughly follows the experirantal trend and delays
separation onset until =24 . This is achieved by a reduced net-production of turbulent dissi-
pation in adverse pressure gradients compared to the JHh-v1l RSMhich results in somewhat
higher levels of stabilizing Reynolds stresses in boundary layers apgching separation[]2].
However, from = 24:5 onwards a slight but increasing overestimation of both the pressur
plateau and the suction-peak reduction is observed in Figl 2. This igrther studied by com-
paring computed mean streamlines with experimental oil- ow visualizeons in Fig. [3. Unlike
the JHh-vl RSM in [4], the JHh-v2 RSM is not only able to qualitatively repoduce the mea-
sured \owl-eye\ separation pattern in the inlet, but also roughly mé&ches its size at the same
(corrected) angle of attack. However, the computed separatigpattern grows a bit quicker than
measured and forms a secondary vortex pattern with an out-plane saddle point at =25 ,
which is not indicated by the experiment (including higher angles of adck not shown here).

Figure 3: Oil- ow pictures and results of the JHh-v2 RSM (mean pressire and streamlines).

ol
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Figure 4. Mean streamlines and Reynolds shear stress in the symmgtlane from computations
(left) and measurements (right). The isolineU=U;, = 0 marks the recirculation region.

Recent stereoscopic PIV (SPIV) measurements in the symmetrygme of the lower inlet region
allow a more detailed analysis and assessment of the modelling apploadote that separation
onset was found to be sensitive to the experimental setup and isifséd to somewhat higher
angles of attack in the SPIV measurements. Thus, for a "fair\ agssment of the simulation,
the results in Fig.[4 should be compared at a similar separation size, iathis indicated by the
isoline U=U, = 0. Nonetheless, comparing =25 from the simulation with = 25:5 from
the experiment, the JHh-v2-RSM URANS underestimates the maxiom magnitude of (nega-
tive) turbulent shear-stress by roughly 30 %. While the experimerbcates this maximum close
to the circulation centre and forms a nearly symmetric separationubble, the simulation shifts
the vortex core upstream and delays closure of the bubble. Moweo, the JHh-v2 RSM at
= 25:5 yields a further reduced magnitude of the Reynolds shear stres#ich also appears
to be smeared over a wider region. This may be attributed to the laegscale unsteadiness of
the later separation encountered in the URANS computations.
Brie y summarized, the updated JHh-RSM-based simulation apprazn is able to capture sep-
aration onset in the subsonic inlet ow close to experimental unceaainty. At higher angles of
attack, though, a too low level of turbulent shear stress in the parated area causes deviations
from the measured ow topology.

3.2 Hybrid RANS/LES Simulation at Stall

As described in the previous section, the remaining de ciencies ofetltRSM-based URANS
approach are mainly associated with the underpredicted level of Relds-shear stress in the
separated ow region. This corresponds to ndings on other owgvolving massive separation,
such as URANS simulations of a backward-facing step in [10] which shdelayed reattachment
for the JHh-v2 RSM. However, applying the JHh-v2 RSM within a hybd RANS/LES ap-
proach clearly improved the Reynolds-stress onset and the segawn size behind the step[10].
The same approach is adopted here to assess its potential for saiic inlet stall.
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Figure 5: Shape-factor-based separa- Figure 6: RANS/LES-sensor function at separation

tion criterion in the nacelle for a JHh-  point based on the RANS solution from Fig[5 (top);

v2-RSM RANS solution at =245 . mean streamlines and Reynolds shear stress com-
puted with JHh-v2 ADDES at =25 (bottom).

In order to account for the characteristics of the pressure-inded separation from the smooth
inlet surface, the RANS/LES regions are de ned using the algebraelayed DES (ADDES)
described in Sec.[[2]12. As shown in Figl]l 5 for a steady RANS solution at= 24:5, the
separation criterion based o1, > H 12t = 3:2, which was originally designed and calibrated
for plane 2D ows, works remarkably well in detecting the footprintof the 3D recirculation
in the inlet. The laminar separation bubble near the leading edge is caped as well, but
resolving laminar-turbulent transition via LES is not subject of the pesent study. Therefore,
in the actual ADDES computation this region is manually xed in RANS male and modelled
the same way as in the URANS simulations (see Séc.13.1). AccordingHig. 6 (top) the AD-
DES sensor functiorf 4 from Eq. (4) safely keeps the attached boundary layer in RANS med
(fg = 0), while an abrupt switching to LES/DES mode (4 = 1) occurs close to separation
onset. Note, that the pronounced near-wall RANS-mode regioro@nstream of the separation
point is only present in this intermediate computational result just &er initializing the transi-
tion from URANS to LES and will reduce during the unsteady ADDES cmputation.

Apart from being doubled w.r.t to the symmetry plane, the same meshs in the (UYIRANS
studies is applied. Though probably not providing su cient resolutionin all resolved ow areas,
the crucial lower inlet region can be considered to meet the basic veg@ments of a DES (i.e.
mostly isotropic cell spacing). Accordingly, the time step of t U; =1 =6:25 10 * is adjusted
to locally ensure a convective CFL number below 1 in the separatedear

A single hybrid simulation is performed at =25 which not only combines advanced Reynolds-
stress modelling with a novel algebraic DDES, but also includes the linestability-based tran-
sition prediction and modelling approach as described in Sec.]2.1. Dwethe high computa-
tional costs the simulation time is con ned to 8 convective time unitS s, = I1=U; , providing
a limited but su cient statistical certainty for a rst validation.
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Figure 7: Mean pressure and streamlines (left) and Figure 8: Mean surface pressure distribu-

turbulent structures coloured by spanwise velocity tion in the symmetry plane at =25 .
uctuations (right), JHh-v2 ADDES at =25

Results of JHh-v2 ADDES

Evaluating the time-averaged ow at the end of the JHh-v2-ADDEScomputation, several sig-
ni cant di erences are observed in comparison to the URANS residt Although the separation
size at =25 is approximately retained, the Reynolds shear stress in the symmefplane in
Fig. 6 (bottom) reaches signi cantly higher levels than the corresmnding JHh-v2-RSM URANS
simulation shown in Fig.[4. As a consequence, the recirculation centis shifted downstream
and is divided into a pair of neighbouring vortices. It may be expectedhough, that these two
vortices would merge after a longer statistical averaging time. In ‘dair\ comparison to the
experiment at a similar separation size, i.e. =25:5 for PIV in Fig. ] the JHh-v2-ADDES
result agrees quite well with the measured mean- ow topology andeinolds-stress distribution.
The still slightly underestimated resolved shear stress might be ther increased using a ner
grid resolution in the LES region. A qualitative assessment of the irmttaneous Q-criterion
in Fig. [[ (right) shows a substantial amount of turbulent structues in the separation region.
Neither here, nor in the Reynolds stress in Fid.l 6 (bottom), a sodbed "grey area\ of delayed
transition from modelled to resolved turbulence is noticed, which isteh observed in incipient
pressure-induced separation [10].

According to the mean surface streamlines in Fidl 7 (left) the full 3Idacelle computation also
converges to the owl-eye separation pattern observed in the expnent (see Fig.[B). However,
due to the limited averaging time, a fully symmetric mean solution has nget been reached.
Unlike the URANS simulation at = 25 with its questionable secondary vortex formation (see
Fig. [3), only a single saddle point is formed near the symmetry planehih sensibly con nes
the primary vortex pair on the surface. Note that this saddle points slightly shifted outwards
in Fig. [7 (left) due to the mentioned asymmetry. Finally comparing thenean surface pressure
at =180 in Fig. 8, the underpredicted suction peak of JHh-v2 RSM is not impked by the
ADDES approach. However, both the size and the qualitative trendf the measured pressure
plateau in the separation area match slightly better.
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Figure 9: Geometry and numerical mesh for the LARA-nacelle simuianhs.

4 Flow Simulations of the Transonic LARA Nacelle

To assess the RSM-based simulation method for transonic inlet stathe ow around the
laminar- ow nacelle LARA is computed and compared to experimentss]. Suited measure-
ment data were obtained from o -design studies in realistic ow contlons w.r.t. Reynolds
number and mass- ow rates, which could be realized in the presswe® Onera-F1 wind tunnel
by mounting the nacelle model on a suction duct. In particular, thex@erimental setup from
the measurement series LOT202 is selected which simulates the calistarting phase of an
aircraft with maximum thrust (\rolling take-o ") and exhibits intern al inlet separation at high
angles of attack. Despite a mostly incompressible on ow witMa = 0:27, the ow is strongly
accelerated by the suction ow-rate ofdm=dt 41 kg/s (for the full 360 -model) and reaches
locally supersonic speed near the lower inlet lip. The Reynolds numbeaded on the inlet
diameter d slightly varies throughout the experiment aroundRey =5:3 10°.

The measurement data comprise static surface pressure on treelle contour as well as total
and dynamic pressure in the (virtual) fan plane at various circumfential angles . The latter
were used to derive distortion coe cients of the fan on ow, which & an important industrial
measure to estimate the impact of the disturbed inlet ow on the ca engine.

The (U)RANS-based simulations employ the JHh-v2 RSM and the Meet SST model for ref-
erence. The considered geometry includes a central body, whichswresent in the experiment,
whereas details of the instrumentation and the suction duct are gkected. Instead, an engine-
in ow plane is de ned at the end of the central body, and the outecontour downstream of the
nacelle lengthl is extended by a cylinder, see Fig.l 9. The hybrid hexahedral/tetraural mesh
shown in Fig. [9 contains about 3.3 million grid points in total. Far eld condgtions at a su -
cient distance from the nacelle con ne the ow domain, while TAU's enge-in ow boundary
condition with xed mass ow is applied at the in ow plane to obtain the given ow rate. The
angle of attack is gradually increased from =20 to 34 .

4.1 Results

A general overview on the ow topology for the computations with he JHh-v2 RSM is given
in Fig. [IJ which shows surface streamlines and distributions of the igepic Mach number
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Figure 10: Isentropic Mach-number distribution and surface steanlines on the LARA nacelle
computed with the JHh-v2 RSM.

on the inlet contour. Due its careful aerodynamic design the ow infte nacelle remains fully
attached even beyond = 30 . First local separations are not observed until = 33 , where
both a shock-induced separation at the leading-edge and a reciaiion zone at the engine-
in ow are formed right next to the symmetry plane, see Fig. 10, leftJust slightly increasing
to 335, the ow breaks down to unsteadiness and forms a pronouncedpseation pattern
with a reduced supersonic region, see Fig. 10, right.
Figure 11 compares computed and measured surface-pressus&itutions on the nacelle con-
tour in two cut sections of the lower inlet region. Apart from few locldeviations, the JHh-v2
RSM computations agree very well with measurements up to= 33 . This includes the loca-
tion and strength of the shock at = 30 and above, which is visible in the lower cut section
= 180 around x=Il = 0:05. The separation onset at = 33:5 observed in Fig. 11 results
in a sudden drop of the leading-edge pressure minimum and breakathoof the shock in the
temporal mean. Although the experiments show a similar behaviout,occurs by about half a
degree later ( = 33:9 ) and appears somewhat less pronounced, when comparing the H#h
RSM results at = 33:5 with the measurements at = 33:9.
From an industrial viewpoint, simpler global measures are prefeddo characterize the state of
the disturbed inlet ow. Exemplarily, the development of the peak Mah numbers at the inlet
lip and the so-called distortion coe cients DCsp=129 are considered here.
Similar to the pressure distributions, the maxima of the (isentropicMach numbers in Fig. 12,
left, agree very well with the experiment up to separation onset at = 33:5. The following
sudden drop ofMayeak at =180 by about 40% roughly agrees with the measurements but
occurs by about = 0:5 too early, thus con rming the observations above. In all cut sec-
tions, the overall qualitative trends are matched well by the JHh-2 RSM simulations.
The distortion coe cients DC 4o and DC;,0 depend on the maximum di erence of the surface-
averaged total pressurgy;”between the whole fan plane and any possible angular segment of
either =60 or 120:

max B  Preo =120
DCeg=120 = q (5)

Third Symposium "Simulation of Wing and Nacelle Stall", 21s  t - 22nd June 2012, Braunschweig, Germany 10



|

P I o Exp.q = 1359

-10+ . Exp.q = 180¢
I JHh-v2 RSM

------------------------- Menter SST

————00—9

RN | e
03y, 04 0 0.1 0.2 03y 04

TR IR
0.2

Figure 11: Static surface-pressure distributions on the LARA-rt&lle contour at di erent cir-
cumferential angles .

The normalization is based on the surface-averaged dynamic pragsd in the fan plane. Thus,
both coe cients represent a measure for the total-pressure lssassociated with a disturbed
(e.g. separated) ow, while their ratio re ects the locality of the digortion. In the present
inlet ow, the mostly disturbed fan-plane segments are located in #lower inlet region around
=180 . Thisis due to the strong local pressure rise, see Fig. 11, which ledd a comparably
large boundary-layer thickening and eventually separation startgn near the symmetry plane,
see Fig. 10. Moreover, Dgy generally exceeds D, indicating a local concentration of the
distortion in that area.
Apart from a slightly underestimated DGso-value at = 20 , both distortion coe cients com-
puted with the JHh-v2 RSM follow the measurements remarkably wellp to =33 , see Fig.
12, right. Then, after rising by more than one order of magnitudeupt within =0:5, they
quickly settle on the higher level. The same behaviour is observed inetlexperiment half a
degree later, showing that not only the near-wall ow variables attie inlet lip, but also the
o -wall ow eld in the fan plane is captured by the JHh-v2 RSM simulations.
Although the overall trends of transonic inlet stall can also be cowed with the Menter SST
model, its results in Fig. 12, right, shows somewhat larger deviatioricom the experiments
than for the RSM. Besides a slight underestimation of both D§ and DC,,, prior to separa-
tion, the subsequent boost in the distortion level is shifted by anber =0:5 compared to
the RSM, consequently occurring about learlier than measured. This is also re ected in the
pressure distributions for Menter SST in Fig. 11, which shows a largéateau due to separation
already at =33 . Note, that this ¢, plot displays an instantaneous result of a time-accurate
simulation, illustrating the strong unsteadiness with Menter SST athis angle of attack.
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Figure 12: Peak Mach numbers at di erent circumferential angles (left) and distortion coef-
cients in the fan plane (right) of the LARA nacelle.

5 Conclusion

An extended validation of the near-wall Reynolds-stress modellingdeloped in DFG-FOR1066
was conducted with respect to inlet stall at di erent speed regimesin continuation of previ-
ous joint research e orts, the validation experiments on a ow-tlhough nacelle were taken as
reference case for subsonic stall conditions. The (U)RANS simutats with a recent variant of
the JHh-Reynolds-stress turbulence model and linear-stabilitydsed transition modelling was
found to predict separation onset close to experimental unceitdy, o ering further improve-
ments over an earlier RSM variant and the K- SST eddy-viscosity model.

However, in the later stages of stall the initially well predicted mearsw topology begins to
deviate from measurements. In comparisons with recent PIV dataom the experiment, this
behaviour could be traced back to underpredicted Reynolds shesiresses in the separated- ow
area. In a pilot application of RSM-based algebraic DDES (JHh-v2 ADES) to inlet stall, pre-
dictions of both the maximum Reynolds-stress level and the ow tagogy in the inlet could be
improved. Besides a successful veri cation of the algebraic RANSFES sensors of ADDES for
the three-dimensional separation pattern, another remarkablgbservation concerns the appar-
ent absence of a \grey area" between modelled and resolved tuldnce, which may otherwise
severely a ect the simulation accuracy. Overall, the hybrid RANS/IES modelling is considered
a promising extension of the RSM approach, but requires furtheew cation and validation.

In a complementary validation of the RSM-(U)RANS method for traisonic inlet stall, the o -
design experiments on the powered LARA nacelle were simulated. Theean- ow predictions
up to incipient stall are in similar agreement with measurements as féhe subsonic case, al-
though the improvement over the conventional K- SST model is less signi cant. The onset of
massive shock-induced separation is predicted by just about = 0:5 too early, which yields
very good reproduction of lip-peak Mach numbers and distortion eccients DC g, and DC5.
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