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Abstract method. The laminar boundary layer method and the

In order to enhace its capabilities to handle flows witheN-database method are forming a so called ‘transition
transition a RANS solver has been extended with regargrediction module’ that is coupled to the RANS solver
to the modeling of transitional flow regions based onand that interacts with the RANS solver during the
transition length models and the intermittency function.computatioﬁl'lz. Presently, the transition prediction
As the full coupling of the solver to arVemethod that module of FLOWer can be applied to 2-dimensional
predicts the locations of transition onset has not yet beeone-element configurations.
completed the points of laminar separation are supposethe description of transitional flow regions in FLOWer
to represent the transition locations in a first step. Ais done by the application of point transition, which
method and an algorithm for detecting the laminar sepameans that turbulence quantities which are supressed in
ration points are derived, the intermittency function andhe laminar part of the flow suddenly become active at
two transition length models are implemented and valithe location of transition onset. This procedure results in
dated at a selected high lift multi-element test case. Tha sudden change of the flow quantities around the loca-
paper focuses on the background of the implementatiotion of transition onset. Although due to the effects of
work and the testing of the functionalities of the algo-numerical dissipation a small transitional-like flow
rithms. Details of the implementation, which are conseregion is generated artificially, the sudden change of the
guences of an underlying transition prediction strategylow quantities is often strong enough to prevent the ite-
are outlined. The testing is described and documenteghtive transition prediction process to converjeln
by a number of commented plots. addition, the application of point transition comes along

1. Introduction with a strong upstream influence such that the transitio-

The modeling of laminar-turbulent transition in Reyn- hal-like flow region starts considerably upstream of the
olds-averaged Navier-Sokes solvers (RANS) is a necedtansition location. In 2-dimensional airfoil flows an
sary requirement for the computation of airfoils anduPstream influence up to 10% of the chord length of the

wings in aerospace industry, as it is not possible téirfoil can b.e observed. _
obtain quantitatively correct results, if the laminar-tur- The extension of the FLOWer code to avoid these two

bulent transition is not taken into account. For thedrawbacks - the restricted application of the transition

design process of a wing in aerospace industry exists tHg€diction module to 2-dimensional one-element confi-
demand for a RANS-based CFD tool that is able to autogurations and the application of point transition instead
matically and autonomously handle flows with laminar-Of the physical modeling of transitional flow - is cur-
turbulent transition. rently under way. The work is done in the European pro-
First steps towards the setup of such a tool were mad§Ct HiAer - High Level Modeling of High Lift
e.g. in 1 where a RANS solver and afenethod3 Aerodynam|c§ . In the HiAer project, the coupled pro-
based on linear stability theory and the parallel flowdram system is extended to 2-dimensional multi-element
assumption, were applied or fawhere a RANS solver, configurations and physical models for the computation
a laminar boundary layer methda@nd an &-method of transitional flow regions are introduced. The extended
were coupled. There, the boundary layer method wagode is applied to 2-dimensional high lift systems.

used to produce highly accurate laminar, viscous layefN€ extensions are performed in two steps. First, a gene-
data to be analyzed by a linear stability code. Such, thealized infrastructure in the FLOWer code with respect
very expensive grid adaptation necessary to produc® the transmqn predlctloq module is build up and testgd.
accurate viscous layer data directly from the NavierJ-€., the code is changed in such a way that the transition
Stokes grid was avoided. The use of dhdmtabase Prediction module can be activated in the future for arbi-
method results in a coupled program system that is abldrary multi-element configurations independent of thg
to automatically handle transition prediction. Alterna-Plock topology and the grid structure. Second, the transi-
tive approaches using a transition closure model or §0n prediction module is coupled to the generalized
transition/turbulence model directly incorporated intoinfrastructure. _ . _ _
the RANS solver are documented’if In the framework of this paper, the first extension step is
At the German Aerospace Center (DLR) the structureglocumented. Thus, this paper has the character of a pro-
RANS code FLOWeI? is used together with the lami- 9ress report. N o _

nar boundary layer methddand the &-database As up to now the transition prediction module is not yet

" Research Scientist coupled to the extended FLOWer code, the locations of
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laminar separation determined by the FLOWer code arf he implementations are independent of the block topo-
supposed to represent the laminar-turbulent transitiomogy of the computational grid and of the grid structure
locations in a first step. In many cases, this assumptiorfstructured, unstructured or hybrid grid).

leads to a good approximation of the real transitionFor the implementations necessary there are three the-
point. This may be the case for low Reynolds numbermatically different areas: the handling of the surface
airfoil flows when transition does not occur before the points of the configuration in order to build up a method
laminar boundary layer separates. which is independent of the block topology and the grid
As the term ‘transition prediction’ in this restricted con- structure, the detection of laminar separation and the
text is not accurate the verbalization ‘transition determi-generation of transitional flow regions in the code.
nation’ is used for the applied handling of points wheres 1 Handling of Surface Points

transition is fixed throughout this paper. ~ The complete coupled program system that will be used
The main objective of the perfomed work presented inqy transition prediction with the RANS solver FLOWer
this paper is to supply a reliably working infrastructure -qnsists of the RANS solver itsé® a laminar boundary

in a RANS code such that the RANS code together Withlayer method for swept, tapered wiﬁgﬁmd a transition
the transition prediction module described above can b%rediction method, which is provided with all necessary
used in the future for the computation of 2-dimensionaldata, e.g. boundary layer parameters, by the laminar
multi-element high lift systems of aircrafts including poyndary layer method. Besides a number of empirical
transitional flow regions. In order to achieve the new yransition criteria, the most general transition prediction
objectives in the FLOWer code the steps which have tayethod that is available in the FLOWer transition pre-
be done according to the first extension step are: diction module is an arNedatabase meth8d
*Implementing the capability to fix transition at the The RANS solver communicates the surface pressure
point of laminar separation in the RANS computation gistripution of the configuration as input data to the
*Implementing the capability to compute transitional |aminar boundary layer method, the laminar boundary
flow regions _ _ layer method computes all the boundary layer parame-
These two issues are the subjects of this paper.  ters that are needed for the transition prediction method,
A method and an algorithm for detecting the laminarne transition prediction method determines new transi-
separation points are derived and implemented into thgon |ocations that are given back to the RANS solver.
FLOWer code. For each element of a high lift configu- This coupling structure ends up in an iteration procedure
ration on the upper and lower side the laminar separafoy the transition locations within the iteration of the
tion point will be detected and the transition fixed there.gaANS equations.

The intermittency function and two transition length s a houndary layer method is an essential part of the
models are implemented and validated in a variety Ofcoupled program system there is a number of conditions
test computations at a selected high lift multi-elementhich must be fulfilled by the way of handling the sur-
test case. face points of the configuration during the iteration pro-
This paper focuses on the background of the implemengggg:

tation work and the testing of the functionalities of the .g5ch element of a multi-element configuration must be
algorithms. Details of the implementation, which are givided into an upper and a lower side. The point which

consequegclelslzof the underlying transition predictionyefines the division is the stagnation point on the airfoil
strategy*® 11-12are outlined. The testing is described surface.

and documented by a number of commented plots of theéThe surface points on upper and lower side must be

the transition length models. point and end at the trailing edge points of upper side or
2. Implementation lower side respectively.

FLOWer is a 3-dimensional, compressible RANS codesThe ordered sequences of points must not contain topo-
for steady or unsteady flow problems and uses structulogically singular surface grid points. This may happen

red body-fitted multi-block-meshes. The code is basedn the case that the surface of an airfoil is contained in

on a finite volume method and a cell vertex spatial dis-more than one block. The surface points on the block
cretization scheme and uses an explicit Runge-Kuttauts are topologically non-unique. Each physical surface
time integration scheme with multi-grid acceleration. point must exist only once in the ordered sequence of
The influence of turbulence is taken into account bypoints.

eddy viscosity turbulence models according to theTo fulfill these conditions the following steps can be
Boussinesq approximation. done:
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*The identification values of the surface points of eachThe geometric nose point belongs to both sides. For this
element are stored in an additional array. As these idenpoint it is set
tification values are integer values - the i-index, j-index ULFLG(Ps 10s0)) =0 . (2)
and k-index and Fhe block nu_mber in case of a structured\ ¢, face point on the upper side of the airfoil gets
solver or the point number in case of an unstructured _

. - . ULFLG(Ps ypgne)) =1, 3)
solver - integer arrays are sufficient for this purpose. All oup , L
the following steps are done using these new arrays. Thé Surface point on the lower side of the airfoil gets

identification values in the new arrays are used to adress ULFLG(Ps joufNe)) = -1 . 4)
the surface grid points and to have access to the flowAfter this step there exists an geometrical division of
variables at the surface points. each element into upper and lower side.

*Together with the additional arrays for the identifica- All pairs of points which are topologically non-unique
tion values one needs another integer array for indivi-are identified. One point of each pair and all trailing
dual information about each surface point of eachedge points get

element. This array contains information about the sin- ULFLG(Ps n{Nng)) = 2*sgn[ULFLG(Ps ,{ne)]. (5)

gle surface point and the ordered sequence of the sufy;ing the transition determination procedure surface
face points. This array is calledLFLG in this paper. points with

ULFLG stands for ‘Upper-Lower-Flag’ as it contains _
the ‘upper-lower’ status of the surface point. | ULFLG(PS(_nE)) =2 ©6)
are not taken into account.

Let Pg(ne) be a surface point of elemeng, 1< n.< N , ,
N being the maximum number of configuration ele- *For each element the surface points first on the upper

ments andJLFLG(P<(ny)) its ‘Upper-Lower-Flag’. ;ide anq t.hen on the lower side are ordergd accordir!g to
First, the ‘Upper-Lower-Flag’ for each surface point is 'S Euclldl_an Filstance from .thg geometric nose point.
initialized, The ordering is performed within the arr&L FLG(ny).
ULFLG(pS(ne))init =7 (1) After this step, the surface points of upper and lower
S . .’ side of each element are in an ordered sequence along
th?‘ value 7’ being just an arbitrary value for the intiali- o airfoil contour from a geometrical point of view.
zation.

. *During the transient phase of the RANS computation
*When the run of the RANS code starts, during they,q stagnation point is determined. The stagnation point
initialization phase, aa priori division of each element  yefines the aerodynamical division of each airfoil into
intq upper and lower si.de is perfc_)rmed. The division isupper and lower side and its location changes the num-
defined by the geometric nose point of each element angla ¢ nqints which belong either to upper or lower side.

by the rearmost trailing edge point of the element. Thegerytime when the stagnation point has been determi-
rearmost trailing edge point is the one that has the greaso the corresponding surface point gets
test co-ordinate value with respect to the chordwise ULFLG(P {n9) =0 7

S ,sta -V

direction of the element. The geometric nose point is the

surface point that has the greatest distance from the reaf-'€ Stagnation point has moved either into the area of
most trailing edge point. the former upper side or into the area of the former

The division into upper and lower side is easy for air- lower side. For all the surface points that are located bet-

foils with two trailing edges. In this case, the user canVeen the two _points which —are marked with
give in the co-ordinates of two points which define a YLFLG(Ps (ne) =0 the algebralc, sign must be
straight line that devides the airfoil into upper and lower €versed and the ‘Upper-Lower-Flag’ of the ‘old’ sta-

side. One point may be any point on a line betweerghnation point must be given the correct value. In the

upper and lower trailing edge, the other point may betaS€ that the ‘new’ stagnation point has moved into the

near the geometric nose point, for example, or the geo2€@ Of the former lower side

metric nose point itself. ULFLG(Ps ,sta&ne))md =1 (8)

For airfoils with one trailing edge the division should be is set, in the case that the ‘new’ stagnation point has

done automatically, a procedure that can be applied fomoved into the area of the former upper side

airfoils with two trailing edges too, of course. In this  ULFLG(Pg staé”e))md =1 (10)

case, it is necessary to approximate the mean line of thgy ¢et. '

airfoil. As a very weak condition for the quality of the «Finally, for each element the surface points between

approximation of the mean line it must be ensured that,e «oid’ and the ‘new’ stagantion point are ordered

all the points of the polygonial line that defines the 5ccording to its arc length along the airfoil contour mea-

mean line are located within the airfoil contour. sured from the ‘new’ stagnation point. The ordering is
again performed within the arrayLFLG(ng). After this
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step, the surface points of upper and lower side of eaciihe generation of the different regions is done by the
element are in an ordered sequence along the airfosetting of a real value flafig, at each point of the com-

contour from an aerodynamical point of view. putational grid that is multiplied with the value of the

The algorithm for the detection of laminar separationthe flow field.flg is applied in the following way for all
consists of two parts, the determination of the stagnatioin€ Points on solid walls of the configuration,

point and the determination of separation points. 1C9EPY = figy (P9 (P, (14)
The algorithm itself does not make a distinction bet-with flg,(Pg) = 0.0 for a laminar surface poinflg;(P9
ween laminar and non-laminar separation points, it sim= 1.0 for a turbulent surface point arftl;(Pg) = y(Ps)

ply detects separation points. But from the globalfor a transitional surface poiny(Pg) being the value of
strategy for the transition determination iteration it is the intermittency functioy at surface poin®g,

clear that always when the algorithm is interpreting aThe laminar length on upper or lower side of an airfoil is
separation point as a transition point it must be a laminadefined by the interval between the stagnation point and
separation point. This is the case only when a separatiothe transition point on the sidg with g = u, | indicating
point is located upstream of the actual transition point,either the upper or the lower side of the airfoil,
i.e. the transition point that is currently dividing the air- 0 < Sy < Sq’trbeg, Sy being the arc length on the side
foil side into a laminar and a non-laminar part at this starting at the stagnation point. The turbulent length is

stage of the transition location iteration. defined by the interval between the ending point of the
The stagnation point is defined as the surface grid pointransitional region and the trailing edge point on sigle
where the maximurg,-value is found, and it holds Sy 5y <5, and the transitional length is the
cp (Ps sta§ne) = max [ & (Ps(ne) 1. (11)  interval between the transition pokljrézJ and the ee;gdmg
S point of the transitional regionsyy < Sy<Syu

After the division of the current airfoil into upper and The different intervals are depicted in fig.1.
lower side has been done, the algorithm is looking for ay is expressed as

separation point, first on the upper then on the lower y(x)=1 -exr(-o.412£2), (15)
side. The search is starting at the stagnation point fowith
each side of the airfoil and ends at the corresponding & = (x - )grbe% /A (16)

trailing edge point. The existance of a separation poingccording to'®, x being the longitudinal co-cordinate of
rsep IS definded by the following condition with the 4 flat plate with its origin located in the upstream end of
position counteii, that counts the surface points from the plate and being a measure of the extent of the tran-

the stagnation point to the trailing edge point, the tan-sitional region. According td3, the ending point of the
gential velocity vectow, at the first grid poinP® apart  transitional region,*"dcan be defined as

from the .sollid wall of Fhe (ali)rfoil, the_dire(%ion vector xtrendz x(y = 0.99) (17)
Ariyq ; pointing from pointP'™;,; to pointPYY;, Arj, g ;
= r(Ptl)Hl) - r(PM) and ‘+* indicating the scalar pro-

duct between vectors: .
Q) _ @ For the determination of the extent of the transitional
Sgn[vt (P i).Ari+1,i ] - Sgn[vt (P i+1)°Ari+l,i ] (12) regiOnAXtr - Xtrend_ )Qrbegthe formu'as frorﬁ-G,

U It does not exist a separation poigtyin the closed ~ 3/4
interval between the surface poiftg; andPg ;1. Réyy, = 5:2(Re e (19)

. tr .
sgnv ( PM)ear,q 1 # sgniy (PM,1)Ar, ;1 (13)  for flows without pressure gradient, and

U It exists a separation poimnge,in the closed interval ReAXtr = 2.3(R%* beg)3/2 (20)

between the surface poirig andPs vy~ for flows with pressure gradient, are applied, as it is
In the case that the detected separation paigs loca-  recommended it for flows in which transition does
ted upstream of the transition point currently used,  not occur before laminar separation, which is the case
is a laminar separation point and surface pdtliis  for all computations whose results are presented in this
used as new fransition location on the correspondingaper due to the underlying way of determining the tran-
side of the airfoil. sition points by fixing transition at the locations of lami-
2.3 Generation of Transitional Flow Regions nar separation. In these formul&e is the Reynolds

In the case that a new transition location has been deterumber and” = & (x) the displacement thickness,

which yields
A= (%" %289 /3.36.. (18)

mined the laminar, transitional and turbulent flow regi- 3(x) (pU)(Y)
ons must be generated anew within the computational 5 (x) = Io %—p—u—%iy : (21)
grid. e-e
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The thickness of the laminar boundary lagewvas eva- < fully turbulent {1}

luated according to a procedure describedl. ifihus,8  « prescribed (fixed) point transition 2}
andp, andUy, the values of the density and the tangen-+ determined transition, point transition {3}
tial flow velocity at the boundary layer edge, could be ¢ determined transition, transition length (a) {4}(a)
determined. « determined transition, transition length (b) {4}(b)

For the application in the RANS solver tkeo-ordinate 3 2 Results

in the formulas is replaced by the arc Ien91_|$q,trbe9is Fig.3 shows the convergence history of the computati-
glv%rr}dt_)y the Ioc_at|on of a laminar separation point a_”dons of cases {1}, {2}, {3} and {4}(a). For all computati-
Syt is determined by formula (a), bgsed on equationgns with transition a 3-level multi grid method was
(20), or formula (b), based on equation (19), respecypplied, the fully turbulent computation had to be run in
tively. Formula (a) reads . single grid mode. All computations with transition con-
d e 2 b verge gatlgfactonly fast. _For the runs .Wlth tr§n5|t|on
qutren @k23 Cv O beo ﬁs D] * Sqr ®, (22)  determination the flow field was initalized with the
€ Tau » solution of the fully turbulent computation after 15,000

formula (b) rea;;u -i be g RANS cycles. The fully turbulent computation needs
sq,tre”d(bES.ZDDv—e& v (Sqtr ) +5547%9,(23)  about 70,000 cycles to converge. The attempt of a pre-
e Sqtr conditioned computation did not succeed as the density
and the intermittency functionis applied in the form  residual leveled out at an order of magnitude 6f.10
O O s g Deg 70 In this context, a computation is considered to be con-
Y(sy) =1- eXpE'O-“%?’-%qd—q'trbD H(24) verged in the case that the value of the lift coefficignt ¢
a 0 s o -S, o oo does not change anymore at least before thedcimal

digit and the value of the drag coefficienj does not
change anymore at least before tHed@cimal digit.
Fig.4 and fig.5 show the convergence history of the
transition locations applying point transition and for-
mula (a). For all three elements of the configuration, the
%ngitudinal co-ordinates of the separation locations are
dpIotted versus the RANS iteration cycles. Laminar and
non-laminar separation locations were plotted. The
laminar separation locations are marked with square
symbols, the non-laminar separation locations are not
marked. All laminar separation points have been set as
transition locations on the upper sides of the elements.
- hst The procedure starts with initially set transition locati-
floy(Pr) = flg(Ps™ (Pg) ) - (25)  ons at the trailing edges of all elements. During the com-
By this treatment, a laminar and a transitional zone forpytation the laminar separation points are moving from
the current element is generated within a turbulent resthe trailing edges towards the nose of each element.
of the computational grid. A partitioning into a pure Because of the high angle of attack this happens on the
laminar zone within a turbulent rest of the flow domain ypper sides only.
(point transition) is shown in fig.2. All the steps of this |n both cases, the laminar separation stops near the ele-
procedure must be applied subsequently to all elementgent’'s nose on all three elements. In the case of point
Ne, 1< ne< Ng of the configuration for which transition transition, the non-laminar separation vanishes on slat
determination is performed. The order of the elementsand main airfoil and moves back the trailing edge of the

The compuational tests will show that only formula (b),
based on flat plate theory, will yield results which com-
pare well enough with experimental findings.

After all the surface points on upper and lower side of
an airfoil have been assigned to either the correspondin
laminar, turbulent or transitional interval, the field
points - all points apart from the solid walls - are treate
in the following way:

Within a limiting wall normal distance that can be adju-
sted by the user of the code every fidd point assu-
mes the flag value of the surface poiRt™! that is
located nearest to,

within the procedure is irrelevant. flap. In the case of formula (a), a non-laminar separation
3 Computations point remains directly downstream of the transition
3.1 Test Case point of the main airfoil and the flap. On the slat, the

The test case used to investigate the functionality of thenon-laminar separation vanishes after about 1600
algorithms is the 2-dimensional A310 3-element landingRANS cycles.

configuration consisting of slat, main airfoil and fidp ~ The transition locations which existed during the experi-
The turbulence model used is the Spalart-Allmaras 1mental measuring of the configuration are plotted as
equation transport model with Edwards modification black circular symbols on the surface of the elements.
and the following different computational cases haveThe transition points on slat and flap have been determi-
been performed: ned using an approximate computational transition pre-
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diction method. The transition point on the main airfoil {2}. The difference between the ‘numerically’ simula-

is the position of a transition band which tripped the ted transitional region in case {3} (upstream influence)

bounday layer in the experiment. The differendeg and the physically simulated transitional region in case

between the ‘experimental’ and the computed values of4} is remarkably. The physically simulated transitional

the transition locations are given as region is almost as twice as long as the computed transi-
DXy = X S0P %, &P (26) tional length given by the model.

in the figures. For the locations of free transition on slat!n fig-15 one can clearly see the difference caused by the
and flap both cases yield very good results. different transition length models. For formula (b), the

In the next figures, the convergence histories of the tran{ransitional separations on main airfoil and flap directly
sition locations are shown in a blow up for the main air- downstream the transition points that existed for for-

foil, fig.6-7, and the flap, fig.8-9 with the corresponding Mula (&) do not appear.
surface friction distributionsc,. The regions on the [N the table following below, a summary of the compu-

upper sides of the elements which are marked with ded force coefficients is given. The differences between

black line indicate the domains in which the separationtV0 force coefficientsc, ; and ¢, were determined

locations - laminar and non-laminar - are moving to andccording to
fro. In fig.7 and 9 the non-laminar separation regions A= (Ck2- G 1)/Ck 1, K =1.d (27)
downstream of the transition points are clearly visibleand give an impression of the integral effect of the diffe-
on main airfoil and flap. rent modelling levels. The valueg ; andg , are taken
Fig.10 and 11 show the distributions fi§); along the  from two consecutive lines of the table, where the index
upper sides of the surface contours of all elements andl’ indicates the upper line and the indeX the lower
thus the computed transitions lengthgge, resulting  line.

from formula (a) and formula (b). Formula (a) yields
values between 12% and 15% of the corresponding elet
ment’s chord length - as given in the figures - , which
are much greater compared to experimental findings in
which values between 3% and 5% are usual. Formulg
(b), however, yields the expected magnitude of the| trans, fixed, let + Cdft -

C Cy AC| ACd

fully A A

turbulent, ft counts|| 4°% | -10%

values of the transition lengths and prevents the transi point 0.1953| 130.5 (| ¢ 496 0.7%
tional separations directly downstream of the transition 0 ﬂ ' '
locations. trans, det.,| ¢+ Cq -

Fig.12 compares the convergence behaviour of thg  Point 0.2131] 139.2
determination procedure applymg the two different fqr— trans, det., let + ot -
mula_s and shows that the final values of the transition formula (a) | 0.2191| 140.2
locations are the same.

Fig.13 shows the:p-distributions for all cases, fig.14 trans, det., let + cdﬂ - || -0.04% | -0.03%
shows theci-distributions for the cases {1}, {2}, {3} formula (b) | 0.2174| 140.6
and {4}(a) and fig.15 compares thg-distributions for
the cases {4}(a) and {4}(b). 3.3 Initialization

As expected, the pressure distributions between the fullyA basic idea for the transition determination process is
turbulent case on the one hand and the cases with trandis start the flow computation with a flow field initialized
tion on the other hand show a clearly visible gap on thewith free stream values and transition locations set very
upper sides of each element of the configuration. Thear downstream, e.g. at the trailing edges, such that,
width of the gap has its greatest extent in the suctioreffectively, a fully laminar flow is computed in the
zones near the noses of the elements. The pressure diseginning of the flow computation. During the transient
tributions of all the cases with transition can not bephase of the computation the successively detected
distinguished in this representation. laminar separation points are then used as transition
Comparing theci-distributions of the main airfoil of locations until a converged state of the transition locati-
cases {2} and {3} in fig.14 one can clearly see the very ons has been reached. However, the strategy to start the
strong upstream influence of case {3}. The location of computation with free stream values fails because of the
the local minimum friction value which marks the end following reason:

of the laminar boundary layer is almost the same as irFor the detection of separation points on either the upper
case {2}, although in case {3} the location of transition or the lower side of an airfoil the location of the stagna-
onset is located much more downstream than in cas#on point on the airfoil must be known, as it divides the

0.13% | -0.08%
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upper from the lower side from the aerodynamical pointin the two figures the position of the ‘wrong stagnation
of view. The stagnation point is the point@f naat the  point’ on the main airfoil is marked by an arrow. From
airfoil surface. Additionally, it is a point where the tan- this point on, the flow is fully turbulent on the upper
gential velocity vectors of two differentially neighou- side and fully laminar on the lower side. The coloured
ring points have different algebraic signs. In a steadylines show again the separation points plotted versus the
flow these two facts are valid for the same physicalRANS iteration cycles.

point in space. 3.4 Other Turbulence Models

A separation point is characterized by two differentially |, addition to the application of the Spalart-Allmaras
neighouring points whose tangential velocity vectorsmodel with Edwards modification other turbulence
have different algebraic signs, too. models were applied to test the strategy of the transition
In the first tests with airfoil flows under high angles of getermination procedure for the selected test case. The
attack it turned out that the two conditions that definegglected models are the algebraic Baldwin-Lomax
the stagnation point do not indicate the same point inpodel, the standard Wilcox é-model and the LEA k»
space during the transient phase of the computationyodel. The LEA key model is the linear body of an
Usually, the point withc, mayis very near the 'real’ sta-  explicit algebraic Reynolds stress model based on the

gnation point from the very beginning throuhgout the standard Wilcox ke model as background model. The
transient phase until the RANS computation has conver; Ea k- model uses

ged to a steady solution. _ i .
The point whose neighours have different signs of their He= €, P/ (28)

tangential velocity vectors is, at first, located very near®® cc_)mpute the eddy viscosity, .W'th S being a
to the geometric nose point of the airfoil. During the function of some of the local flow field variables, whe-
transient phase it is moving downstream from the geo-reaS in the standz_:\rd Wllgoxd&modelcu =1.

metric nose point towards the point it ;max When For the computations using these turbulence models the

the RANS computation has converged these two point§ame parz_;\meter settings and _the same strategy as before
have become one single point, the stagnation point. were applle_d. In the computations with dete_rmmed tran-
Thus, during the transient phase it is not possible to us&'tion IOC‘?‘“O”S only formula_ (0) was applled. A" the
these two conditions to detect the stagnation point. Onl}yomputatlo_ns_ had to be (_:arrled out in single grid mode
thec, maxcriterion is usable to find the stagnation point. as fqr multigrid computatlo_ns no convergence could _be
As also a separation point is characterized by two diﬁe_obtalned. For all computations using transport equation

rentially neighouring points whose tangential velocity turbulence models the fully implicit treatment of the tur-

vectors have different algebraic signs the first detecte(gUIenCe etqgailﬁns (DDADI schEmhe) was ?pptlrl]ed.
separation point is the 'wrong stagnation point’ that ist ?_expec_e ' the cgnl\éer_getce N tavg)ulr orthe C;TP”'
moving towards the point witty, ax ations using the Baldwin-Lomax turbulence model is

As a consequence, it does not seem possible to start t £y bad. Fig.18 shows the convergence history for the

computation using free stream values as initial values.u_ltlz ]E_'“'rbé“ent f{:(impu?tlon f_anfgforh the (t:r?mputatlon
To overcome this problem the computation may beV! 'XE_ tpomf rat?15| on, Ig.t i S OW.Sth ;:tconv_er-d
initialized with a converged steady solution of a fully 3€"M¢€ Nistory for thé computations with detérmine

transition locations applying point transition and transi-

turbulent flow field. In this case, the two conditions tion | ths. Th tati ith det ined t .
which define the stagnation point mark the same physi-!On €ngins. 1he computations with determined transi-
tion locations were initialized with the flow field from

cal point in space. All computations initialized with a :
the fully turbulent computation.

fully turbulent flow field yielded very good results. ithouah fh ati d withi
Fig.16 and 17 give an impression of the computationéA ough hone ot the compultations converged within an
acceptable number of RANS cycles - this behaviour was

which were initialized with free stream values. When ted - the t ition determinati trat ked
the separation points are determined for the first time SXPECted - the transition determination strategy worke

after about 120 RANS cycles, the ‘wrong stagnationsucceSfu"y' The following values for the transition loca-
point’ on the main airfoil is detected as a laminar sepa-t'onst ?nd t.h[.e tr§n5|t|on lengths were determined:
ration point, located very near to the nose of the main®°'" ransgg?n_' 0.0944
airfoil, and is set as transition point. The computations thmain: i 0'4175’
result in a strongly detached flow over main airfoil and thﬂap : 0'9103’
flap. Also in the cove of the slat, the flow is fully deta- éransitio;(tiengt_hs ' '
ched. This behaviour is remarkable as the flow over th )
XS = - 0.0944, As, > =0.0155 (7.6%),

main airfoil is fully turbulent on the complete upper side : .
Y pete Lpp %"= 0.215, As,MN=0.0352 (4.3%),

of the airfoil, starting at the ‘wrong stagnation point’, flap _ flap _
streaming along the nose up to the upper trailing edge. %" = 0.9136, A5 =0.0150 (5.0%).
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The computations using the Wilcox ds-model con-  structured multi-block meshes. Its application is inde-
verge after a large number of RANS iteration cycles,pendent of the grid structure and the grid topology.
fig.20. The fully turbulent calculation needs about The basic tests for which the functionality of the algo-
120,000 cycles, the calculation with fixed transition rithms and the transition determination strategy was
about 70,000 cycles to converge. In the convergenceested were performed using the Spalart-Allmaras turbu-
history of the computations with determined transitionlence model with Edwards modification. The separation
locations shown in the figure, the convergence historypoints were succesfully set as transition points and the
of the fully turbulent forerun is missing. In all the curves determination procedure converges in about 10 to 25%
of the force coefficients small oscillations remain. The of the RANS cycles that are needed to obtain a fully
following values for the transition locations and the converged steady solution of the flow field.

transition lengths were determined: The determination procedure works succesfully app-

point transition: lying point transition and two different transition length
%2 = - 0.0995, models, the one based on boundary layer properties, for-
X, @M= 0.215, mula (a), the other one, formula (b), based on flat plate
X 12 = 0.9056, theory. Formula (a) yields transition lengths which are

transition lengths: much greater compared to experimental findings and
%2 = - 0.0995, As, ™ =0.0154 (7.5%),  small transitional separation regions on some of the ele-
X, @M= 0.215, As,M"=0.0367 (4.5%), ments of the configuration directly downstream of the

%1% = 0.9056 As, 2 =0.0134 (4.5%). transition locations. Formula (b) yields transition

The LEA k-w model is even a bit more sensitive than lengths which have a value of about 5% of the chord
the Wilcox kw model, fig.21. The fully turbulent com- length of the corresponding element which is a value
putation is comparable to the Wilcox ds-model, the that suits to the experiments. The transitional separation
computation with fixed point transition, however, could regions do not appear.

not be initialized with the flow field from the fully tur- In addition to the Spalart-Allmaras model with Edwards
bulent computation. In this case, the computation endednodification the algebraic Baldwin-Lomax model, the
up with negative pressures and densities in some pargfandard Wilcox kw model and the LEA ko model

of the computational domain and the FLOWer codehave been applied. All the computations using these
stopped. Here, the converged solution from the Compuother turbulence models had to be carried out in single
tation with fixed point transition using the Wilcoxd-  9rid mode as for multigrid computations no conver-
model was used to initialize the flow field. For the com- gence could be obtained.

putations with determined transition locations the stan-The transition determination procedure worked succes-
dard procedure could be applied. In the convergencéully in all cases, also in the cases using the Baldwin-
history of the computations with determined transitionLomax turbulence model that did not converge with
locations shown in the figure, the convergence historyrespect to the RANS iteration, which was not expected.
of the fully turbulent forerun is missing. In all the curves All determined values for the transition locations and
of the force coefficients small oscillations remain. The the transition lengths are of the expected magnitude.
following values for the transition locations and the The next steps to be done, are the coupling of the exten-

transition lengths were determined: ded FLOWer code to the transition prediction module
point transition: and the comparison of the results with experimental data

Xtrslat‘ = - 0.0995, for the selected test case.
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Fig.18: convergence history of RANS computations using the Baldwin-
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Fig.20: convergence history of RANS computations using the Wilcoax k-
model
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Fig.17: convergence history of transition locations, transition lengths,
formula (a), without fully turbulent initialization of flow field
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Fig.19: convergence history of RANS computations using the Baldwin-
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Fig.21: convergence history of RANS computations using the LEA k-
model
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