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Abstract

The helicopter rotor flowfield is one of the most com-
plex and challenging problems in applied aerodynam-
ics. Its accurate analysis is essential in the design of
rotors with increased performance and in the develop-
ment of rotors with reduced vibratory loads and with
more environmentally-friendly acoustic signatures.

There is an industrial need in Europe for a rotor aero-
dynamic prediction tool able to capture rotational
phenomena, such as blade tip and wake vortices, and
to predict correctly the unsteady blade pressures over
a range of different flight conditions. The EROS
project addresses this need by developing a common
European system capable of analysing the inviscid ro-
tor flow environment by solving the 3D Euler equa-
tions. The method is based on a proven-technology
time-accurate Euler formulation on overlapping struc-
tured grids (Chimera method). The grid generator
provides an all-in-one capability for grid generation
guiding the user from the generation of individual
component grids to the Chimera domain decompo-
sition through an interactive process which has em-
bedded visualisation and animation capabilities. The
cell-centred finite-volume solver adopts a dual-time
implicit scheme on deforming grids. Nonconservative
interpolation is used to transfer information across
grid overlap regions. The current capabilities of the
code are presented and future developments are de-

scribed.
Nomenclature
CIRA Centro Italiano Ricerche Aerospaziali
DERA Defence Evaluation Research Agency
DLR Deutsche Forschungsanstalt fiir
Luft- und Raumfahrt
ECD EUROCOPTER Deutschland
EROS European Rotorcraft Software

GKN-WHL GKN-Westland Helicopters
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NLR Stichting Nationaal Lucht- en
Ruimtevaartlaboratorium

ONERA Office National d’Etudes et de
Recherches Aérospatiales

Introduction

Despite the great advances that have been made in
Computational Fluid Dynamics (CFD) over the last
decade, the accurate and efficient simulation of the he-
licopter rotor flowfield continues to be one of the most
complex and challenging problems of applied aero-
dynamics. The flow around realistic rotor blades is
unsteady and characterized by strong nonlinear and
three-dimensional effects, transonic regions near the
advancing tip blades and regions of shock induced
separation and dynamic stall at retreating blades.
Furthermore, the blades shed complex vortical wakes
which strongly affect the operating characteristics of
the rotor. g

Considerable efforts have been devoted to the de-
velopment and validation of advanced CFD meth-
ods based on the solution of the Euler and Navier-
Stokes equations. Pioneering works on the solu-
tion of the Euler equations in the US®® and in
Europe® % have spurred on developments in rotor-
craft CFD. US research activities’® have been directed
towards the solution of the Navier-Stokes equations,®
the use of the overlapping grid approach to treat

_ complex configurations, ® % and the development

of high-order schemes for convection problems.®®
Europe has a long tradition of research on Euler
methods for rotorcraft CFD. DLR, ONERA and the
Univ. of Stuttgart have implemented numerous al-
gorithms over the past decade. Efforts have concen-
trated on the wake convection properties of various
methods,®* *» on Chimera schemes® ' and multi-
block moving grid approach®® for modelling complex
multi-bladed rotors, on coupling with potential wake
models*® and on a Chimera scheme for rotor/fuselage
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configurations.” The key CFD technologies for ro-
tors have been developed at the individual organi-
sations and through Franco-German cooperation.(®
Development and validation activities have also been
carried out through projects sponsored by the Euro-
pean Union. Simple rotors in hover were studied in
the DACRO project®® 2 while multi-bladed rotors in
forward flight were studied in the ECARP project.®
Complex multi-bladed rotors in hover were studied in
the HELISHAPE project.?

The Euler codes that have been developed by the in-
dividual organizations are being applied to industrial
applications and are available to some European ro-
torcraft manufacturers. Nevertheless there is a need
for a common European rotorcraft aerodynamics sim-
ulation system which can build on the developments
of the individual organizations and introduce:

e an efficient, dedicated grid generator for multi-
bladed rotor applications (deforming meshes,

Chimera, ...);
e  software quality management from the very be-
ginning;

o weak coupling with aeroelastic codes based on
- blade deformation;

" o alternative schemes for both spatial (central
and upwind schemes) and temporal (explicit
and implicit scheme) discretization;

¢ inflow modelling with an embedded BEM mod-
ule;

e dedicated 1/0 interfaces.

A common simulation code can be very advantageous
in common development ventures between the rotor-
craft manufacturers in the consortium by allowing the
engineer to concentrate on the simulations rather than
the simulation tools.

Objectives

The EROS project deals with the development and
validation of a common European method capable of
analysing the inviscid rotor flow environment by solv-
ing the 3D Euler equations. The aim is to develop a
complete rotorcraft aerodynamics simulation system
which will allow:

e multi-blade calculations in hover with wake
capturing;

e multi-blade calculations in forward flight with
wake modelling (grid generated around a single
blade) and with wake capturing (grid generated
around a full rotor);

with and without elastic deformations. The develop-
ment is being carried out by rotorcraft manufacturers
(Agusta, ECD, GKN-WHL), research centres (CIRA,
DERA, DLR, NLR, ONERA), and Universities (Polit.

Milano, Univ. Bristol, Univ. Glasgow, Univ. Rome
3) within the Brite/EuRam programme of the Euro-
pean Commission. The three-year project runs until
the end of March 1999.

The research centres and the universities will have de-
veloped by the end of the project a unique platform
on which to develop and test new algorithms. This
will create a direct link between code developers and
code users thus optimising the flow of state-of-the-art
CFD technology to European rotorcraft manufactur-
ers. At the end of this collaborative research, there
will be a significant improvement in the rotor blade
design and analysis tools available to the rotorcraft
manufacturers in the consortium. In fact, the rotor-
craft industries will significantly increase their design
capability by the availability of such a code by be-
ing able to predict more accurately the aerodynamic
load distribution along the blades. Knowledge of this
would allow the designer to reduce pilot control-loads,
to increase speed and to identify and quantify the
aerodynamic noise sources. Furthermore, the Euler
code is the stepping stone of the long term research
goal of a general 3D unsteady Navier-Stokes solver for
rotor aerodynamics computations.

In order to develop such an advanced aerodynam-
ics simulation system (an Euler code with its own
grid generator) for it to be used in an industrial con-
text, software engineering standards must be adopted
throughout the development of the system. The soft-
ware life cycle is composed of various phases that lead
from the user requirements to the user acceptance of
the product, namely:

e definition of user and software requirements;

e  detailed software development cycle;
formulation '
— precoding -
«+ coding
— verification

e validation by the end-user;

with each phase having clearly defined objectives.
The industrial partners are mainly responsible for
defining the requirements and carrying out the valida-
tion of the developed software. The detailed software
development is mainly carried out by the research cen-

- tres and the universities, strictly adhering to the four- -

phase software development cycle. Such a structured
software development cycle is further strengthened by
the experience that a number of organizations bring
from the development of a common European full po-
tential rotor code.®® '

The EROS aerodynamics simulation system is cur-
rently undergoing the validation phase. This paper
gives an overview of the general characteristics of the
system and presents the simulations that have been
performed two years into the project.
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Technical Content

Industrial Requirements

At the beginning of the project the three industrial
partners laid down the basic requirements of the soft-
ware to be produced within the project. The ESA
software engineering standards®®*) were used as a gen-
eral guideline for the software life cycle to be used in
the development of the EROS code.

The requirements have been subdivided into user and
software requirements; the first dealing with the capa-
bilities needed by the users and the constraints placed
by the users, and the second dealing with what the
product must do. The software requirements are also
the reference against which both the design and the
product will be verified.

In order to achieve the common goal of minimizing ef-
forts in porting and in maintaining software onto vari-
ous platforms, software coding standards and software
coding style guidelines have been introduced. The lat-
ter is strongly motivated by the fact that once used
and accepted in an industrial environment, the soft-
ware may reach a lifetime an order of magnitude larger
than the current span of the project. The code is be-
ing written in FORTRAN 77 (allowing some FOR-
TRAN 90 extensions) and the message passing soft-
ware library MPI, which is an industrial standard
and in the public domain, will be used for the par-
allelisation. Critical aspects of software quality as-
surance and software configuration management have
also been addressed.

Numerous test cases have been chosen in order to
verify and validate the code over the entire operat-
ing regime of the rotor and include both 2D and 3D
steady and unsteady flow cases. Specific reference is
made to the user and software requirements that will
be verified by each test case.

Grid Generation

Grid generation has a fundamental importance in alt
aerodynamics simulations and even more so in rotor-
craft aerodynamics. The complex flowfield and the
multiple bodies in relative motion (fuselage, main and
tail rotor blades, platform) pose specific requirements
on the grids and on the grid generation procedures.
Even isolated rotor calculations require grids with
varying characteristics if one considers a single blade
or multiple blades, in hover or forward flight, with
wake capturing or wake modelling, in rigid-body mo-
tion or with elastic deformations. Grids are needed
with characteristics to capture accurately the wakes,
the shocks and to cluster the points along characteris-
tic surfaces at an intermediate distance from the blade
where adequate resolution is needed to obtain useful
data for acoustic prediction codes. Unique to rotor-

craft simulations is the requirement to maintain grid
quality in the far field in order to capture adequately
the helicoidal rotor wakes over large distances. Grid
quality is also an important issue because it affects
the accuracy and convergence rate of numerical solu-
tions. Also, for hover simulations the front and aft
boundaries are required to form a perfect match at
the inter-blade distance so as to avoid interpolation
€rTors.

The existing ’commercial’ grid generation packages
are not able to meet the unique requirements of rotor-
craft simulations. No one package covers fully the dy-
namic geometrical problems that need to be adressed:
surface grid generation, volume grid generation, vol-
ume grid adaption/ deformation/ rotation/ position-
ing, dynamic connectivity and anirmation/prototyping
of the dynamic geometries. Single-block grids are lim-
ited to simple blade shapes and are inefficient for accu-
rately capturing and adapting to the vorticity regions.
Multi-block methods are too demanding for 'non-grid
expert’ users and have an unacceptable turnaround
time. Unstructured methods are not considered to
be mature enough for a complete rotor simulation
in forward flight particularly in view of extensions to
Navier-Stokes simulations.

The stringent requirements of rotorcraft simulations
inevitably lead to choosing the Chimera (overlapping
grid, overset grid) domain decomposition approach
on structured grids. The Chimera approach is se-
lected for its natural adaptation to flow and dynamic
(static) geometry characteristics (complexities), re-
duced wall clock times by simplifying grid genera-
tion, better accuracy using shape conforming grids
and short familiarisation times. The approach has al-
ready been applied effectively to rotorcraft.(™ & 9 14,17
It consists of generating independent body conform-
ing grids around separate geometrical components or
separate parts of each component. The partial do-
mains covered by these individual grids do not match
exactly but rather overlap each other. Generally, a
series of these body conforming ”child” grids are em-
bedded in a background grid (”parent” grid) of sim-
ple structure covering the whole domain. The subdo-
mains associated with the child grids are blanked out
in the parent grid, forming ”holes”. The parent/child

_ or child/child overlapping regions require information

to be transferred between the different grids by inter-
polation for which the connectivity has to be derived.
This methodology provides the user with great flexi-
bility while assuring high quality grids on the various
rotorcraft components and in interesting regions of
the flowfield.

The GEROS grid generation code has been
designed®® to comply as much as possible with the
industrial requirements of rotorcraft manufacturers.
The most important requirements are:
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e case of use for ’non-expert’ and ’black-box’
users,

e hardly any restriction in topology:
tailored to multi-blade advanced CFD applica-
tions in hover and forward flight from simple
(rectangular) to advanced (BERP-type) rotor
blade geometries,

e growth potential in dealing with more advanced
CFD (Navier-Stokes) and geometrical complex-
ities (full rotorcraft),

o grid adaption,

e spacing control to pre-adapt zones where large
gradients might occur (blade surface, wake sur-
face, tip vortex and shock locations),

e matching front and rear faces (periodicity) for
hover simulations,

e acceptable quality with respect to: orthogonal-
ity; stretching and aspect ratio of cells;

e  quality analysis which might provide the prior-
ity in defining the connectivity of the grids,

e grid dynamics (rigid DOFs + elastic motion),
e robust and fast.

The grid generator approaches an ALL-in-ONE ca-
pability for grid generation by providing the following
features: (26 271
e surface grid generation
- parent segments described by discrete data
- bilinear and/or NURB interpolation
- control of spacing at patch edges

e  volume grid generation
- algebraic generation
- elliptic smoothing
- a posteriori quality enhancement

e volume grid dynamics (deformation and mo-
tion)
- algebraic deformation

e multicomponent (Chimera) tagging and inter-
polation
- CPMGRD algorithm with improved dynamic
tagging
- trilinear interpolation, volume spline interpo-
“lation

e  explicit adaption by special cartesian adaption
grids within the Chimera scheme

e  visual inspection and prototyping by VISUALS3
link

e interactive control with on-line help function-
ality

e script control

e  script driven batch operations

e coded in FORTRAN 77 with FORTRAN 90 ex-
tensions.

The embedded script facility allows the gridding pro-
cess to be repeatable and to be documented and cre-
ates considerable flexibility for the user. It is also
helpful when adaptation is required for the surface
grids in which case a new surface grid can be gener-
ated based on the original input data by a reversed
call of the solver. The prototyping feature allows the
inspection and animation of the location and other
characteristics of the deforming grids and their con-
nectivity in relative motion for all azimuthal angles
and all blades prior to the CFD simulation.

At present the basic components of the method have
been realized and research is being performed aimed
at improving the critical components of the process
cycle. The main structure of the GEROS code, which
is divided into 6 subsystems to perform the aforemen-
tioned main tasks, is shown in figure 1. Typical capa-
bilities of the code are shown in figures 2-6. Figure 2
shows the surface grid on a BERP-type (British Ex-
perimental Rotor Programme) rotor blade. An O sec-
tion at the blade root is also shown. Figure 3 shows
a periodic O-H volume grid about the blade together
with two embedded H-H grids for capturing the tip
vortices of the current blade and the preceding one.
The blade tip region containing the grid on the ro-
tor disc plane is shown in detail. The prototyping
feature of the GEROS code is shown in figure 4. A
4-bladed rotor with the different characteristics of the
individual grids is flown inside the background grid.
The volume grids shown in figures 3 and 4 have been
smoothed elliptically. Figure 5 illustrates the status
of the Chimera tagging applied to a multi-component
airfoil. The trivial tagging results in a maximum over-
lap while the CMPGRD type of tagging, in which the
child grid has highest priority, results in minimum
overlap. The smart tagging is being developed which
gives the highest priority to the smallest volume in
the two grids. It is expected that this last tagging
algorithm will be a significant improvement over the
first two. The capabilities of the algebraic deforma-
tion module may be seen in figure 6 where the blade
undergoes large pitch motions and vertical elastic de-
formations at the tip while the outer boundaries of

" the O-H grid are maintained fixed.

Euler Solver

The organizations in the consortium have a wide expe-
rience in developing time-accurate Euler codes, both
for fixed wing(®® 2 39. 3V and rotary wing®* 19 18 ap-
plications, and have carefully evaluated the formula-
tions that could best satisfy the industrial require-
ments. A formulation had to be chosen that would
guarantee:
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e multi-blade calculations with geometrically
complex blades;

s  wake-capturing capabilities for a large portion
of the wake near the rotor;

e accurate solutions within the time limits dic-
tated by an industrial environment.

The industrial requirements have stressed the need
for a robust and well established formulation that
could be used with confidence in an industrial con-
text. Nevertheless, the research centres have also an-
swered to their mission of promoting state-of-the-art
algorithms that would ensure Europe’s competitive-
ness in the years to come. The EROS code is based
on a proven-technology unsteady Euler formulation
on overlapping structured grids.®*® Its main elements
are:

e  Euler equations in relative frame using absolute
velocities;

e Chimera domain decomposition of structured
grids;

o  cell-centred finite-volume formulation;

e  central discretisation with scalar dissipation or

Roe flux difference splitting with MUSCL ap-
proach;

e  dual-time implicit scheme with explicit Runge-
Kutta or factored-unfactored implicit methods
in pseudo time;

e boundary element method (BEM) inflow mod-
elling;

e weak coupling to aeroelastic codes through a
deforming grid approach.

The decision to adopt a Chimera domain decomposi-
tion of structured grids is fundamental in providing
the user with wide flexibility and simplifies the inputs
needed from an industrial user when performing do-
main decomposition of complex rotor configurations.
The Chimera method is based on the decomposition
of a complex geometry into a number of geometri-
cally simple component grids. Trilinear interpolation
is used to transfer information across the grid overlap
regions. The Chimera method may also be useful as
a tool for domain partitioning and inter-domain com-
munications in view of implementations on parallel
architectures.

A cell-centred finite volume formulation has been cho-
sen for the Euler equations written in the relative
frame. The choice of the Chimera algorithm was the
motivating factor behind the choice of formulating the
momentum conservation law in the non-inertial frame
linked to each blade. The conservative variables are
written using absolute velocities in order for the nu-
merical scheme to have good free stream conserva-
tion properties. Two spatial discretisation schemes

have been implemented. They are the classical central
scheme with a scalar artificial dissipation according to
Jameson and the flux difference splitting of Roe with
a MUSCL variable extrapolation to achieve second
order accuracy.

An implicit dual-time method has been chosen for
the time discretisation scheme and allows an implicit
discretisation to be used in real time, but at each
time step marches the solution in pseudo time to
steady state. This permits the acceleration techniques
of steady flow, such as local time stepping, resid-
ual smoothing, multigrid or implicit methods to be
used in pseudo time since real time is fixed. This
also allows the real time step to be chosen based
on accuracy requirements alone and not on stabil-
ity restrictions. Two methods may be used to solve
the steady state problem in pseudo time: a multi-
stage Runge-Kutta explicit time stepping scheme and
an implicit factored-unfactored (FUN) method where
the two-dimensional unfactored term is solved with a
Conjugate Gradient type method with precondition-
ing. Convergence acceleration in pseudo time is per-
formed through local time stepping and implicit resid-
ual smoothing for the Runge-Kutta scheme.

Four distinct types of boundary conditions occur
when simulating inviscid rotor flows. On a solid body
the physical condition of no-normal flow is imposed
through the concept of ghost cells. Boundary condi-
tions at the inboard cylinder are needed only when
performing single blade simulations, in hover and for-
ward flight conditions. Since the proper handling
of these boundary conditions is still an open prob-
lem, different formulations have been implemented:
zero normal flow condition, characteristic type condi-
tion, and extrapolation type condition. The flow field
around a multibladed hovering rotor may be subdi-
vided into subdomains in which the flow is periodic.
The grid generator allows the generation of grids with
an exact match of the inflow and outflow planes thus
allowing the simple definition of symmetry conditions
on these two planes. A characteristic type bound-
ary condition is applied at the far field based on free-
stream conditions if the far field is placed relatively
far from the body. When the far field boundary is
placed relatively close to the body, the characteristic

_ type boundary condition uses conditions calculated

through a boundary element method.

This leads to a feature in the EROS code which is not
common in Euler codes. Although Euler codes nat-
urally capture the wake (within.the limits imposed
by numerical diffusion), full Euler multibladed cal-
culations are computationally very intensive and it
is likely that in an industrial context a lot of anal-
ysis will be performed on single bladed configura-
tion with wake modelling. Wake modelling®® 39 is
a means by which the influence of the far wake and
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of the other blades are modelled by a boundary ele-
ment method and felt by the single blade as an inflow
through its boundary conditions. Two types of cou-
pling have been implemented between the boundary
element method and the Euler solver:

o  wake-induced flow prescribed at the blade sur-
face (lifting-line and lifting-surface approach),

e improvement of the far-field boundary condi-
tions.

Another feature which is fundamental to the indus-
trial use of the code is the weak coupling to compre-
hensive aeroelastic codes. Modern rotor blades are
extremely flexible (especially in torsion) and it is im-
perative that any CFD simulation be able to take into
account blade elastic deformations. A deforming grid
approach is implemented in the EROS code in order
to account for the deformations computed by an ex-
ternal comprehensive aeroelastic code.

The above formulation has been implemented into a
software package with numerous features intended to
assist the user during the simulation: ¢

e interactive input with on-line help functionality
o script control
e  script driven batch operations

e  visual inspection by VISUALS3 link.

The interactive input with the on-line help function-
ality is essential in guaranteeing that the various nu-
merical schemes are properly used even by a non-CFD
expert. The embedded script facility allows the simu-
lation process to be repeatable and to be documented.
The-main structure of the EROS code is shown in
Fig. 7.

Applications

Two years into the project only a limited number of
test cases have been performed with respect to the
large number of applications that are planned by the
end of the project. The main focus at this stage is
to verify the various numerical algorithms on increas-
ingly complex applications (2D/3D steady fixed wing
= rotors) and check the links between the solver and
the grid generator.

The first test case is the steady flow over a NACA0012
airfoil at Mo, = 0.8 and a = 1.25°. Figure 8 shows
the computed pressure coefficient over the airfoil us-
ing a 128x32 C grid. The EROS solution compares
well with the AGARD-AR-211 reference solution ob-
tained on a much finer grid. The solution technique
consists of an explicit starting procedure followed by
the implicit FUN scheme with a 2nd order Roe up-
wind scheme. The convergence behavior of such a
technique is shown in figure 9.

The second steady test case considered is the ON-
ERA M6 wing at M, = 0.84, a = 3.06° which repre-
sents attached flow conditions. Figure 10 shows the
computed pressure coeflicient at several spanwise lo-
cations. The present method is compared to exper-
imental data and to another Euler method.®® The
agreement is fairly good with discrepancies limited
to the tip region. Figure 11 shows the isobar con-
tours on the upper surface of the wing and the agree-
ment of the two numerical methods is relatively good.
The present method uses a 128x32x32 C-H grid with
96 points along the chord and 20 points along the
span. The same solution technique as in the steady
airfoil case is used. The convergence behaviour for
this steady wing case is shown in figure 12.

An unsteady test case is presented in order to show
the time-accurate nature of the method. The stan-
dard AGARD CTS5 test case is chosen consisting of a
NACAQ012 airfoil pitching about its quarter chord
at transonic conditions (M, = 0.755, mean angle
of attack a,, = 0.016°, amplitude Aa = 2.51° and
reduced frequency based on semichord k& = 0.0814).
Figure 13 shows the instantaneous pressure distribu-
tions and Mach contours as the airfoil undergoes a
complete oscillation. The present method compares
well with the experimental data except in the up-
stroke region (figures 13a and 13b) where the un-
certaincies in the measured phase angle seem most
relevant. This behaviour has also been observed in
other Euler methods.** 2 The results of the present
method are shown on two different C grids of nearly
the same dimensions, 128x29 and 128 x 32, produced
independently by two partners. Both runs were per-
formed using an explicit starting procedure followed
by the implicit FUN scheme with a 2nd order Roe
upwind scheme. No significant differences may be ob-
served in the two solutions. Figures 14 and 15 show
the evolution of the normal force and moment coeffi-
cients through 3 cycles after which the solution is pe-
riodic. The comparison with the experimental data is
reasonable and similar to other Euler methods. (4 29

A single blade case in non-lifting forward flight is
considered. It consists of a rectangular NACA0012
blade of aspect ratio 6 in high speed flight. The
code was run in steady mode at three azimuthal sta-

. tions. Figure 16 shows the relative Mach number dis-

tribution on the blade and in the rotor disk plane
at ¥ = 60°,90°,120°. The influence of the varying
freestream may be seen as the blade advances from
60° to 120° and the direction of the spanwise compo-
nent of velocity changes sign.

Conclusions and Future Prospects

The EROS rotorcraft aerodynamics simulation sys-
tem is under development in Europe. It will be the
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answer to the rotorcraft manufaturers’ need for a pre-
diction tool able to capture rotational phenomena,
such as blade tip and wake vortices, and to predict
correctly the unsteady blade pressures over a range of
different flight conditions. The system is composed of
the GEROS grid generator and Chimera domain mod-
eller and the EROS Euler code. It is being developed
through a structured software life cycle which guar-
antees the conformity of the software to the industrial
requirements.

The baseline version of the code is presently under-
going verification and the preliminary results are en-
couraging. The verification activities are to cover all
operational conditions of the code from steady two-
dimensional conditions to multi-bladed forward flight
conditions and aim to test all aspects of the code so as
to detect any weak areas that need to be addressed in
order to meet fully the industrial requirements. The
recommendations from the validation phase will be
the input to the last phase of the project in which the
developing partners will improve the efficiency of the
code (e.g. parallel implementation on a system of dis-
tributed workstations, faster tagging algorithms) and
will extend its capabilities (e.g. improved surface grid
generation).

The project is forging together an experienced re-
search group combining the experience of industry,
research centres and academia to develop a method-
ology for common code development in Europe. This
experience is not only crucial in future extensions of
the system to Navier-Stokes but also lays down the
foundation for common European efforts addressing
the multidisciplinary rotorcraft problem.
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M, = 0.755, k = 0.0814, a = 0.016° + 2.51°sin(wt).
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