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Abstract

In this report the performance of the Standard Cirrus glider is simulated using a com-
putational uid dynamics (CFD) code. The computations are p erformed by solving the
incompressible Navier-Stokes equations considering theow eld as steady. To calculate
the transitional boundary layer ow a correlation based transition model is used. It is
found that the numerical model is able to predict the performance of the Standard Cirrus
glider well. The simulations using the transition model are found to improve the results
compared to the fully turbulent simulations, except for the region of the stall.

1. Introduction

The development of modern computer tools has led to a revolan for the design and construc-
tion of high performance gliders. Today, the aerodynamic anthe structural potential of new
designs can be investigated and re ned using computers toquuce gliders with performance
and handling qualities inconceivable just a few decades ag@liders like the JS1, ASG29 and
the Diana 2 are examples of the improvements possible whenppng the latest computer
tools in combination with experience and experimental testg. Glide ratios of about 1:50 and
maximum speed above 280 km/h are today normal for the moderdider having 15 and 18 m
of wing span. However, the new numerical tools stand in shagontrast to the methods applied
for the design of the rst high performance gliders. Some 3@grs ago the tools available con-
sisted almost entirely of analytic approximation methodswind tunnel experiments and ight
testing. The materials and the accuracy of the production nieods available at the time was
also a limiting factor in the quest to develop high performate gliders.

In this report the Standard Cirrus glider is simulated by soling the Reynolds-Averaged
Navier-Stokes (RANS) equations in the commercial CFD sofawe STAR CCM+ [1]. The main
purpose for the work is to create a validated reference modek the performance of the glider
in steady level ight. To predict the important boundary layer ows the correlation based
transition model named the  Re transition model [2] is used and its accuracy is investigade
in detail. The results obtained in this report should enablduture investigations regarding
possible performance and handling quality enhancementsr fihe glider. The design of new
winglets, the installation of an electrical engine and reaech on new turbulator technology are
examples of studies that could benet from using a validateRANS model. The model of
the Standard Cirrus is also intended to be a reference moder finvestigating other numerical



simulation tools. The abilities and limitations of less cormputational expensive codes such as
lifting line methods, vortex-lattice codes and potential ow solvers can all be evaluated better
by comparing the results to the validated Navier-Stokes masdl

To perform the simulations, the geometry of the speci ¢ Stasiard Cirrus named LN-GTH
is rst measured using a digitizing arm and a surface model reated. Then the performance
of the airfoil used at the outer part of the Cirrus wing is invetigated using a two dimensional
mesh. The simulations are performed to investigate the acacy of the Re transition
model in detail. The two dimensional computations are valiated by comparing the results to
experimental values from the low-turbulence pressure windinnel at Langley, NASA. Finally,
the three dimensional model of the Standard Cirrus is simulad in steady level ight for
velocities from 90 km/h to 160 km/h. The three dimensional CB simulations are validated
by comparing the results to recent ight tests performed foithe Standard Cirrus at Ida ieg,
Germany.

2. The Standard Cirrus

The Standard Cirrus was designed by Dipl. Ing. Klaus Holighss at the Schempp-Hirth factory
and ew for the rst time in March 1969. The glider is a 15 m degyn without ap and was

originally built to compete in the standard class. The glideuses an all moving tailplane, is
equipped with air brakes on the upper side of the wings, andrc&arry 80 kg of water ballast to
increase the ight performance. In Figure 1 the Standard Cius glider is shown. The wing of

Figure 1: The Standard Cirrus glider.

the glider is designed using two di erent airfoils. The rootirfoil blends linearly into the airfoil
that is used at the outer part of the wing. The outer wing airfd is constant from the start
of the aileron to the tip of the wing. The best glide ratio for he glider is about 1:37 and the
maximum speed is 220 km/h. The glider is known for its good halfing qualities, large cockpit
and ability to climb well in turbulent thermals. The Standard Cirrus is today considered to be
one of the best gliders for participating in club class compgons.



3. Method

In the following the methods used to perform the simulationsf the Standard Cirrus are given.
First, the approach used to perform the measurements of thdidgr is explained. Then the
methodology used to investigate the performance of the Stdard Cirrus in both two and three
dimensions is presented.

3.1. Measurements of the glider geometry

To perform a qualitative analysis of the ight performance ér the Standard Cirrus the 'as
built' geometry is measured on a speci ¢ Standard Cirrus naed LN-GTH. To reproduce the
glider geometry, the airfoil on both the wing, elevator andudder is measured using a digitizing
arm [3]. The wing is measured at the root, start of the aileromnd at the tip of the wing.

Tail section measurements are performed at the largest andhallest chord respectively. By
xing stainless steel shims to the surface of the wing and tiaat the measurement stations a
straight edge is created and used to guide the digitizing armn Figure 2 the digitizing arm is

depicted. The digitizing arm is operated in combination wit a surface CAD tool [4] and about

Figure 2: Microscribe digitizing arm.

200 points are captured for each measurement. To increaseethccuracy, ve measurement
series are taken for each airfoil geometry. The nal splinesf the airfoils are created in a
two dimensional panel code [5] using the averaged measureatad The chord lengths and the
thickness of the trailing edge of the wing and tail are also msured using a digital caliper
gauge [6]. All other measurements of the glider, such as thegition of the wing to fuselage
fairing, height of the tail, etc., are taken using a hand heldaser [7]. The factory drawings are
used as reference. The fuselage, however, is designed by ifyind a CAD model which has
been used to perform a similar CFD simulation of the Standar@irrus using the TAU code at
the German Aerospace Center (DLR) [8].

3.2. Navier Stokes solver

The simulations of the Standard Cirrus are performed by usgnthe parallelized ow solver
STAR CCM+. The code uses a cell centered nite volume discregation approach that can be



applied to cells of arbitrary polyhedral shapes. The progma is designed to take on all aspects
of the CFD process and tools enabling both CAD design and pegtocessing of the results
are implemented. The meshing technology is automated and éapable of creating both a
tetrahedral, polyhedral and trimmed hexahedral mesh in a Ggesian based coordinate system.
A wide range of turbulence models are implemented, includjnthek ! SST turbulence model
of Menter [9] which is a prerequisite for the  Re transition model [1]. To solve the RANS
equation for the simulations of the Standard Cirrus the seggated solver in STAR CCM+ is
used. The ow eld is modeled using a constant density modelral the air is considered to
be steady and incompressible. The turbulent ow is modeledith the k ! SST turbulence
model, and the transitional boundary layer ow is simulatedusing the  Re transition model.
All simulations are performed on a Dell power blade clusterunning 36 CPU's in parallel.

3.3. The - Re transition model

The laminar-turbulent transition process is important wha predicting the performance of
gliders. For Reynolds numbers below 3 million, this transibn process often takes the form
of a laminar separation bubble. When this occurs, the sepdnag laminar layer is followed by
turbulent reattachment, just behind a recirculation regim. In Figure 3 an illustration of the
transition process on the upper side of an airfoil is shown.oFthe simulations of the Standard
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Figure 3: Laminar separation bubble.

Cirrus the transition process is modeled using the- Re transition model. This is a correlation-
based transition model that solves two extra transport equens, one for intermittency, , and
one for the local transition onset momentum thickness Reyfds number, Re,. The model
relates the local momentum thickness Reynolds numbeRe , to the critical value, Re ., and
switches on the intermittency production whenRe is larger than the local critical value. The
only input the model requires is the de nition of theRe , correlation de ned in the free-stream.
This de nition ensures that the Re, correlation takes the value of 1 in the free-stream, and 0
inside the boundary layer [1]. The mesh requirements for ugj the Re transition model is
a high quality, re ned low Reynolds number mesh. The distarefrom the wall boundary to the
rst cell centroid in the mesh determines how the boundary Mer is resolved by the turbulence
model. This distance is de ned by they* value

_yu .

y' = — 1)
wherey is the normal distance from the wall to the wall-centroid,u is the reference velocity
and is the kinematic viscosity. To enable the - Re transition model to converge, they*
values need to be in the region 0.1 to 1, and have a growth ratadastream-wise mesh spacing

in the transition area ne enough to capture the laminar sepation bubble [10]. By performing
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the simulations as fully turbulent, the transition processs ignored and only turbulent air- ow
is present in the boundary layer.

3.4. Two dimensional calculations

To investigate the accuracy of the Re transition model, the performance of the airfoil used
on the outer part of the Standard Cirrus wing is investigatedn two dimensions. The simulations
are validated by comparing the results to experimental datérom the low-turbulence pressure
wind tunnel at Langley, NASA [11]. The airfoil geometry usedor the simulations is also
obtained from the NASA experiment performed in 1977, and isefieved to be measurements
from a Standard Cirrus wing. Hence, the performance of the w& re nished LN-GTH airfoll
can be compared to the NASA measurements of the airfoil from@Z17. To determine the
required quality of the mesh when using the  Re transition model a mesh dependency
study is performed. The interesting angles of attack,, are calculated using an O-mesh. The
O-mesh is constructed with a hyperbolic extrusion method ugy a structured mesh tool [12].
To create a pressure outlet boundary the downstream far- dledge is cut at 40 to 110 degrees.
Upstream, a velocity inlet boundary is used. In Figure 4 an exnple of the O-mesh is shown.
To reproduce the ow condition at the test section from the NASA wind tunnel experiment, the

Figure 4. Hyperbolic extruded O-mesh.

turbulent intensity and turbulent viscosity ratio is used. The value for the turbulent intensity is
found from [13] to be 0.02 % and a turbulent viscosity ratio a0 is used to imitate external ow
conditions. The correct values applied to the inlet boundgrare calculated using the turbulence
decay laws from thek ! SST turbulence model [1]. All simulations are performed fahe
Reynolds number of 1.5 million. Java scripts and stopping oditions are used to execute the
simulations. For all residuals, a drop in accuracy to the fath decimal is used as stopping
criterion. In addition, an asymptotic stopping criterion for the monitored coe cients, C; and
Cq is used ensuring a bounded accuracy on the fth decimal for ¢hlast 50 iterations. For all
calculations the free-stream edge de nition for the ~ Re model is arbitrary put at 5 mm
from the airfoil surface. Fully turbulent simulations are dso performed and used as reference
to the transition model investigations. The mesh criteria dr the fully turbulent simulations
are taken from previous work performed on wind turbine blade[14]. The results from the
two dimensional simulations are also compared to calculatis performed using the panel codes
Xfoil [15] and Rfoil [16].



3.5. Three dimensional calculations

In steady level ight the lift produced by an aircraft needs b equal the weight. For a glider this
situation occurs at a steady, unaccelerated descent, wheres the equilibrium descent glide
angle. The lift force on coe cient form is given by

L _mg.

CL:OﬂS @S’

(2)

and the drag coe cient is given by
@S’

Here, m is the mass of the gliderg is the gravitational constant andS is the reference area.
The dynamic pressurey is denoted

D

1
- = V2 . 4
ql 2 1 ’ ( )
where ; is the density of air andV; is the free-stream velocity. Since the change in Reynolds
number due to di erence in density at di erent altitudes are small, the descent glide angle

can be found from 1

C=Co G
Hence, the descent glide angle is only a function of the lift-to-drag ratio, C, =G5, and does
not depend on altitude or wing loading. However, to achievegven C, =C, at a given altitude,
the glider must y at a specic velocity V; called the equilibrium glide velocity. The value of
V; is dependent on both altitude and wing loading [17].

To evaluate the performance of the Standard Cirrus the speqablar is calculated. The
speed polar for the glider is a measure of the gliders perfante. The polar shows the rate of
sink at di erent free-stream velocities and is found from

tan( ) =

h=V; sin(): (6)

To validate the three dimensional simulations the speed parl is compared to ight measure-
ments performed for the Standard Cirrus at Idaieg. The igh data from Ida ieg are provided
as calibrated air speed (CAS) usingg = 1:225 kg/m? as reference density, and the simulations
are therefore also performed using this density. The StanahCirrus used for the ight tests at
Ida ieg has a mass of 355.6 kg and a reference area of 18 Mhe simulations are performed
for velocities between 90 km/h and 160 km/h, as these are theéeady level ight velocities
normally used. At lower velocities, the glider should be afing in thermals, and not be in
steady level ight. At higher velocities the increase in sik rate deteriorates the performance
of the glider, and should be avoided during normal ight.

To simulate the performance of the Standard Cirrus, two CFD mdels are constructed
and calculated. One model is created to simulate the lift andrag coe cients of the wing and
fuselage, where the wing, the wing fairing and the fuselageincluded. To nd the correct angles
of attack, that produce the needed lift coe cient at the specc velocities, two simulations at
di erent angles of attack are performed. The linearity of tke lift slope for the Standard Cirrus is
then used to nd the angle of attack that produces the correclift coe cient. Another model is
created to calculate the drag coe cient of the tail section.This model is constructed with both
the tail section and the fuselage present, and have the elémapositioned at zero degree angle
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of attack. To account for Reynolds number e ects the drag coaent of the tail is simulated
for all investigated velocities. An isotropic, trimmed heahedral mesh is created for the two
models using CCM+. To reduce the number of cells in the meshyrametry conditions are
applied. Hence, only half the glider is present in the modelsThe required quality for the
three dimensional mesh when using the Re transition model is investigated in a mesh
dependency study. The boundary layer is constructed using2® layer, 30 mm thick hyperbolic
extruded prism layer. The mesh outside the prism layer has aagvth rate of 1.1. In Figure 5
the wing and fuselage mesh is shown. The outer boundary of tleev domain is constructed as

Figure 5: Trimmed hexahedral mesh.

a half-sphere, and is positioned 50 m from the wall boundary the glider surface. The domain
is split and has a velocity inlet and pressure outlet boundgrupstream and downstream of
the glider, respectively. A turbulence intensity of 0.1% amh a turbulent viscosity ratio of
10, initiated at the inlet boundary is applied to specify theturbulence in the air- ow for all
simulations. Java scripts and stopping conditions are alagsed to execute the three dimensional
simulations. The stopping criteria for the residuals is setio ensure a drop in accuracy to the
third decimal. The asymptotic stopping criterion for the maitored coe cients, C, and Cgq is
to be asymptotic bounded on the fourth decimal for the last 5@erations. The free-stream
edge de nition for the Re model is put at 5 mm from the glider surface. Fully turbulent
simulations are also performed and used as reference to thensition model investigations. To
better investigate the di erence between the two CFD methodlogies the mesh used for the
fully turbulent simulations are the same as for the calculans performed with the Re
transition model.

4. Results

In the following, the results from the investigations of theStandard Cirrus glider are presented.
First, the measurement of the airfoil geometry from the outewing of the LN-GTH glider is

shown and compared to the original coordinates. Then the nd$s from the two and three

dimensional simulations are given.

4.1. Geometry measurement results

The airfoil used at the outer part of the Standard Cirrus wingis found in [19] to be the
FX 66-17 All-182. This airfoil is designed by Dr. F.X. Wortmann at the University of Stuttgart
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and the original coordinates are obtained from the Stuttgdrairfoil catalog [20]. To investigate
the quality of the airfoil on LN-GTH, comparison to both the aiginal airfoil coordinates and to
the measurements obtained from the NASA experiment are perfned. In Figure 6 the airfoil
comparison is shown. The gure is scaled to better visualizbe di erences between the airfoils.
As seen in the gure the three airfoils do not match exactly. e di erence between the original
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Figure 6: Comparison of Standard Cirrus outer wing airfoil.

Stuttgart coordinates and the NASA measurements are discged in [11] and is believed to be
due to the berglass construction techniques available athie time of production. The airfoll
geometry from the LN-GTH measurements can be seen to t the N®A airfoil better than
the Stuttgart coordinates. The largest di erence betweenhe LN-GTH and the NASA airfoll
is found at the thickest part of the airfoil geometry. This dierence is believed to be from
re nishing the gelcoat on the 34 year old LN-GTH glider.

4.2. Two dimensional results

The O-mesh with the smallest number of cells that enables the Re model to converge is
found from the mesh dependency study. This mesh has 600 cellapped around the airfoll,
a growth rate of 1.05 andy* values below 1 for all simulated angles of attack. By reduain
the number of cells on the airfoil it is found that the range ofingles of attack possible to be
simulated, is also reduced. In Figure 7 the results for thefiand drag coe cient from the two
dimensional investigations are given. To the left in the gue the lift coe cient vs. the angle
of attack is shown. Here, the predictions from the CFD simutans using the transition model
can be seen to compare well to the experimental data. The réisuusing the transition model
predict the lift coe cient equally well as the panel codes Xbil and Rfoil for the angles of attack
between -5 and 5 degrees. For higher angles of attack the tstion model compares better to
the experimental data than the results from the panel codesdowever, the transition model is
unable to simulate the occurrence of the stall and a too higliftl coe cient is predicted in this
region. The fully turbulent CFD model can be seen to underastate the lift coe cient for all
positive angles of attack. This is because the pressure anouthe airfoil is wrongly calculated
since no laminar air- ow is present in the model [14]. Intergingly, the Rfoil calculations can be
seen to capture the occurrence of the stall better than the Xil simulations. To the right in the
gure the lift coe cient C, vs. the drag coe cient Cq4 is shown. Here the predictions from the
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Figure 7: Airfoil performance comparison

CFD simulations using the transition model can be seen to cqrare well to the experimental
data. The transition model performs equally well to the parnecodes for theC, values from O to
0.6. For higherC, values, the transition model compares better to the experiemtal data than
Xfoil and Rfoil. The fully turbulent CFD model can be seen to wer predict the drag coe cient
heavily for all values ofC,. By not accounting for the laminar air- ow in the boundary layer the
viscous drag for the airfoil is wrongly calculated. In Figug 8 the results for the position of the
transition are given. As can be seen in the gure the positioof the laminar separation bubble
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Figure 8: Position of the laminar separation bubble.

using the Re transition model compare well to the experimental data. Theprediction

using the Xfoil and Rfoil codes can be seen to be slightly fimér back on the airfoil for both
the suction and pressure side. This is believed to be due toetlli erence in the methods used
to calculate the transition process. The panel codes pretlithe transition position at the end

of the laminar separation bubble [15], while the Re model is able to predict the start
position of the laminar transition bubble. Finally, a compaison of the lift-to-drag ratio for the

NASA airfoil measured in 1977 and the LN-GTH airfoil is depied in Figure 9. The results
are obtained using the Rfoil code and indicate a slightly btgr performance for the LN-GTH

airfoil at angles of attack below 8 degrees for the investitgd ow condition.
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Figure 9: Lift-to-drag ratio for two measured Standard Cirus airfoil geometries.

4.3. Three dimensional results

In Figure 10 the production of turbulent kinetic energy on tle top side of the Standard Cirrus
is visualized. The transition model is able to predict the @nsition from laminar to turbulent

air- ow on both the wings and the fuselage of the glider. To th left in the gure a free-stream
velocity of 95 km/h is simulated. At this velocity the transition process starts approximately

Turbulent Kinetic Energy (J/kg)
00033333 0.0066667

1.0000e-010 0.010000

Figure 10: Top side transition, left 95 km/h, right 160 km/h.

at the mid-chord along the span of the wing. The laminar sepation bubble can be seen
as the region where the production of turbulent kinetic engy is the highest. Behind the
laminar separation bubble the reattachment region is seetipllowed by turbulent attached
air- ow. To the right in the gure a 160 km/h simulation is depicted. At this velocity the
position of the laminar separation bubble is moved slightlackwards compared to the 95 km/h
simulation. The production of turbulent kinetic energy is #so increased, hence, a larger laminar
separation bubble is produced. In Figure 11 the productionfdurbulent kinetic energy on
the bottom side of the Standard Cirrus is shown. The transitin from laminar to turbulent
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Figure 11: Bottom side transition, left 95 km/h, right 160 kmh.

air- ow on the bottom side is positioned slightly behind themiddle chord along the span of
the wing for 95 km/h (left in gure). The production of turbul ent kinetic energy is low and
the laminar separation bubble on the bottom side of the wingsismall. The position of the
laminar separation bubble for 160 km/h (right in gure) is moved slightly forward compared
to the 95 km/h simulation. The production of turbulent kinetic energy is also larger for this
simulated velocity, hence a more de ned laminar separatiobubble is produced. At the tip of
the wings and at the wing to fuselage fairing the Re transition model predicts large regions
of laminar ow. This scenario is not believed to model the rdaow conditions correctly. The
highly rotated ow produced by the tip vortex and at the wing to fuselage region is believed
to be outside the capabilities of the  Re model.

The production of turbulent kinetic energy on the fuselage fathe Standard Cirrus is vi-
sualized in Figure 12. In the top gure the transition positon for the 95 km/h simulation is

Turbulent Kinetic Energy (J/kg)
1.0000e-010 0.0033333 0.0066667 0.010000

Figure 12: Fuselage transition, top 95 km/h, bottom 160 km/h
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shown. Here, the transition from laminar to turbulent can beseen to be close to the start
of the wing-fuselage fairing. In the bottom gure the prodution of turbulent kinetic energy
for the 160 km/h simulation is shown. Due to the higher veloty and lower angle of attack
the transition has moved forward. More turbulent kinetic errgy is especially produced at the
lower part of the fuselage. Both the fuselage shape, the aegif attack and the velocity thus
determines the position of the transition process. In the 98m/h simulation a large region of
laminar ow can be seen on the bottom side of the wing-fuseladairing and for the 160 km/h
simulation a region of laminar ow can be seen on the upper sdof the wing-fuselage fair-
ing. These laminar regions are believed to be incorrect, atol be a result of positive pressure
gradients created due to the in ow angles. It is also known #it sailplane cockpit ventilation
is a ected by internal ow resistance within the fuselage, ausing air to escape between the
canopy frame and the cockpit edge. This air leakage trips tHaminar boundary layer on the
canopy and fuselage to turbulent air- ow and increases therple drag for the fuselage [18].
However, the position of the main boundary layer transitiorine for the di erent simulations
are found to compare well to measurements found in [19].

In Figure 13 the production of turbulent kinetic energy on tle top of the elevator section
is shown. Again, the trends from the simulations performedf the wings of the glider can be
observed. The 95 km/h simulation to the left in the gure has alow production of turbulent
kinetic energy making the laminar separation bubble smallThe position of the transition for
the 160 km/h simulation to the right in the gure is moved forward and the production of
turbulent kinetic energy has increased. Also on the elevatsurface large regions of laminar
ow exist at the tips.

Figure 13: Elevator transition, left 95 km/h, right 160 km/h.

The production of turbulent kinetic energy on the lower sideof the elevator and the tail
section of the Standard Cirrus is shown In Figure 14. To the fiein the gure the result from
the 95 km/h simulation is depicted and to the right the 160 kmh simulation is visualized. It
can be seen that the presence of the fuselage has a large inpacthe production of turbulent
kinetic energy. The turbulent ow condition from the fuselage initiates the transition process
almost on the leading edge for the lower part of the n. The uper part of the n experience
less turbulence and the transition occurs later. Also in theegion where the elevator and n
is connected, the transition occurs closer to the leading @&l The drag coe cient of the tall
section is found to be Reynolds number dependent and a rediact in C4 of about 10 % is
found for the 160 km/h compared to the 95 km/h simulation.
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Figure 14: Tail section transition, left 95 km/h, right 160 kn/h.

To obtain a converged solution for the simulations using the Re model, all calculated
grids are adjusted to meet the mesh criteria for both the di eent velocities and angles of
attack. Since they + value for the mesh scales with the velocity the grids at highelocities use
a smaller distance to the rst cell centroid. At high angles battack, more cells on the wing of
the glider are needed to obtain a converged solution. The nioar of cells in the mesh are thus
increased from 28 million to 41.8 million cells for the 95 knfv to the 160 km/h simulation,
respectively. The simulation of the fuselage and tail secin are performed at zero degree angle
of attack. Hence, only considerations for thg + values are needed. The fuselage and tail mesh
use about 7.8 million cells.

In Figure 15 the calculated speed polar for the Standard Cius is compared to ight mea-
surements from Ida ieg. The simulations performed using #8 = Re transition model can be
seen to compare well to the real ight data. For velocities Hew 100 km/h the simulations are
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Figure 15: Standard Cirrus speed polar.
closely matched to the ight measurements. At higher veloties, the sinking speeds are slightly
under predicted. The measured best glide ratio for the Staadd Cirrus from the Ida ieg ight

tests are found to be 36.51 at 94.47 km/h. For the simulationgerformed using the  Re
model the best glide ratio is found to be 38.51 at 95 km/h. Theurbulent calculations of the
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Standard Cirrus can be seen to heavily overestimate the dramd thus the sinking speeds. The
di erence between the simulated results and the ight measements increase at higher ight
speeds. This is due to an increase in pro le drag from not hayg laminar ow present in the
model. The best glide ratio for the fully turbulent simulations is found to be 28.96 at 90 km/h.

In Table 1 the angles of attack for the Standard Cirrus simulégons are given. The zero angle
of attack for the CFD models of the glider is referenced to theeighing position as found in the
ight and service manual [21]. The higher angles of attack meled to produce the di erent lift
coe cients when performing the simulations as fully turbukent compared to using the  Re
model are evident.

Vi km=h] 90 95 100 110 120 140 160

C. [ 0911 0818 0.738 0610 0512 0.376 0.288
vansiton [deg]  2.663 1.770 1.013 -0.207 -1.128 -2.396 -3.220
wouent  [deg]  3.265 2274 1.472 0.169 -0.805 -2.133 -2.992

Table 1: Input data for CFD simulations.

5. Conclusions

In this report the performance of the Standard Cirrus glidelis simulated using the compu-
tational uid dynamics code STAR CCM+. The computations are performed by solving the
incompressible Navier-Stokes equations and considers tber eld to be steady. The turbulent
ow is modeled using thek ! SST turbulence model and to model the transitional bound-
ary layer ow the Re transition model is applied. To investigate the performane of the

Re model, calculations are rst performed using a two dimensial grid. The nal three
dimensional simulations of the Standard Cirrus glider arealidated by comparing the results
to recent ight measurements from Ida ieg.

It is found that the numerical model is able to predict the pefiormance of the Standard
Cirrus glider well. The simulations performed using the  Re transition model improves
the results for the lift and drag predictions compared to fuy turbulent calculations for low
angles of attack. For high angles of attack, i.e. stalled cdition the Re transition model
is unable to converge. The best glide ratio for the Standardius from the Idaieg ight
tests is measured to be 36.51 at 94.47 km/h. For the simulatiausing the Re transition
model the best glide ratio is calculated to be 38.51 at 95 km/hThe fully turbulent simulations
predict the best glide ratio for the glider to be 28.96 at 90 kfh. The large deviations in the
prediction of the glide ratio when using fully turbulent simnulations are caused by the absence
of laminar air- ow in the boundary layer for the glider. By aaounting for the interference drag
from the cockpit edges, as well as the drag from the tail and mg tip skids, the results from
the simulations using the  Re transition model could be improved. Additionally, the drag
of the tail is simulated using a simpli ed model where the elator is positioned at zero angle
of attack. By accounting for the extra drag due to the elevatode ection needed to sustain
steady level ight, the result should be further improved. Fture studies should investigate the
drag production from the glider in more detail and focus on ggying the Re transition
model for high angles of attack.
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