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AN EVALUATION OF TURBULENCE MODEL FOR VORTEX
BREAKDOWN DETECTION OVER DELTA WING

An important phenomenon of delta wing is the mechanism of vortex core, which
indicates the increase in lifting force until the occurrence of the vortex breakdown.
The computational fluid dynamics (CFD) is very helpful in visualizing and providing
analysis of the detailed data. The use of turbulent models will affect the quality
of results in obtaining the vortex breakdown phenomenon. This study used several
models of turbulence to capture the occurrence of vortex breakdown and compare it
with experiments using water tunnel test facility. The results show that all turbulence
models give good results at a low angle of attack (AoA), but at a high AoA the DES
model gives the results closest to experimental ones with Cl error value of about 1%.
Taking into account the time required and the acceptable level of accuracy, the use
of SST and k-ω models is an alternative option for use in the detection of vortex
breakdown.

1. Introduction
Fighter technology is always evolving to improve efficiency and flying capabilities. In high-speed aircraft, such as fighter aircraft, the wing configuration uses
a delta type. In addition to avoiding damage caused by shock waves at supersonic
speeds, the use of delta wings allows one to increase the lift force especially at a
high angle of attack (AoA). The delta wings can improve good maneuverability
and agility. At high angles of attack, the delta wings produce greater lift and better
stability compared to rectangular wings [1]. In the delta wing, the wind will stream
towards the leading edge and then partially flow down and up through the wing
1
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surface. Due to the pressure difference between the top and bottom side of the
wing, a roll-up vortex will form from the underside of the wing to the top of the
wing surface, which will result in an increased lifting force [2]. The total lift force
that occurs is the sum of the potential lift and a vortex lift increment. In the area
above the wing, the lowest pressure will appear and cause the occurrence of vortex
cores as the location of the highest lift. Surfaces on the wings greatly affect the
formation of vortices that will create lifting forces [3].
The aircraft’s maneuverability will increase when there is an increase in vortex
core velocity from the vortex pair on the wing’s leading edge. When the roll-up
vortex occurs, the axial velocity of the vortex core will be faster than its freestream.
In this area, the pressure becomes very low and there arises the an additional lifting
force. At specific velocity values and angle of attack, the vortex cores will undergo
structural changes and become destroyed due to sudden changes in pressure, the socalled vortex breakdown. In that state, the lift force value will disappear. The flow
interaction along the delta wing will affect the formation and character of the vortex
core flow. The conditions of axial velocity and the pressure distribution at the vortex
core can be used to analyze the vortex core structure and its breakdown. There have
been many studies that have been conducted to examine the characteristics of
roll-up vortex phenomenon and the occurrence of vortex breakdown to show the
aerodynamic character of the delta wing type [4, 5]. Vortex breakdown is used for
several analyzes, such as the instability of pressure as well as for the detection of
velocity changes [6–8].
Authors of [9] predict the occurrence of a vortex breakdown by analyzing
the deceleration of axial velocity changes approaching the freestream. The indication of the occurrence of vortex breakdown is the decrease in axial velocity
along the vortex core [9–13]. Detecting the occurrence of vortex breakdown becomes a very important problem that indicates the loss of lifting force on the
wing. The flow visualization method is an effective way of determining the vortex
breakdown phenomenon. Many methods and researches have been developed to
view and analyze the visualization of the occurrence of vortex breakdown, such
as the use of wind tunnels, water tunnels or computational fluid dynamics (CFD)
methods [14–21]. In [22] the characteristics of the vortex and the effects of some
parameters on the form of vortex breakdown have been comprehensively discussed.
One of the parameters of the formation of vortex breakdown is the influence of
tangential speed and axial velocity along the core of the vortex. Also, one uses
swirl ratio or Rossby number to analyze the occurrence of vortex breakdown. The
Rossby number (Ro) is a non-dimensional number used for comparison of the
axial velocity (Ux ) of the vortex core to the maximum swirl velocity (Uθ ) of
the vortex as formulated in Eq. (1) [22–25]. The decline in the value of Rossby
number has the meaning of increased vortex intensity and it further affects the
vortex vulnerability. A value criterion of Rossby number showing the occurrence
of a vortex breakdown have been proposed in [26] and [27]. The criterion of
Rossby number applies to most cases of a vortex in the delta wing with a value
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limit of 0.9 and 1.4. The value higher than 1.4 indicates the level of stability of
the vortex and the value below 0.9 indicates the occurrence of a vortex breakdown.
Ux(axial)
.
(1)
Uθ
The use of water tunnel is very convenient for studying flow visualization
because water has a higher density and lower mass diffusion than air, so that the
visualization can be more detailed [19, 28]. However, according to [20], the most
difficult part of the measurement on the water tunnel is the pressure measurement,
because the operational flow commonly used in water tunnels in of very low
order. Besides, due to slower flow, the water tunnel required more meticulous
force measuring devices in smaller measuring areas [19]. Test parameters refer to
another visualization research using water tunnel with Reynolds number between
103 –104 . This value is different and lower than other types of measurements on
wind tunnel or real scale, which have higher Reynolds number, and several other
studies have shown the suitability of water tunnel test data with real-scale and flight
test [14, 19, 29–31].
The use of computational fluid dynamics method (CFD) will be beneficial in
presenting the data both qualitatively and quantitatively in a better detail. Wibowo
et al. investigated the analysis of the occurrence of vortex breakdown in the delta
wing with a sweep angle of 65◦ and 70◦ using a water tunnel experimental method
and comparing it with CFD testing. He also compared it with references from
other studies [17]. The results of the study show a good similarity between the
visualization results using water tunnel, CFD, and other references. At a small
angle of attack, the results resamble very well the visualization results and lifting
forces occurring both on the water tunnel and the CFD method. However, at a high
angle of attack after the maximum value of Cl, a slight shift in the lift coefficient
value appeaars, which is related to the formation vortex breakdown, thus requiring
further research on the computational methods used in particular for the turbulence
equations.
Authors of [21] used a CFD technique in modeling to detect the occurrence
of a vortex breakdown over the delta wing at a high AoA and to combine it with
the addition of jet-flap to see the effect of delay in the occurrence of vortex breakdown. In their study, the model refers to Shih and Ding experiments on wind
tunnel testing. The domain model is made in semi-symmetrical form and uses
a structured computational mesh type with variations in the number of cells between five hundred and four million cells, with an optimal amount of the mesh of
1.75 million cells. The turbulence model uses low-Reynolds-number stress-omega
and low-Reynolds-number eddy-viscosity models. The results show that the use
of turbulence model k-ε don’t give a proper value for predicting the occurrence
of vortex breakdown. Meanwhile, the use of the k-ω model can provide as good
results for the calculation and prediction of the beginning of the vortex breakdown
Ro =
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as the results obtained in the experiment. Meanwhile, other researchers also conducted a study to model the development and control of the vortex breakdown
phenomenon on the delta wing [3]. The pair of vortices formed on the suction
side of the delta wing are significant contributors to the addition of the lift. When
the AoA increases, this vorticity becomes stronger and has a high vector value,
so that lift force will also increase. The computational model is made using halfsymmetry with a mesh number of about 4 million cells. The Navier-Stokes (NS)
3D equation is used to derive the simulation model with the turbulence model
using a double eddy-viscosity turbulence (k-ω). A study to see the effectiveness of
the use of Spalart-Allmaras (S-A), k-ω, and SST turbulence models on the delta
wing have been conducted in [32]. This study compares the lift coefficient and
drags coefficient value with that of the wind tunnel model. The results show that,
in general, it has not shown a good accuracy, except for a low angle where the use
of k-ω and S-A gives good value, while the use of SST model yields an inaccurate
value. In other cases, authors of [33] use the S-A turbulence equation to see the
aerodynamic characteristics such as the force generated, pressure distribution and
streamline visualization of the super-fast car model by arranging the local grid
more tightly.
Author of [34] conducted a study using the CFD method, and this study used
structured and unstructured mesh types. The turbulence model compares several
similarities of both laminar, S-A, k-ε, RSM and LES, and its results are sufficiently
accurate, but still not optimal to predict the size and strength of the breakdown
vortex. Similarly, the use of the LES model is also not optimal due to the size of the
cells that are too large because of a considerable computational load. Simulation of
the LES model by refining the local mesh size on the delta 70◦ wing was presented
in [35]. From the results of the study it followed that the use of a rough mesh
on the LES model would not produce a good prediction of the vortex, so one
should improve the quality of the mesh. Meanwhile, other researchers modeled the
turbulence to predict the location of the vortex breakdown using the DES/DDES
turbulence model [36]. The results show that the use of DES/DDES predicts the
location of the vortex breakdown more accurately and can provide a more reliable
flow pattern of the vortices structure and surface pressure distribution.
The phenomenon of fluctuations in velocity and pressure indicates turbulence
flow. The modeling for turbulence takes into account several things that include:
time-consuming, computational cost, flexibility level, improved physical model
accuracy [37]. The case of vortex breakdown in the delta wing shows the dynamic
conditions in a stream requiring special treatment in the CFD simulation. The use
of appropriate methods will produce optimal results in achieving the results. In
this study, we will evaluate the use of some turbulence models available in CFD
software to detect the occurrence of vortex breakdown. The results of the study
could be a recommendation in the selection of turbulence models of cases of vortex
core phenomena and vortex breakdown by considering the accuracy of the results
and the computational load.
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2. Numerical method
The research process using the numerical method (CFD) starts from the design of the delta wing CAD model with the sweep angle 70◦ , as shown in Fig. 1a.
The half-sectioned model symmetrically refers to the experimental water tunnel
data [17]. The completed CAD models and then defines the computational domain
with boundary conditions such as inlet, outlet, wall (delta wing) and the walls of
symmetry. The mesh is generated on the model by identifying aircraft parts in several blocks based on wing surface changes. The mesh configuration is determined
by doing a study on mesh independence. In this case, the required number of cells
is at least 5 million cells to achieve the convergence of lift coefficient (Cl) data, as
shown in Fig. 1b, and the addition of more cells does not increase the accuracy
significantly. Also, testing of the smallest cell dimensions near the wall is also done
based on previous studies [38]. Non-dimensional wall distance (y + ) will determine
the size of the smallest cell. This determination affects the computational ability
in generating a vortex core in the model. Based on previous studies, the smallest
optimal size of cells near the wall has a value of y + 6 4 where the shape of the
vortex is still similar to the smallest cell size at y + < 1. In this study, we use the
value y + = 4 with the smallest cell size of 0.000295 mm.

Lift Coefficient (Cl)

Sweep Angle

CFD-30
CFD-40

Exp-30
Exp-40

Number of Cells (millions)

(a) the geometry of the model

(b) mesh independence study for Cl
convergence

Fig. 1. Geometry model and mesh independence study of a delta wing with 70◦ sweep angle

Determination of optimal cell number is done by performing independency
mesh study. In this study, it was conducted to find the convergence value of the
lift coefficient due to the addition of a cell number. The results showed that the
used delta wing model began to converge to a minimum cell number of 5 million
cells, as shown in Fig. 2a. In this case, the number of cells used amounted to
6.423 million cells. The mesh type is in the form of a structured-hexahedral mesh
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and the cells size changes starting from the wall portion as the smallest size, and
evolving logarithmically enlarges to the outside. The domain configuration, shown
in Fig. 2b, consists of inlets, outlets, symmetrical sides and walls. Its size is assumed
sufficiently large, based on some references, so that inlet, outlet and walls areas do
not affect the flow in the model [39–41]. In this research, we used computers with
the following specifications: Intel Pentium i7 processor – 3.6 GHz, 32 Gb RAM,
6 TB hard drive by the use of GPU GTX 780 Ti.

Velocity
inlet

Velocity inlet

(a) structured-hexahedral mesh

(b) CFD boundary condition

Fig. 2. Structured mesh and the domain configuration on the delta wing

In this study, there were several variations of the AoA ranging from 20◦
to 60◦ with step 10◦ . The flow rate was adjusted to inlet velocity of 0.23 m/s
(Re = 51582.02) referring to previous study assuming flows on the surface of the
wing with 0.08% turbulence intensity [17]. This geometry and condition of this
parameter refer to the experimental model. To solve the equation, the numerical
solution used the coupled scheme for the settlement of pressure-velocity coupling, with the discretization method using 2nd order upwind. The coupled scheme
algorithm solves the momentum equation and the pressure based on continuity
pressure equation together. Full implicit coupling was obtained by discretizing the
pressure gradient on the momentum equation and with implicit discretization of
the face mass flux with turbulence completion using the S-A, k-ε, k-ω, SST, RSM,
DDES/SA, and LES equations. This solver scheme offers several advantages over
a segregated pressure-based method. This method yields the results more quickly
and efficiently especially for single-phase fluids and under steady-state flow conditions.
The results of model simulations were compared with the visualization test
using GAMA water tunnel facility. The experiments were carried out by testing the
delta wing model in a water tunnel at a velocity of 0.23 m/s and Reynolds number
51582.02 on the AoA 20◦ , 30◦ , 40◦ , and 50◦ . During the test, the ink flowed out
through the ink channel on the model to visualize the flow phenomenon and vortex
breakdown above the delta wing surface. The forces that occur on the wing are
measured using the 3 DOF force sensors in the water tunnel device [42].
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3. Result and discussion
The simulation results provided the lift coefficient (Cl) for each turbulence
model with use of Spalart-Allmaras (S-A), k-ε, k-ω, Shear Stress Transport (SST),
Reynolds Stress Model (RSM), Delayed Detached Eddy Simulation (DDES/SA),
and Large Eddy Simulation (LES). These CFD results, compared with experiment
result and several other references presented in [29], are shown in Fig. 3. The results
show that the value of Cl increases from the AoA 0◦ to reach the maximum AoA at
40◦ . The results show that all of the turbulence models have the value of Cl similar
as in the experiment and in another reference. Cl values at a low AoA (0◦ –20◦ )
have a good similarity across all the turbulence models. At low AoA areas, airflow
is still laminar all over the wing.

Fig. 3. The value of lift coefficient (Cl) of each form of turbulence model on AoA and compared
with other references [29]

The roll-up vortex on the wing at a low AoA is formed continuously and has
a vortex core up to the back of the wing, as shown in Fig. 4. In this figure, there
are shown the visualization results on a water tunnel and CFD for AoA 20◦ . The
vortex core formed shows a flow like a continuous line and no damage to the vortex
core until after passing the delta wing. The visualization shows the laminar flow
across the top of the delta wing. In this condition, each turbulence equation has no
significant effect on flow conditions. The quantitative result on the coefficient of
lift (Cl) also has a very good value for all experiments performed.
At the transition of the AoA that is approaching the maximum lift coefficient
(30◦ –40◦ ), there begins a difference in Cl value in each turbulent model. The
difference exists because in most of the flow, especially above the wings and in the
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(a) Water tunnel 20◦

(b) CFD 20◦ pathline

Fig. 4. The formation of vortex cores at an AoA 20◦

back, appears a backflow. The approaches to turbulence model equations solution
are different, so they produce different results. This condition is analyzed in detail
by looking at the coefficient of lift, by changing the AoA every 2.5 deg in the area,
as shown in Fig. 5.

CFD(D-DES)

CFD(LES)

(a) Cl at AoA 30◦ –40◦

1.3

CFD-30

1.2

Exp-40

Exp-30

CFD-40

LES

CFD(SST)

DDES

CFD(k-H)

CFD(RSM)

SST

CFD(SA)

1.4

RSM

1.3

WaTu
CFD (k-Z

1.5

k- Z

1.4

1.6

k- H

1.5

1.7

S/A

1.6

Lift Coefficient (Cl)

1.7

(b) Cl value comparison

Fig. 5. Details of lift coefficient (Cl) at various turbulent models compared with experiment result
(WaTu) (a) from 30◦ –40◦ , (b) specific AoA 30◦ and 40◦

In Fig. 5, the coefficient of lift on AoA specific (30◦ –40◦ ) is compared with
the experiment result from the water tunnel (WaTu). The use of the DDES and LES
models gives the results very close to the experimental results at both 30◦ and 40◦
angles. However, an error increases in the form of LES along with the increase
of AoA. Whereas, the turbulent model equation SST, k-ω, and k-ε tend to have a
constant value of Cl in the experimental results.
In this study, there are also presented the results of the pressure coefficient
(Cp) distribution on the delta wing cross-section, as shown in Fig. 6. The graphs
revealed the location of the pressure distribution along the wing cross section in
30% and 60% main wing chords for each turbulence model and the results are
compared with the reference [29]. The location of the lowest pressure is the central
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location where it produces the largest lift on the wing. From the study, it can be seen
that at 30% chord the Cp value can be detected by almost all turbulence equations
except on S-A model. Fig. 6a shows that the S-A model is not capable of producing
the Cp value corresponding to the experiment. Meanwhile, the magnitude of Cp
value can be detected well by DDES model, whereas the equation SST, k-ω, k-ε
respectively yields a value lower than the experiment.

Pressure Coefficient (Cp)

0

SA
RSM

-0.5

k-ω
LES

k-ε
DDS

SST
Exp.(Erm, 2012)

-1
-1.5
-2
-2.5
-3
-3.5

-0.5

-1

0

0.5

1

Upper Wing Section on 30% Chord

(a)

Pressure Coefficient (Cp)

0

SA
RSM

k-ε
DDS

k-ω
LES

SST
Exp.(Erm, 2012)

-0.5

-1

-1.5

-2

-1

-0.5

0

0.5

1

Upper Wing Section on 60% Chord

(b)
Fig. 6. Comparison of pressure distribution over the wing section at various turbulence models
(CFD) compared with reference [29] on AoA 30◦ at: (a) 30% mac, (b) 60% chord

At 60% chord (see Fig. 6b), the use of each turbulence equation will produce
different Cp values. The use of the DDES model gives results of Cp size and
location close to the experimental conditions. The SST, k-ω, and k-ε models provide
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a smaller magnitude of Cp value. Whereas, other equations produce the size and
location of Cp that is shifted compared to the result of the experiment.
Figs. 7 and 8 show the visualization of the flows over the delta wings at
angles of attack 30◦ and 40◦ using CFD techniques with various turbulence models
and compare the formation of vortex cores with the water tunnel experiment. In
the picture presented in CFD method, vortex cores are shown from the path-line
movement from the leading edge forming a small vortex to the rear. Whereas, in
the water tunnel the formation of the vortex cores is characterized by the ink flow
that creates the line.

(a) WaTu d70 – AoA 30◦

(b) CFD – AoA 30◦ – S-A

(c) CFD – AoA 30◦ – k-ε

(d) CFD – AoA 30◦ – k-ω

(e) CFD – AoA 30◦ – SST

(f) CFD – AoA 30◦ – RSM

(g) CFD – AoA 30◦ – DDES/SA

(h) CFD – AoA 30◦ – LES

(i) 3D view vortex core

Fig. 7. Comparison of vortex cores and the occurrence of vortex breakdown (VB) in water tunnel
experimental (WaTu) and turbulence models (CFD) on AoA 30◦

At an AoA of 30◦ , vortex-core flow visualization begins to exhibit differences
in each model, as shown in Fig. 7a. The vortex cores start to appear crushed on
the back of the wing. In the water tunnel test, it is clear that there is a fraction of
the ink line above the rear wing at the distance to the wing length (x/L) = 0.87
indicating the occurrence of vortex breakdown. In the CFD visualization, vortex
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breakdown is marked by the presence of a portion of backflow (see Figs. 7b–7h).
There are several turbulence models not yet able to predict the occurrence of vortex
breakdown as in the S-A equation, while the LES model precedes the destruction
of vortex cores. The models of k-ε, k-ω, RSM, SST, D-DES look more closely at
the size and location of vortex breakdown, but Fig. 3 shows that there is a difference
in Cl that occurs in each equation model. Although the difference is not significant
when compared to the values that occur in some references, the results of the
DDES model are closest to the phenomenon of the roll-up vortex and the lift force
in experimental results. Fig. 7i shows the process of vortex core formation and the
occurrence of vortex damage according to Q-criteria analysis.

(a) WaTu d70 – AoA 40◦

(b) CFD – AoA 40◦ – S-A

(c) CFD – AoA 40◦ – k-ε

(d) CFD – AoA 40◦ – k-ω

(e) CFD – AoA 40◦ – SST

(f) CFD – AoA 40◦ – RSM

(g) CFD – AoA 40◦ – DDES/SA

(h) CFD – AoA 40◦ – LES

(i) 3D view vortex core

Fig. 8. Comparison of vortex cores and the occurrence of vortex breakdown (VB) in water tunnel
experimental (WaTu) and turbulence models (CFD) at AoA 40◦

At the AoA of 40◦ (Fig. 8), it is shown that the vortex core formation in the
water tunnel test holds out until x/L is equal to 0.53, then it runs into vortex
breakdown. In the CFD test, the S-A turbulence model shows that the formation
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of vortex breakdown is delayed compared to the water tunnel experiment. While
in other turbulence models vortex breakdown location approaches experimental
conditions, DDES and LES provide the best value of the size of vortex breakdown.
Visually, the size and direction of the roll-up of the occurring vortex pathline
indicate the formation of vortex breakdown, as shown in Fig. 7 and Fig. 8. Vortex
core velocity on the front of the delta wing is higher compared to the velocity of
freestream. The phenomenon of the roll-up vortex is causing an increase in vortex
core velocity and simultaneously makes the pressure very low above the wing,
which creates an increment of the lifting force. Thus, the formation of a roll-up
vortex may indicate a higher velocity at the vortex center than the velocity of the
free stream.
The increase in Rossby number shows the strength of vortex core velocity
against vortex interference that affects vortex core stability. Fig. 9 shows the graph
of nondimensional axial velocity value referred to the maximum swirl velocity
(Ux /Uθ ) depending on Rossby number and vortex breakdown location. Based on
a study in [26, 27] about Ro criteria for damage to vortex formation, the figures
present the Ro number area for the stability vortex area, instability vortex and vortex
breakdown to detect the location of the vortex breakdown. The vortex breakdown
value is defined when the Ro < 0.9 indicating that the vortex core velocity has
decreased, the vortex instability has increased, and the vortex core has became
unformed.
In the areas where we observe a decrease in axial velocity (seen from Ro values
less than 0.9), there is the VBL. At AoA 30◦ (see Fig. 9a), the axial velocity rises
starting from the leading edge with the rising Ro number indicating the formation
of the vortex core. Next, Ro number decreases to near 0 indicating loss of vortex
core and the occurrence of vortex breakdown. For AoA equal to 40◦ and 50◦ (see
Fig. 9b, 9c) the increase in Ro value is higher, but Ro decreases faster at shorter
x/L locations. The location of the vortex breakdown differs between each of the
turbulence equations used. Fig. 9d shows a comparison of vortex breakdown (VBL)
for a computational model in water tunnel experiments (WaTu) results for AoA 25◦
to 60◦ . The comparison of results shows they are similar to the vortex breakdown
location at a small AoA. As for high AoA (> 40◦ ), the values of SST, k-ω, and k-ε
still show good conformity, while other equations have low accuracy. An excellent
match between the DDES turbulence equation model and the experiments exists for
each AoA. Similarly, this model shows a good similarity between flow visualization
results (Figs. 7 and 8) and pressure distribution (Fig. 6).
In the S-A equation model, the formation of the vortex core is less strong, as
seen in the pressure distribution (Fig. 6), and the Ro number distribution (Fig. 9),
compared to other equation models. The S-A model results in a slower VBL than
in other equations and experiments. The RSM equation model produces vortex
core strengths close to that of the DDES model, but the vortex breakdown location
is shifted compared to the experiment. The k-ε and k-ω turbulence models have
almost identical characteristics that produce less strength of vortex cores, but the
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Fig. 9. Distribution of (a, b, c) Rossby number and (d) vortex breakdown location (VBL) the delta
wing

location of the vortex breakdown is closer to the experimental conditions. The
SST equation is capable of producing a power approaching the DDES equation
with the location of the vortex breakdown which is also close to the experimental
conditions. Meanwhile, the LES equation produces a stronger vortex core, but
vortex breakdown locations occur earlier because LES properties lead to large
vortex intensity values.
Table 1 shows the performance time, error rate generated and visualization
results of each of the turbulence models used compared to the experiment using
water tunnel. In that table, the lift coefficient (Cl) obtained from the CFD simulation
at the AoA 30◦ , 40◦ and 50◦ is compared with Cl of the water tunnel experiment,
and the difference between the values indicates the error that occurred. The higher
the AoA, the higher the error rate that tends to increase due to increased turbulence
intensity. The use of the D-DES turbulence equation model ensures the lowest error
value of about 1%, while the other model has a higher error value between 4%–7%,
but quantitatively the data are still acceptable. As for the results of visualization
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analysis based on the location and magnitude of vortex breakdown, one can see
that good results occur in the model of SST and DDES. Another factor to consider
in computing is the performance time required to complete the computational task.
The performance time in Table 1 shows that the S-A, k-ε, and k-ω models have
almost the same time requirements, while in the RSM and SST models the times
increase slightly, are only twice longer. While, the DDES and LES models require
considerable computation times up to 10 times longer compared to those of other
models.
Table 1.
The performance time and error values using CFD in each of the turbulence models
Error Cl value compare with experiment
Vortex
Turbulence
Visualization
Performance
(water tunnel)
breakdown
equation
result
timer (s)
30◦
40◦
50◦
Rating
location
CFD – SA

2.5%

4.2%

5.7%

Poor

Poor

Poor

379.889

CFD – k/ε

2.5%

3.9%

5.0%

Fair

Good

Good

397.786

CFD – k/ω

2.4%

2.4%

4.0%

Good

Good

Good

460.077

CFD – RSM

5.7%

7.4%

6.6%

Poor

Good

Fair

612.325

CFD – SST

2.3%

2.4%

3.2%

Good

Very good

Good

622.68

CFD – D-DES

0.8%

1.1%

1.2%

Very good

Very good

Very good

7751.234

CFD - LES

0.3%

2.6%

7.6%

Poor

Good

Poor

6429.94

Using the turbulence model to detect the occurrence of vortex breakdown one
can see that all turbulence models used are quite acceptable to get quantitative
results in calculating the lift coefficient (Cl), especially at a low AoA. However, at
a higher AoA, not all the models can predict well the exact occurrence of vortex
breakdown. At high AoA, the S-A model there is a lag in results in detecting the
occurrence of vortex breakdown. Meanwhile, the LES model, the results are more
advanced in the detection of vortex breakdown than the experimental results. The
DDES model is the best one both quantitative and qualitative in visualizing the
occurrence of vortex cores until vortex breakdown occurs. However, considering
very high requirement for computational time, it is necessary to consider the use
of other models in predicting the phenomenon of vortex breakdown. The use of
SST or k-ω turbulence models is an alternative option for predicting vortex damage
with less computational loads.

4. Conclusion
The results show that the use of all turbulence equation in detecting vortex
breakdown on delta wing gives quantitatively good results until vortex breakdown.
When approaching the vortex breakdown condition, the use of DDES equation
gives the best results, both qualitatively and quantitatively, with Cl error value
of about 1%. The DDES provides excellent visualization results, but it needs a
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considerable computation time. An alternative choice is using the SST or k-ω
model, which is a good option for detecting vortex breakdown considering the
optimization of computation time required.
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