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Abstract

Verification and validation of PDE-based laminar-turbulent transition models is an essential process, but one
that is still the subject of ongoing discussion and community efforts. This paper describes some of those
activities, including the AIAA CFD Transition Modeling and Prediction Workshop series. An overview of results
and outcomes from the first workshop, held in 2021, is provided, but open questions still remain. There are
also persisting challenges to model development as well as verification and validation efforts, and several of
these are detailed. A second workshop will be held in 2027 to help address some of these in a concerted
manner. The workshop is organized so that the low-speed, transonic, and hypersonic flight regimes can be
addressed separately and independently under a Technology Focus Group paradigm. The specific test cases
for each flight regime are also briefly described in this paper.
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1. Introduction
Laminar-turbulent transition modeling within RANS-based computational fluid dynamics solvers is an
enabling technology for the design of ultra-efficient aircraft. The dominant forms of these models
are based on the solution of partial-differential-equation transport equations, as these fit well within
massively parallelized RANS solvers. Although models of this type have been available in the litera-
ture for over two decades, the technology is still somewhat nascent in its capabilities and application
space. Numerous model forms have been proposed, including laminar-kinetic-energy models [1, 2],
intermittency-based local-correlation models [3, 4], and amplification factor transport models [5, 6].

A pervasive challenge with transition models is the issue of verification and validation. Turbulence
model verification, or lack thereof, was identified in the AIAA Drag Prediction Workshop series [7]
as being a leading cause of code-to-code disagreement, which helped promote community-wide
efforts to ensure that models are correctly implemented. Similar efforts have taken place for laminar-
turbulent transition models, such as their inclusion on the NASA Turbulence Modeling Resource and
promotion of standardized test cases [8], but the results have been less positive and not without
challenges. One of the main issues is lack of consistency of model definitions across various codes.
A contributor to this is that early publications of PDE-based models, such as in [9], did not include
all necessary model correlations. This prompted many users to develop their own, often proprietary,
correlations that persist in their code bases. With the added factor of the transition model needing to
be coupled to a turbulence model, there is also a prevalence of various mix-and-match models, all
with their own coupling strategies.

Even when developers and practitioners use as-published models, the numerical properties of ex-
isting models make verification challenging. For example, Venkatachari et al. [10] found that imprac-
tically fine mesh resolutions could be needed to attain asymptotic convergence. Aside from model
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form, this is a consequence of the physics of natural transition, which requires convergence of the
mean flow before the transition equations can converge. Thus, slight variations in the mean flow can
cause major variations in the transition location. Another issue, identified by Gosin et al. [11], is that
transition sensors can be easily contaminated by numerical error that does not damp well with mesh
refinement or adaptation.

The objective of this paper is to provide a high-level overview of organized efforts related to model
verification and validation, including prominent PDE model forms and persisting modeling challenges.

2. Summary of Prominent PDE Model Forms
After nearly two decades of PDE-based transition models being implemented in widely used com-
mercial and government CFD codes, there are three general model forms that have emerged. All
of these models qualify as "phenomenological" by the definition typically espoused by the author. 1

These are the Local Correlation Transition Models popularized by Menter (cf. [3, 4]), the Amplification
Factor Transport paradigm developed by Coder [5], and the algebraic model of Cakmakçioglu, Bas,
and Kaynak [12].

2.1 Local-Correlation Models
Local-correlation transition models (LCTMs) are single-point closure methods to determine whether
the flow should transition to turbulence. A typical way of expressing their streamwise transition cri-
terion is that they evaluate a local Reynolds number that is well-defined in laminar boundary layers,
such as the vorticity Reynolds number, and compare it to a transitional value of the same Reynolds
number. The heart of the model is in how it calculates the transitional Reynolds number, which may
be a function of a local pressure gradient parameter and turbulence intensity. Experience with these
models confirms strong performance in high-turbulence-intensity environments where bypass transi-
tion is dominant. They also provide reasonable predictions for external aerodynamic flows with lower
turbulence intensity, but struggle to accurately capture the upstream movement of transition as lift
increases [13].

The most prominent of these models are the Langtry-Menter γ −Reθ ,t [3] and the Menter-Smirnov
γ [4] models. The Langtry-Menter model evaluates the transitional Reynolds number at the edge of
the boundary layer and then uses a transported variable R̃eθ ,t to diffuse it into the boundary layer.
The Menter-Smirnov model evaluates the transition criterion inside the boundary layer with fully local
quantities, allowing it to forgo the R̃eθ ,t equation. Both models use a transported intermittency vari-
able γ to carry the knowledge of transition downstream to activate the turbulence model. Menter et
al. further evolved the model to use an algebraic intermittency model, thereby having a zero-equation
transition model while still including sensitivity to turbulence intensity and pressure gradient [14].

The local-correlation modeling framework has also been extended by various groups to capture tran-
sition due to additional mechanisms, such as crossflow transition in three-dimensional flows (e.g.
swept wings and bodies at incidence) [15, 16, 17] and second-mode transition at hypersonic condi-
tions [18].

2.2 Amplification Factor Transport Models
The Amplification Factor Transport (AFT) modeling approach takes the idea of locally estimating a
pressure-gradient parameter (or shape factor) and using it to drive a PDE that tracks the margin to
transition. In this manner it is able to capture upstream history effects, offering additional capability
over a local correlation model. The first AFT model, termed "AFT2014", was developed by Coder
and Maughmer [5] and used a novel local shape factor along with the approximate envelop eN model
of Drela and Giles [19]. The AFT2014 shape factor relied on an isentropic outer-flow assumption,
limiting its applicability to general cases. Later evolutions of the model (i.e., [20, 6]) switched to

1"Phenomenological" models track surrogate quantities associated with the transition process that are not directly mea-
surable, whereas "physics-based" models attempt to directly predict measurable physical quantities.
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the Menter-Smirnov pressure gradient parameter to allow more flexibility, whereas the original local
shape factor has found recent success for transonic aircraft analysis [13, 21]. The AFT models may
also be used in conjunction with local-correlation crossflow models [22].

Multiple researchers have extended the AFT model into the hypersonic regime, including Barraza
et al. [23] and Liu et al. [18]. The underlying concept of the AFT model (that is, tracking a margin
to transition) has also been employed to develop models that are not explicitly tied to an eN method.
Notable examples include the models of Ströer et al. [24] and Pascal et al. [25].

2.3 Bas-Cakmakçioglu Model
The algebraic model proposed by Cakmakçioglu, Bas, and Kaynak (often referred to as the Bas-
Cakmakçioglu, or BC, model) [12] has garnered interest from the modeling community over the past
several years. Although it does not have any direct accounting of pressure-gradient effects, the model
formulation is very simple compared to LCTM and AFT models. As an algebraic model it does not
increase the number of equations that need to be solved, furthering its appeal.

2.4 Other Model Types
The three modeling types listed above are not meant to be a comprehensive list, but rather a high-
level assessment based on the author’s experience. There are other modeling frameworks, such as
the laminar-kinetic-energy models of Walters [1, 2] or the hypersonic laminar-eddy-viscosity model of
Qiao et al. [26], that users may find suitable for their applications.

3. First AIAA CFD Transition Modeling and Prediction Workshop

The First AIAA CFD Transition Modeling and Prediction Workshop (CFDTMPW-1) was organized
as an extension of the activities of the AIAA CFD Transition Modeling Discussion Group, sponsored
by the Applied Aerodynamics Technical Committee. The discussion group focuses more on practi-
cal application of transition modeling with an emphasis on PDE-based models as a more care-free
alternative to stability calculations. In this way it is distinct from interest groups that focus on the
fundamental physics of boundary-layer transition; however, basic researchers are welcome to the
discussion group to facilitate technology transfer. The workshop was originally scheduled to be in-
person in summer 2020, but due to the COVID pandemic it was shifted to a virtual event held in
January 2021. Four main objectives were identified:

• Assess the current state of the art in laminar-turbulent transition prediction in an industrial CFD
environment

• Determine and document best practices for transitional flow simulations

• Verify transition/turbulence model implementations

• Encourage risk taking by participants and promote improvements to CFD prediction capabilities

Participant data were submitted by 18 teams, balanced across industry (4 teams), academia (7
teams), and government (7 teams). This categorization is based on the lead organization of the
teams, though several teams were mixed across organization types. A particularly notable quality of
the submitted data was that nearly every team used a different turbulence+transition model variant,
which precluded meaningful code-to-code verification.

3.1 Test Cases and Representative Results
In preparation for the workshop, four distinct cases were identified to exercise the different predictive
capabilities of common models. These test cases are 1) a zero-pressure-gradient (ZPG) flat plate
at multiple turbulence intensities [27]; 2) the NLF(1)-0416 airfoil [28]; 3) a 6:1 prolate spheroid [29];
and 4) the natural-laminar-flow variant of the NASA/Boeing Common Research Model (CRM-NLF)
[30]. Common families of structured/overset and unstructured grids were provided by the organizing
committee, but participants were invited to generate their own grids following the provided meshing
guidelines.
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3.1.1 Case 1: ZPG Flat Plate
The first case, regarded as both a verification and validation case, was the T3A and T3B flat-plate
cases. Both cases featured high free-stream turbulence intensity so that bypass transition is the
transition mechanism. Tight coupling was observed between the grid dimensions and the turbu-
lence intensity at the beginning of the plate, which drove the upstream location of the inlet for the
committee-provided grids. Inlet conditions were specified based on the behavior of the SST turbu-
lence model [31] (based on the prevalent use of Menter’s transition models [3, 4]). Models based on
the Spalart-Allmaras turbulence model [32] do not explicitly track the turbulence intensity, and they
do not show any decay of the turbulence variables in quiescent free-stream flow.

Assessment of the participant results showed a wide spread in predicted transition location for both
the T3A and T3B cases. The skin-friction predictions are shown in Fig. 1. While this spread could be
attributed to different transition models, there was spread even between participants who used the
same transition model but different turbulence models. Overall, the Menter models provided the most
accurate predictions, due in part to these cases being part of their calibration database.

(a) T3A (b) T3B

Figure 1 – Comparison of predicted skin-friction distributions on the T3A and T3B flat-plate cases.
[33]

3.1.2 Case 2: NLF(1)-0416 Airfoil
The second test case is the NLF(1)-0416, natural-laminar-flow airfoil designed by Somers for low-
speed general aviation applications [28]. A wind-tunnel test campaign was conducted for this airfoil
and covered a wide range of Reynolds numbers; however, only the Re = 4×106 conditions were cho-
sen for the workshop. The reason for this is that the available dataset also includes measured bounds
for the transition locations at this Reynolds number, and the upper-surface transition mechanism is
expected to be natural transition in an adverse pressure gradient for much if not all of the low-drag
lift-coefficient range (the so-called "drag bucket"). A laminar separation bubble forms upstream of the
lower-surface cove; however, experience with this airfoil has shown this bubble to be only minimally
interactive. This case is regarded as a 2D validation case because it allows the models to be tested
for a realistic aerodynamic shape.

While this case was more forgiving than the flat-plate, there was still significant spread across par-
ticipants/codes/models. This behavior is visible in the grid convergence results for lift and drag coef-
ficient at α = 0◦ as shown in Fig. 2 and in the drag polar shown in Fig. 3. Because all participants
used different models, it is impossible to isolate, or even narrow down, the exact cause of the scatter.
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(a) Lift Coefficient (b) Drag Coefficient

Figure 2 – NLF(1)-0416 force-coefficient grid convergence for α = 0◦ and Re = 4×106.[33]

Figure 3 – Predicted NLF(1)-0416 drag polars for Re = 4×106.[33]

3.1.3 Case 3: 6:1 Prolate Spheroid
The 6:1 prolate spheroid [29] was chosen as a three-dimensional verification and validation case due
to its geometric simplicity and relative economy in required mesh size. It is also a configuration that
captures some characteristics of flow over a fuselage, and it is often used in the calibration of cross-
flow transition models. Nevertheless, being a three-dimensional case presented a marked increase
in computational expense over the two-dimensional cases, which slightly reduced the number of par-
ticipant data submissions despite the geometric simplicity. It was also observed that approximately
only one half of the submissions for this case used a model with crossflow transition physics.

For α = 5◦, the impact of a dedicated crossflow transition model was minimal. As the angle of attack
increases to 15◦, however, the flow becomes less axisymmetric and the impact of crossflow transition
becomes very pronounced. A comparison of models with and without dedicated crossflow modeling
for the higher angle is shown in Fig. 4.

3.1.4 Case 4: CRM-NLF
The fourth and final test case was the CRM-NLF. This configuration is a proof-of-concept for the
CAT-NLF design philosophy [34, 30]. The model was tested at high Reynolds numbers in the NASA
National Transonic Facility (NTF) with temperature sensitive paint to visualize the transition fronts on
the wing upper surface. [35] Overall this case garnered more interest from workshop participants
than the prolate spheroid, presumably because it was transonic (making it more relevant to practical
applications) and because it was based on the Common Research Model (providing a connection to
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(a) Without Crossflow Modeling (b) With Crossflow Modeling

Figure 4 – Effect of crossflow transition modeling on the 6:1 prolate spheroid at α = 15◦ and
Re = 6.5×106.[33]

other prediction workshops).

Participant data showed significant spread in forces and moments. An example of this is included as
Fig. 5 which depicts the α = 1.98◦ grid convergence. A major contributor to the spread was inconsis-
tency across codes/models in predicting the shock location on the wing upper surface. An example of
this is shown in Fig. 6. This is much more spread than is typically found in fully turbulent simulations,
and seems to result from strong viscous-inviscid interactions due to the shockwave/boundary-layer
interactions. Participants who used the Menter-type models largely reported upstream transition lo-
cations, but their reported skin-friction distributions suggested a larger spread in transition locations.
Further inquiry into this discrepancy revealed fundamental issues with the turbulence index used to
evaluate transition location.

(a) Lift Coefficient. (b) Drag Coefficient.

Figure 5 – CRM-NLF force-coefficient grid convergence for its cruise point.[33]

3.2 Outcomes
The workshop was successful in assessing the current state of the art in predicting laminar-turbulent
transition using RANS CFD methods, and participants were willing to take risks and try novel model
combinations. While best practices were not identified, there was cross-pollination of ideas across
participant teams. Nevertheless, there was still room for improvement in the workshop: it was not
successful in providing verification of model implementations, and it remains an open question. Many
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Figure 6 – Predicted pressure distributions at various wing stations of the CRM-NLF at its cruise
point.[33]

custom variants of models were used within each major transition modeling framework, and it was
noticed that variations in an accompanying turbulence model can have leading-order effects on the
transition prediction. This was especially true with the viscous-inviscid interactions of the CRM-NLF
case causing strong coupling between the transition point and the mean flow. In the aftermath of
the workshop, multiple groups took the initiative to establish verification benchmarks [36, 10] for
the Langtry-Menter model due to its prevalence in the community. It was also observed during the
workshop that transition location was not a robust verification metric, partly because there were no
acceptable turbulence indices at the time. This led to follow-on work by Carnes and Coder [37]
who derived a turbulence index for the Langtry-Menter transition/turbulence model and confirmed its
behavior.

4. Persisting Modeling Challenges
4.1 Locality and Disparate Transition Mechanisms
One of the most challenging aspects of predicting laminar-turbulent boundary-layer transition using
single-point-closure, PDE-based models is that transition is an inherently non-local process. In low-
turbulence environments, which are typical for external aerodynamic flows, the path to transition is
dominated by linear growth of instabilities as described by wall-normal eigenmodes. There are no
global/universal characteristics of the flow to anchor a model. By contrast, turbulence models are
able to exploit self-similar behaviors in the inertial regime matched up to a universal law of the wall.
Although turbulence may be non-local, its effect on the mean flow can often be well-predicted with
local, single-point closure relations.

Under the broad scope of boundary-layer transition, there are multiple potential mechanisms that
need to be treated independently. This is true whether the model is PDE-based, or if higher-fidelity,
stability-based methods are employed. 2 For example, there are Tollmien-Schlichting waves, separation-
induced transition, crossflow instabilities, hypersonic second-mode instabilities, bypass transition,
etc. Each of these is driven by different flow physics. Many PDE-based models account for multiple

2DNS can capture all of the physics in a single simulation; however, the prediction depends on accurate specification of
quantities like free-stream turbulence spectra and surface roughness, which are often unknown.
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transition mechanisms to enable broad usage; however, this creates a verification challenge: the
set of test cases or the manufactured solutions need to excite all terms in the model. Consider, for
instance, the Langtry-Menter model with a crossflow modeling extension. [3, 15]. Different transi-
tion scenarios that need to be independently verified (based on required if-then statements and
min/max operators) include

• Natural transition in a favorable pressure gradient

• Natural transition in an adverse pressure gradient

• Separation-induced transition, such as via a laminar separation bubble or shockwave

• Bypass transition in a favorable pressure gradient

• Bypass transition in an adverse pressure gradient

• Crossflow transition

By contrast, the original, as-published version of the Spalart-Allmaras model requires no explicit
if-then statements and only one min function to account for finite-precision arithmetic at an asymp-
totic limit [32]. Therefore, the work required to verify a PDE-based transition model is generally much
greater than for a turbulence model since a substantial portion of the model is passive at any given
point in the flow.

4.2 Free-Stream Turbulence Sustainment
A key element of model verification is consistent application of boundary conditions both at the wall
and in the free stream. For models based on the Menter k−ω SST turbulence model [31] (and other
two-equation turbulence models), the decay of turbulence quantities in quiescent free-stream flow
becomes a concern for external aerodynamic flows. For the SST model, the decay is given by the
general forms

ω =
U∞

β2x+ c1
(1)

k = c2 (β2x+ c1)
− β∗

β2 (2)

where the constants c1 and c2 are case-specific.

Available experimental data from the popular T3-series of transitional flat plates include the mea-
sured turbulence intensities along the length of the plate outside of the boundary layer. Although
fitting c1 and c2 is relatively straightforward, evaluating the equations upstream of the plate reveals
that k and ω become singular a relatively short distance ahead of the plate. In other words, if the
inlet is placed too far upstream of the leading edge, there are no real values of k and ω on the inlet
that match the turbulence intensity distribution over the plate. This led to the standard grid family to
have an inlet that is closer than expected to the leading edge. Additionally, the decay behavior is the
reason for the abnormally large inlet eddy viscosity recommended for the T3B case [3, 8] to arrest
the decay.

For airfoil test cases it has been recommended by the author [38] that the far-field boundary be
placed at least 1000 chords from the surface to mitigate its influence on integrated drag. As a result,
the values of k and ω, as well as νt , are very small when the flow reaches the airfoil. The values
are so low that Menter transition models use a limited value. This also reduces, if not eliminates, the
sensitivity of the flow to changing free-stream turbulence levels.

To overcome this problem for external flows with large, open domains, various methods have been
proposed to sustain the turbulence levels. An early attempt was that of Rumsey and Spalart [39, 40]
which add production terms that attract the solution to k∞ and ω∞. The strength of the attractor is
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weak enough that there is little impact on a fully turbulent boundary layer; however, they remain ac-
tive upstream of transition and contaminate the laminar boundary layer. This has prompted various
approaches to suppressing the sustaining terms in the laminar region. The DLR TAU code uses a
spatial switch to ensure the sustaining terms are active only outside of the boundary layer and/or up-
stream of the model [41]. Other methods, such as proposed by Lopes et al. [42], use solution-based
switches to preserve the laminar region. In the author’s opinion, this is still an open topic and no
single method of sustaining free-stream turbulence has emerged as superior.

4.3 Robust Tripping
Another challenge is constructing terms that trip the flow from laminar to turbulent without strong de-
pendency on grid resolution or variations in the turbulence model. For example, the Langtry-Menter
model [3] relies on turbulence kinetic energy near the edge of the boundary layer to diffuse inward
and seed the transition process. For instance, the choice of the TKE source term has a leading-order
effect on the transition location such as depicted in Fig. 7. The primary reason for this is the so-
called stagnation-point anomaly. With the strain-based source term, the excess production around
the stagnation point provides high values of available TKE around the stagnation point. Conversely,
a Kato-Launder source term [43] has less available TKE at both stagnation and transition, and tran-
sition is slightly further downstream. The newer Menter γ transition model [4] addresses the tripping
problem by introducing an additional production term into the turbulence kinetic energy equation.

Figure 7 – Contours of Langtry-Menter intermittency variable showing the effect of TKE production
term definition on transition behavior on the NLF(1)-0416 upper surface.

(Results courtesy of Dr. Jared Carnes)

The SA-AFT model suffers from an entirely different problem. In the standard formulations of the
model (e.g. AFT2014 or AFT2019), the eddy viscosity grows in the laminar boundary-layer at tran-
sition via two modeling terms: the source term cb1Ων̃t and the non-linear diffusion term cb2∇νt ·∇νt .
The source term acts based on a residual, background level of νt/ν and provides exponential growth.
While it may be superficially compelling, it creates an unintended dependency on how close to zero
νt is (i.e., 10−6 and 10−9 may both be acceptable approximations to zero), it can provide orders of
magnitude difference in how the source term grows turbulence. The non-linear diffusion term was
intended for transverse gradients, but the transition front activates the term with sharp streamwise
gradients. This term enables the turbulence to push upstream, particularly when there is coarse
streamwise grid spacing. Recent developments in the SA-AFT model framework by Gosin et al. [11]
have proposed a new trip term that can grow eddy viscosity from a fully laminar initial state. This
alternative was used successfully by Simpson et al. [44], though more experience with this variant is
required before any conclusions can be drawn.
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4.4 Calculation of Pressure-Gradient Parameters and Crossflow Sensors
A third persisting challenge is construction of the solution-based sensors to determine the margin to
transition. This includes both pressure-gradient parameters (which are interchangeable with laminar
boundary-layer shape factors) and crossflow sensors. The Langtry-Menter model was the first PDE-
based model to include dedicated, calibrated effects of pressure gradient on transition. It uses a local
parameter

λθ =
θ 2

ν

dU
ds

(3)

which is based on the integral Thwaits-Walz parameter with θ estimated based on wall distance. The
model is calibrated based on the value of λθ at the edge of the boundary layer to calculate the tran-
sitional momentum-thickness Reynolds number R̃eθ ,t , which is then diffused into the boundary layer.
While this parameter has been used with success, it is not Galilean invariant and the requirement
that it diffuse into the boundary layer creates convergence challenges.

The original version of the AFT model used the local shape factor,

HL =
Ωd
Ue

(4)

to capture pressure gradient effects. While the numerator is fully local, the denominator is an estimate
of the velocity at the edge of the boundary layer. Closure is provided by assuming isentropic flow
outside of the boundary layer, (

γ

γ −1

)
P∞

ρ∞

+
1
2

U2
∞ =

(
γ

γ −1

)
P
ρe

+
1
2

U2
e (5)

ρe = ρ∞

(
P
P∞

)1/γ

(6)

This local shape factor was found to be very useful for estimating integral boundary-layer properties,
but the isentropic assumption limited its applicability to the subsonic and transonic regimes for steady
flows.

Subsequently, Menter introduced a new, fully local pressure gradient parameter defined as

λθ =
d2

ν

∂

∂n
(⃗u · n̂) (7)

The derivative in this expression is the wall-normal derivative of the wall-normal component of ve-
locity as a generalization of ∂v

∂y in conventional boundary-layer coordinates. This term is fully local
and Galilean invariant, which is a compelling quantity. It also prompted the author to adopt it in the
AFT2017 [20] and AFT2019 [6] variants aimed primarily at rotorcraft simulations. Although this pres-
sure gradient parameter has been used successfully in some codes, it is prone to numerical issues.
Adjoint-based mesh adaptation studies by Gosin showed difficulty grid converging the parameter with
noise/irregularity that persisted [11]; however, there may be a sensitivity to the manner in which wall
distance is calculated that has not been fully explored [44].

4.5 Differentiability and Numerical Robustness
A pervasive issue with PDE-based transition models is the difficulty of converging them to machine
zero and achieving grid-independent solutions. Much of this is anecdotal, though there have been
some documented studies such as the ones by Venkatachari et al. [10] and Vogel et al. [45]. A com-
mon best practice is that structured/quad surface meshes provide better, more consistent predictions
than triangular meshes, but it is commonly expected that the two mesh types will predict different
transition fronts for the same geometry.

One of the major hindrances of transition model convergence is the prevalence of limiters and
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switches that are non-differentiable. Recognizing this, there have been several attempts at con-
structing "smooth" variants of the models. Piotrowski and Zingg [46] worked to smooth out all non-
differentiable features of the Langtry-Menter model correlations as coupled with the Spalart-Allmaras
turbulence model, and they were able to demonstrate significant improvement in residual conver-
gence. Gosin et al. [11] did something similar with the SA-AFT model to implement it in a finite-
element solver with adjoint-based mesh adaptation, and Simpson et al. [44] went even further by
introducing a pressure gradient parameter with better numerical behavior.

5. Plans for Second AIAA Transition Modeling and Prediction Workshop
Building on the successes and recognizing the lingering open questions from the first workshop, a
second workshop (CFDTMPW-2) is planned for AIAA SciTech 2027 (a "pre-workshop") and AIAA Avi-
ation 2027 (the main workshop), with activities already underway. A feature of the second workshop
is the adoption of the Technology Focus Group (TFG) model, first used in the High-Lift Prediction
Workshop series, for organizing activities. This allows participants to focus on one (or more) focus
areas aligned with their individual/organizational priorities without needing to devote temporal and
computational resources running cases not of interest. For this workshop, the TFGs are divided
based on flight regime, as each presents its own physical and numerical challenges. These are Low-
Speed, Transonic, and Hypersonic.

Transcending the TFGs is a concerted effort to verify model implementations. To this end, partic-
ipants have been encouraged to implement the Langtry-Menter model [3]. Many codes, whether
commercial, government, or academic, feature a γ −Reθ ,t-type transition model coupled with the SST
turbulence model, so converting the implemented correlations to the as-published ones is feasible.

5.1 Technology Focus Groups
5.1.1 Low-Speed
The Low-Speed TFG is tasked with studying the predictive capabilities of models in the fully subsonic
regime. Arguably, this is the most mature regime since it aligns well with the intended use cases of
many existing PDE-based models, and it lacks the complications associated with shockwaves. Four
test cases have been identified for the second workshop:

1. NLF(1)-0416 airfoil

2. Infinite swept wing

3. NASA Juncture Flow Model

4. TU Braunschweig SE2A 3d/x-wing

The NLF(1)-0416 airfoil case is the same as from the first workshop, as it has become a standard
test case for PDE-based models across the community. The family of structured C-grids provided for
the first workshop go to a resolution 2113× 289 points, while Venkatachari et al. [10] extended the
family to 4225×577 points.

The other three test cases are new for the second workshop and feature varying levels of geometric
complexity. All of them have a strong influence from crossflow transition. The infinite swept wing
case uses the NACA 642A015 airfoil and is based on the experiment of Boltz et al. conducted in the
NASA Ames 12-ft wind tunnel [47]. The NASA Juncture Flow Model [48] is a more modern test case
for which detailed experimental measurements are available. A further benefit of the Juncture Flow
Model is that the geometric definition is fully parametric, which is anticipated to enable higher quality
mesh generation and reduced ambiguity in how the model is computationally represented. Finally,
the TU Braunschweig SE2A wing is an evolution of the Petzold-Radespiel sickle wing that provides
spanwise-varying crossflow [49].
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5.1.2 Transonic
The Transonic TFG focuses on test cases relevant to commercial aviation. Two test cases have been
selected:

1. VA-2 Supercritical Airfoil

2. CRM-NLF

The CRM-NLF case is the same as in the first prediction workshop, as the participant data spread
warrants further study in the second workshop. A downside of this case is that its three-dimensionality
makes a full verification study prohibitively expensive for some participants. Therefore, a cheaper
alternative was identified in the VA-2 supercritical airfoil [50]. The VA-2 case is based on the work
of Costantini [51] and has a Reynolds number of 10× 106, which will exercise the models’ ability to
predict natural transition. A grid family for the VA-2 has been generated using conformal mapping
methods to ensure smoothness and consistency across all levels and made available to workshop
participants. The provided grid resolutions range from 199×49 to 4753×1153 points.

5.1.3 Hypersonic
A flight regime that elicits great community interest is that of hypersonics. Boundary-layer transition
at these regimes behaves quite differently than for subsonic and transonic flows, as the thermoa-
coustic second Mack mode often becomes the dominant streamwise instability. Further complicating
hypersonic transition prediction is that the entire flight vehicle (or test article) is influenced by shock-
dominated flow. Unlike transonic flows where the outer flow remains isentropic (or nearly so) until the
main shock on the wing, hypersonic articles have strong shockwaves at the nose. Thus, the entire
boundary-layer flow, including the transition process, sets up downstream of a shockwave. If the
leading-edge is blunt, the curved bow shock introduces entropy gradients and an entropy layer that
itself influences the transition process. Prior studies by Cutrone et al. [52] highlight the sensitivity of
leading models to seemingly arbitrary user choices. Although the same test case cannot be used in
the workshop, three cases have been identified:

1. T4 Hypersonic Flat Plate

2. HIFiRE-5 Elliptic Cone

3. HIAD IRVE Scallop-5

These cases span from canonical to complex, allowing the hypersonic transition modeling capabilities
to be fully exercised. The flat-plate case is based on the experiments by Mee in the University of
Queensland T4 shock tunnel [53]. With the geometric simplicity, this case is also being used for
verification studies with 13 levels of grid resolution being provided to participants. The HIFiRE-5
case is the primary three-dimensional test case, striking a balance between three-dimensionality and
geometric simplicity (it is parametrically defined). The test conditions are based on the experiments
by Juliano et al. in the Purdue BAM6QT [54]. The Hypersonic Inflatable Aerodynamic Decelerator
(HIAD) test case is a bluff-body case and represents the importance of boundary-layer transition in
atmospheric (re)entry. The conditions are based on those from the NASA LaRC 20-inch, Mach 6
tunnel.

6. Conclusion
Verification and validation of PDE-based transition models remains an open topic. The AIAA CFD
Transition Modeling and Discussion Group serves to promote such activities within the relevant tech-
nical communities (modelers, practitioners, code developers, etc.), and has organized two AIAA CFD
Transition Modeling and Prediction Workshops. The first, CFDTMPW-1, was held in 2021. Unfor-
tunately, verification was impossible due to each participant team using a different model. It also
was not always clear which metric should be used to compare results (e.g., skin friction at a given
location, integrated force and moment) to definitively quantify the solution. Transition location is not
valid for comparison since it is a distributed process, and at the time there was no robust turbulence
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index. The second workshop, CFDTMPW-2, is being held in 2027, and has divided the effort into
three Technology Focus Groups based on flight regime, each with their own set of test cases. By
having separate validation cases, the transition criteria that are most relevant can be assessed.

The author hopes that CFDTMPW-2 will lead to a database of verified solutions against which devel-
opers can benchmark their implementation of existing models and/or assess the predictive accuracy
of new models. The author also hopes that progress continues toward addressing the persisting
challenges of predicting transition in an industrial CFD environment.
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