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Abstract

Computational and experimental investigations of flow over athletes are key elements of sports fluid dynamics to analyse
performance and equipment design. However, the use of athlete-specific models often limits reproducibility, collaboration,
and data sharing due to ethical and competitive constraints. This paper introduces and defines Generic Athlete Models as
openly available, standardized geometries accompanied by benchmark flow datasets. The case is made that such models
are essential to improve the reliability, comparability, and transparency of fluid dynamics research in sports. While only a
few generic athlete models currently exist, this paper outlines clear directions for their further development and broader

adoption.

Keywords Aerodynamics - Fluid dynamics - Wind tunnel testing - Computational fluid dynamics -

models

1 Introduction

Sports fluid dynamics describes the motion of a fluid, gen-
erally air or water, interacting with one or more athletes
and their equipment. For a long time, research in this field
focused on just measuring the forces acting on the athletes.
Facilitated by technical innovation, in the last decade this
focus shifted towards understanding the flow around the
athlete. Computational Fluid Dynamics (CFD) studies
numerically solve the governing equations of fluid flow.
Advances in CFD methodology and increased computing
power now allow the routine use of athlete models with
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Generic athlete

high morphological detail. In parallel, physical experiments
in water channels and wind tunnels employ advanced flow
measurement techniques. Methods such as large-scale three-
dimensional particle image velocimetry provide deeper
insight into the flow around athletes and realistic athlete
replicas. These techniques have been applied to a wide vari-
ety of sports where fluid-dynamic forces play a pivotal role,
including cycling [1-3], running [4], skiing [5, 6], speed
skating [7, 8], ski jumping [9] and swimming [10].

The practical nature of sports engineering entails that
research groups are often working with sports teams, having
access to specific professional athletes. While working with
top level athletes may be important for the relevance and
quality of the work, this also means that privacy laws and
competitive confidentiality hampers sharing and publishing
athlete data and research results. The use of anonymous,
or generic, athlete geometries, instead, allows researchers
to work collaboratively, build a growing knowledge base
and publish their datasets (geometric and flow informa-
tion), without constraints. Recently, some steps have been
taken in this direction [11, 12] and, hence, a comprehensible
overview and outlook is desired, proving some clarity about
what such generic geometries or models are and how they
may be used in the future.

This ten-question paper reviews the literature to examine
the use of generic models in other industries (Question 1)
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and to define the concept of a generic athlete model (GAM)
(Question 2). Existing GAMs are reviewed, and the most
relevant flow characteristics are discussed in relation to
human body shape (Questions 3 and 4). The paper then
examines the need for GAMs in wind tunnel and CFD com-
parisons and explains how future wind tunnel experiments
can support CFD validation (Questions 5-8). Finally, tech-
nologies are discussed that are used to develop GAMs and
an outlook is provided on the foreseen evolution of GAMs
in the coming years (Questions 9 and 10, respectively).

1.1 How have generic models been useful in other
industries?

Generic models have been introduced in other research areas,
e.g. the Windsor body and the DrivAer model in the auto-
motive industry and the NASA Common Research Model in
the aerospace industry, as shown in Fig. 1. The word model,
or body, refers to the geometry of the object. Researchers
and industry experts have designed these geometries with
the intention of generic usage in mind. The digital geom-
etries are made openly available to everyone via websites
[16-18], to be used for experimental and numerical inves-
tigations. Physical models are manufactured for experi-
ments in water and air, which have focused, among others,
on the development of flow control strategies to optimize
aerodynamic performance [19]. Experiment-to-experiment
comparisons using generic models have also been used to
improve understanding of wind tunnel results, e.g. through
initiatives such as the Commonized Automotive Aerody-
namic Test Standards (CAATS) [20, 21].

Workshops have been organized to compare numeri-
cal results, among each other, and with the experimental
benchmark [22, 23]. In the latest automotive CFD pre-
diction workshop, the DrivAer model was simulated by
more than 30 different groups with a wide variety of CFD
solvers (including OpenFOAM, ANSYS Fluent, Siemens
Star-CCM+, Dassault Systemes PowerFlow, FlexCom-
pute Flow360, Volcano ScaLES, KM-Turbulenz MGLET).
The large participation demonstrates the popularity of this
approach, and these workshops become important arenas
for furthering the field, allowing impartial comparison of
results and identifications of areas needing further research.

1.2 What is a generic athlete model compared to a
conventional model?

In the current context, a conventional model is defined as
an anthropometric realistic geometry of an athlete used for
sport fluid dynamics research. Such models have been used
for over a decade and are generally obtained by scanning the
athlete [24]. Because of ethics and competitive constraints
these geometries are rarely shared, hampering others to
use them. In contrast to conventional models, GAMs are
openly shared to allow others to use them for experimental
or numerical investigation and validation. How the use of
generic models leads to further insight is discussed in Ques-
tions 5 to 8.

A definition of a generic athlete model can be based on
the experience with generic models in the automotive and
aerospace industry (see Question 1) and the recent work of
Terra et al. [12] and Giljarhus and Shaukat [13].

Firstly, a GAM is freely available for everyone, meaning
it is published open access. Secondly, the athlete geometry of
a GAM is accompanied by a dataset containing the obtained
flow information around the geometry. This dataset is also
freely available. The GAM and the flow are discussed,
and the findings are presented in a peer-reviewed paper, to
ensure confidence in the results and to allow other research-
ers to advance on the work. Thirdly, a GAM has a generic
geometry representing a larger population of shapes, in this
context a group of athletes. The members that belong to the
population may be of the same sport, exhibit similar posture
or can be characterised by another feature that significantly
differentiates the athlete shape from the overall average. A
generic model of a skier, for example, can be an average of
a group of females (in contrast to males) down-hill skiers (a
skier in slalom is in a different posture). Sport equipment,
such as bikes, skis or helmets, may be part of the dataset
on GAMs, but these are not generic models by themselves.

Considering the various models used in sports fluid
dynamics research, a model hierarchy is proposed, mainly
based on an increasing anthropometric realism. The first
level, the fluid dynamics canonical cases, such as the circu-
lar cylinder and the sphere, exhibit a limited level of realism.
The second level of models is closer to a full athlete model
but lack some anthropometric realism or completeness, such

Fig. 1 Examples of generic models in other industries. From left to right: The Windsor body [13], the DrivAer body [14] and the NASA Common

Research Model [15]
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Fig.2 Cylinder human geometry, reproduced with permission from Len Brownlie (left; [24]) and four Generic Athlete Models (right). The GAMs
from left to right: Level 2 GAM of a speed-skater [26]; Level 2 GAM of a head-torso [12]; Level 3 GAM of two cyclists [11]

as building a human model from cylinders as introduced by
Brownlie [25]. There are valid reasons to use such models,
instead of geometrically more realistic ones, e.g. to simplify
manufacturing, simplify numerical simulations or to study
the flow around isolated human features. The third, and
final GAM level entails models that represent a complete
athlete and are anthropometrically realistic. Tests conducted
on such models best reproduce the flow over real athletes.
Realistic GAMs may therefore also be used for athlete pos-
ture optimization and garment testing. However, to what
extent these results apply also to individual athletes is yet
unknown.

1.3 What generic models and development efforts
exist in the field of sports fluid dynamics?

One of the first simplified human models was introduced
by Brownlie [25, 26], consisting of an assembly of circular
cylinders and a sphere (see Fig. 2-left). It was used to test
drag-reducing suits. However, it is not considered a GAM,
as its geometry was not made available. If the geometry
would have been published, it may have been qualified as
a level 1 GAM. To the best knowledge of the authors, only
four athlete models have been openly published.

Puelles Magan et al. [27] introduced a speed-skater
model which was used for helmet design through numerical
simulations (Fig. 2-second). In 2021, the authors published
the geometry of the skater and the resulting flow fields.
The human model was obtained from an online database
available in the MakeHuman software [28]. Subsequently,
virtual skeleton methodology (VSM) [29, 30] was used to
change the position of the human model into the speed-skat-
ing posture. This combination of techniques resulted in a
model exhibiting unrealistic anthropometric features, such
as a large head and a bulgy chest, hence, it is categorized as
alevel 2 GAM.

Another proposed model is the head-torso model (Fig. 2-
third; Giljarhus and Shaukat [12]) that was introduced for

the purpose of CFD validation. The objective was to mimic
important flow features related to the head and upper body
and have a model that could be used across different sports
to enable contributions from more groups. The lack of arms
and legs also reduces computational effort but may make
the model less suitable for studying the effect of more com-
plex flow interactions, i.e. the effect that one limb has on the
flow around another. It was based on a 3D scan of a dummy,
combined with averaging multiple athlete geometries that
were obtained by scanning individual athletes. The result-
ing anonymous model is freely accessible, but detailed flow
data is currently not shared. Hence it does not fully qualify
as a GAM according to the criteria presented here.

Finally, two generic cyclist models (GCMs) were intro-
duced by Terra et al. [11] (Fig. 2-right); one in sprint (or
drops) and one in time-trial position. These level 3 GAMs
were also obtained through rider scanning and averaging.
The specific averaging technique [31] avoids the loss of
anthropometric realistic features. The GAM geometry was
used to manufacture full-scale wind tunnel models using
additive manufacturing. The athlete geometry, the measured
flow information and the aerodynamic drag and lift acting
on the models are freely accessible [32]. The authors discuss
foreseen future variations of the model including manage-
ment of the models via an open-access online repository.

1.4 What are the relevant flow phenomena in sport
fluid dynamics to be considered in the development
of generic athlete models?

Many of the features present in the flow over athletes is
present as well in flow over concave, rounded, bluff bod-
ies, such as spheres and cylinders. The time-averaged flow
over such circular bodies exhibits a wide wake with a large
reverse flow, low pressure region [33, 34]. Upstream of the
model a high-pressure region exists, while after separation,
the pressure is negative, resulting in a large pressure differ-
ential and a high pressure drag.

INTERNATIONAL SPORTS ENGINEERING ASSOCIATION
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The flow over rounded bluff geometries is governed by
the Reynolds number, Re, relating the inertial forces to the
viscous forces:

_pVL
I

Re

where V is the velocity, L a characteristic length scale (e.g.
the diameter in the case of a cylinder) and p and x the flu-
id’s density and dynamic viscosity, respectively. Within the
Reynolds number range applicable to sport fluid dynamics,
10* (e.g. arm of marathon runner) to 10° (e.g. torso of down-
hill skier), several flow regimes are observed, governed by
the state of the boundary layer [35]. With increasing Re,
the boundary layer transitions from a laminar state, where
the flow exhibits a wide wake and high drag, to turbulence,
postponing the point of separation, narrowing the wake and
reducing the drag coefficient. This transition process is not
only governed by the Reynolds number but also affected
by freestream turbulence (see e.g. for cylinder [36], speed-
skater [37] and cyclist [38]) and surface roughness (see e.g.
for cylinder [39] and cyclist [25]). For a single cylinder or
sphere, the transition yields an abrupt and significant reduc-
tion in drag, often referred to as the drag crisis. However, in
more complex configurations, the effect of transition can be
less pronounced.

The human body features a bluff geometry as well,
although more complex than that of cylinders and spheres.
Depending on athlete posture and orientation, the flow
exhibits multiple regions of flow separation e.g. along
the hands, arms, head, torso and legs [4, 38, 40, 41]. The
separation is affected by flow interactions between the dif-
ferent limbs and by the continuously changing posture of
the athlete (e.g. pedalling cyclist [42]), in addition to the
aforementioned parameters (Reynolds number, turbulence,
roughness). Around athletes that generate lift in addition to
drag, such as ski jumpers or a swimmer’s hand, the flow
exhibits significant downwash opposite to the lift direction.
This downwash is accompanied by coherent vortex struc-
tures [43], similar to the flow topology of low-aspect-ratio
wings.

1.5 How do GAMs help in relating results from
different wind and water tunnel facilities?

Measurement of the fluid-dynamic performance of an ath-
lete in a specific condition (e.g. a time-trial cyclist) yields
results that differ from experiment to experiment [44]. To
some extent these differences can be ascribed to geometrical
differences between the models. However, the discrepancy
between experiments also stems from differences among the

INTERNATIONAL SPORTS ENGINEERING ASSOCIATION

experimental facilities [45]. The most relevant of these are
shortly addressed here.

To start with, the flow uniformity and freestream tur-
bulence affect the athlete fluid-dynamic performance. The
boundary layer, flow separation and, in turn the flow resis-
tance, are particularly sensitive to the latter. Water channels
and wind tunnels are typically designed for low freestream
turbulence levels: large wind tunnels used for athlete aero-
dynamic research generally exhibit a turbulence intensity
below 2%. A variation of the turbulence intensity within
this relatively small 2% range can result in a change of the
aerodynamic drag that exceeds 10% [38].

Furthermore, the flow is characterized by the type and
size of the test section that is bounding the flow around the
model. These boundaries cause blockage effects (e.g. solid
model blockage, wake blockage, jet/collector blockage) and
induce horizontal buoyancy. The former is generally cor-
rected for when the blockage ratio exceeds 3%, which occurs
frequently when working with human size bluff bodies in
medium size wind tunnels (see e.g. Refs. [5, 46]). Moreover,
the flow around the athlete may be altered by measurement
instrumentation, such as surface pressure ports and wake
rakes [47], and model supports (e.g. to keep a bike upright).
Also, measurement error is associated to the operator, the
measurement equipment and the measurement procedure,
such as observation time, frequency and repeatability.

Altogether, many experimental parameters affect the
obtained results. Differences in the results between experi-
ments can be minimized through application of standardized
procedures and protocols [48], similar to the CAATS in the
automotive industry. The use of a GAM is an important part
of such common test protocol. The use of a common athlete
geometry should narrow variation in future results among
different facilities. Any remaining variations can then be
better interpreted and related to the specific experimental
conditions, such as turbulence intensity, model orientation,
or garment configuration).

1.6 How can we conduct experiments on generic
models to aid CFD validation?

In previous sections it has been discussed that the flow
around an athlete model is affected by various wind tunnel
characteristics and by the Reynolds number, the geometry of
the model and its surface properties. To facilitate a consistent
comparison of CFD results to experimental work, all these
parameters should be measured during experiments so they
can be replicated in simulations. Measurements on scaled
models should ideally be avoided. Even though dynamic
similarity between the experiment and the simulation may
be satisfied (increasing wind tunnel speed to account for the
smaller model scale), the micro-scale surface properties can
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generally not be scaled accordingly which can significantly
affect the measured overall flow topology.

Experimental work can further aid CFD validation
through the measurement of local and whole flow field
information. Currently, the fluid-dynamic loads measured
experimentally are typically used to validate numerical
work. Such integral quantities, however, can lead to false
comparisons. There is a risk that models can produce the
correct integrated quantity for some cases, while still not
simulating the correct flow field. To obtain local flow infor-
mation instead of integral quantities, various flow measure-
ment techniques are already used in sports fluid dynamics,
such as application of pressure taps [47], the use of wake
rakes [38, 47] and particle image velocimetry (PIV) [2, 3].
Large-scale 3D PIV, in particular, allows to measure the
flow field all around geometrically complex human-scaled
models, providing a suitable benchmark for CFD validation.
Producing GAM benchmark data requires non-traditional
experiments, focused more on the description of bound-
ary conditions and result uncertainty than on obtaining new
insights into a specific physical mechanism [50]. The work
of Brown et al. [51], comparing the flow in the wake of
the 3D printed generic cyclist model in time-trial position
obtained in different wind tunnels, can be considered a first
step into this direction.

1.7 How can generic models improve the reliability
of CFD simulations in sports?

There is currently a large amount of CFD studies performed
together with wind tunnel validation. Sensitivity studies are
also performed investigating the impact of different turbu-
lence, grids and numerical settings [52].

Simulations are primarily performed on static models
with smooth surfaces. The main uncertainties concern the
ability of Reynolds-Averaged Navier—Stokes (RANS) mod-
els to resolve complex separated flows and boundary layer
phenomena, such as laminar-to-turbulent transition [53].
Additional uncertainties arise from the effects of textile
roughness [54] and athlete motion on the flow [47]. RANS
computes only the mean flow field and uses turbulence mod-
els to approximate the effect of all turbulent fluctuations.
This makes it computationally efficient but also sensitive
to model assumptions in situations where unsteady vortical
structures and separation dominate, which is often the case
in sports fluid dynamics.

Large Eddy Simulation (LES), in contrast, resolves the
major turbulent motions directly and models only the small-
est scales. LES can therefore capture unsteady wake dynam-
ics and transient behavior more faithfully than RANS.
However, the computational cost of LES remains signifi-
cantly higher, which limits its widespread use.

While there are examples of validation studies of flow
around a single athlete, both using physical athletes [1, 5, 6]
and manufactured models [2, 3, 8], there are currently few
repeated studies on the same geometry by different research
groups. Reproducibility is a critical element of the scientific
method, ensuring transparency and robustness, and acts as a
safeguard against error, bias, or coincidence.

Generic models will enable multiple groups to work on
the same models, leading to higher reliability and trust in
CFD simulations. The use of generic models can also lead
to a large body of experimental results on the same models,
enabling increased insight into where the CFD models per-
form well and where they need further development.

1.8 What are the next steps in CFD validation in
sports fluid dynamics?

As mentioned, the use of LES is currently limited due to
computational cost. However, the rapid development of
graphics-processing units (GPUs), which are used for train-
ing artificial intelligence models, also benefit CFD solvers.
This may lead to increased use of such methods, which needs
high-quality validation data to compare against. Another
recent trend in CFD modelling is uncertainty quantifica-
tion (UQ). The application of CFD involves both aleatoric
(inherent variability) and epistemic (limited knowledge or
modelling assumptions) uncertainties, and through paramet-
ric studies and statistical methods these can be quantified
and controlled. Having standardized benchmark cases rel-
evant to sports engineering would help evaluating the ben-
efits of these emerging technologies.

Moving beyond the current state-of-the-art, some spe-
cific sports-related issues in modelling that are still open for
research are the behaviour of moving bodies, interactions
between the athlete and their equipment and environment,
the effect of textiles and vortex generators, and thermo-
regulation. Generic models will be an important foundation
for developing new methodologies and validating models
for these phenomena, not only for athletes but also sports
equipment.

When developing validation cases for CFD, it is also
important to keep the complexity of simulation setup and
simulation time in mind. As a comparison, the grid size used
for the simplified car model in the most recent AutoCFD
workshop was 37 million and 150 million for the detailed
car model [55]. Simpler test cases may allow more partici-
pation. However, there were also more participants submit-
ting simulations for the detailed model, which may suggest
a desire to work on more realistic cases.

INTERNATIONAL SPORTS ENGINEERING ASSOCIATION
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1.9 What technologies can assist in the creation of
generic athlete validation geometries?

The first step towards a generic validation case is creating a
digital generic athlete geometry. In a second step a physical
model is manufactured. The digital geometry can be cre-
ated using published anthropometric data and morphing the
human geometry into the desired posture using e.g. VSM.
In such cases care need to be taken to avoid non-realistic
models [56].

Relatively low-cost handheld scanners, such as Artec Eva
(Artec3D, Luxembourg) or ZEISS T-SCAN hawk 2 (Zeiss,
Oberkochen, Germany), can create high-quality, detailed
models of a full-body athlete. One issue of this method is
the need for the athlete to remain stationary for up to several
minutes, which is demanding on them and may decrease
accuracy. A faster method is to use photogrammetry, i.e.
multiple cameras, which are now increasingly becom-
ing available, e.g. Artec Shapify Booth or botspot FLEX
(botspot 3D Scan, Berlin, Germany). Once multiple bodies
are obtained, these can be combined into a generic model by
averaging multiple models [11]. Using techniques like the
VSM, these generic models can also be further modified to
study e.g. different leg positions, or to investigate the sensi-
tivity of the position to the performance.

There are also emerging Al methods to construct 3D
models from a limited number of pictures [57, 58], as well as
pose databases such as SportsPose [59]. Additionally, there
are general human body shapes created for computer vision,
such as the Skinned Multi-Person Linear Model (SMPL)
[60], that can potentially be adapted to sports poses. Cur-
rently the training data used for these Al methods and the
poses in these databases do not contain typical acrodynamic
postures, but there are promising recent developments [61].

Finally, to create physical GAMs for experimental test-
ing, the same techniques can be employed as to manufacture
conventional anthropometrically realistic athlete models,
e.g. computer numerical controlled (CNC) milling [38] and
additive manufacturing [12].

1.10 What are the next steps in generic model
generation and application?

There are several relevant steps in further development and
use of GAMs; improvement of numerical and experimen-
tal techniques, development of new and improved GAMs,
and application of GAMs to further understand sports fluid
dynamics.

The application of GAMs in validation of numerical
simulations is particularly relevant. The published generic
cyclist model and the experimentally measured flow around
it can be used for the validation of numerical simulations.

INTERNATIONAL SPORTS ENGINEERING ASSOCIATION

Workshops may be organized, like initiatives in other indus-
tries, focusing on validation within sports engineering to
bring together different research groups. As additional data
become available for a GAM, existing data repositories
may be extended in a controlled manner to enrich the data-
set. This approach preserves traceability, consistency, and
reproducibility across dataset versions.

Development of new models are also foreseen, as dis-
cussed in the work on the Generic Cyclist Model [11], for
example a female cyclist model, to understand the impact of
gender anthropometric differences on the flow, and models
in other sports than cycling.

An important question in future development is to find
the appropriate level of generalization. This is not always
clear a-priory, e.g. a group of athletes with particularly long
legs may exhibit significantly different aerodynamic charac-
teristics than the average. If it can be demonstrated that leg-
length is a differentiating characteristic of an athlete, a new
generic model may be introduced. Terra et al. [11] suggest
that the cyclist’s shoulder width significantly governs the
wake topology. If this can be demonstrated this may poten-
tially lead to a new GAM.

Instead of introducing new generic models, modifica-
tions and additions to an existing model are also possible.
Giljarhus and Shaukat [12] suggest using VSM to make
small modifications to the human shape. This method
allows to make changes to the outer shape of the GAM by
rigging the individual bones that are introduced inside the
geometry in e.g. Blender etc. VSM can also be used to find
the position of an athlete that results in the optimal aerody-
namic characteristics [62]. For small changes in position, it
seems unnecessary to introduce a new model. Potential new
developments related to VSM, increasing the level of real-
ism, include improved skinning method, such as Dual Qua-
ternion Skinning [63], and more realistic muscle behaviour
through muscle simulation systems [64].

Finally, a challenge lies in the development of moving
GAMs to develop a better understanding of the effects of
these unsteady body motions on the fluid dynamic perfor-
mance. One aspect is the replication of the human soft tis-
sue [65], which would allow to produce an anthropometric
realistic moving GAM.

2 Discussion

Current GAMs are still sparse in diversity, i.e. sports activ-
ity, gender, body type, and motion states, with only the
speed-skater model and the cyclist model (both male) sat-
isfying the criteria put forth by the authors. The success
of generic models in other industries suggests that the
use of GAMs can promote our understanding of the flow
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around human athletes, through the ability to work on the
same model, reproduce each other’s results and advance it.
GAMs are free to use for everyone and, upon introduction,
accompanied by a peer-reviewed paper and an open-access
flow dataset. This allows to ascribe differences in experi-
mental results among various facilities to the specific fea-
tures of those facilities and provides a benchmark database
for qualitative CFD validation. The availability of GAMs
also provides researchers with high quality reference data,
that they would otherwise not have been able to obtain. The
availability of GAMs also allows researchers to advance the
sports fluid dynamics knowledge by focusing on their spe-
cific research topics and not having to create reference data
themselves.

Creating anthropometric realistic yet generic models
require balancing simplification with realism, poses chal-
lenges in model generation and requires careful thinking of
the specific purpose of the GAM: an over-simplified generic
model may not exhibit the flow features of the parent ath-
letes, while a too detailed model may hamper adoption for
numerical applications. Careful consideration is required by
the scientific community, when deciding whether to adopt a
new GAM or to introduce an adaptation of an existing one;
an abundance of all kinds of different GAM flavours seem
undesirable and may become confusing. A central storage
location and an overarching storage structure for all GAMs
may provide the necessary overview and clarity that avoids
such overgrowth.

Moreover, building a GAM database requires a different
type of experiment; one that is specifically designed for the
purpose of benchmarking and aims to obtain whole-field
flow data instead of integral quantities.

Future work should expand the GAM library to other
sports and athlete demographics. Collaborative validation
workshops, similar to those in the aerospace and automotive
fields, would strengthen benchmarking practices and accel-
erate progress. Anthropomorphic realistic moving human
models would allow to extent the database for cases where
unsteady flow features dominate athlete fluid-dynamic per-
formance. Finally, extending the GAM approach to sport-
specific equipment and apparel could also yield valuable
insights beyond the athlete body alone.

3 Conclusion

This paper has attempted to define generic athlete models
(GAMs) in the context of sports engineering. Key take-
aways include the importance of full-body, anthropometric
realism; the benefits of open-access, peer-reviewed data;
and the potential for GAMs to serve as shared references for
CFD validation and experimental benchmarking. GAMs are

an important development to improve reproducibility, col-
laboration, and reliability in sport fluid dynamics.
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