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Abstract
Cycling performance is strongly dependent on aerodynamic drag, of which the majority is attributable to the rider.
Previous studies have shown the importance of optimising athlete posture on the bicycle for individual time-trial events.
This article identifies that performance in road cycling and draft-legal triathlon can be improved through aerodynamic
optimisation of the athlete’s posture. Nine relevant cycling postures have been studied, and it was found that for road
cycling, gripping the hoods with horizontal forearms can reduce the required cyclist power by 13.4%, and for draft-legal
triathlon applications, the use of short bar extensions reduced the required power by up to 16.7%. It was also found that
lowering the eyes and head increased drag in both drops and triathlon postures. Measurements of the velocity profiles
of the wake of a cyclist in four different postures are presented, and it is shown that differences in drag coefficients
between postures can be correlated with changes in the wake velocity defect and turbulence intensity distribution.
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Introduction

The importance of aerodynamics to the performance of
elite cyclists is well established1–5 and widely recog-
nised. For an individual cyclist travelling at 50 km/h,
over 90% of his or her output power is expended over-
coming aerodynamic drag.1–3 While the bicycle is a
source of drag, the majority can be attributed to the
cyclist.1,6

The aerodynamic drag of a cyclist has been shown
to vary according to the posture of the rider. Four rid-
ing postures are most commonly identified in the exist-
ing literature: hands on the flat of bars sitting upright
(climbing posture), hands on the brake levers in con-
ventional riding posture (hoods posture), traditional
racing posture with hands on the curved part of the
handlebars (drops posture) and a time-trial posture.
The time-trial posture utilises different bicycle geome-
try and setup to road cycling, which allows the riders
to position their arms in front of their torso. Several
studies have compared these postures and have found
the same relative aerodynamic performance.1,2,6–8 The
time-trial posture has the lowest drag, followed by, in
order of lowest to highest drag, the drops posture,
hoods posture and climbing posture. The time-trial
posture has been shown to offer a drag reduction of

5%–30% over the conventional road racing posture on
the drops.2,5–8

While the time-trial posture has been shown to be
the most aerodynamically efficient form of cycling,
subtle variations can be made to this general posture,
which can amount up to 10% change in the total
drag.9–12 Such results show that there is significant
room for optimisation of a cyclist even within the
framework of the general time-trial posture. It logically
follows that the posture of road cyclists may be opti-
mised in a similar way.

Road races have many factors that make modelling
performance gains more difficult to achieve and reduce
the contribution of aerodynamics to overall perfor-
mance. Road cycling races are mass start events, which
means athletes are subject to complex aerodynamic
interactions as well as through team tactics. It has been
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shown that a trailing or drafting cyclist can reduce drag
by up to 49%.8,13–18 As such, riders travelling in a large
group can travel at well below maximum output. Road
races also often include high gradient climbs, where
speed is significantly reduced and aerodynamic drag
becomes a less significant component of resistance.
Road cycling events are also often significantly longer
than time-trial or pursuit events, making athlete com-
fort a more important consideration.

The combined effect of these factors has led to a per-
ception that aerodynamics is a secondary performance
factor in road racing events. This has resulted in far less
attention to the evolution of road cycling aerodynamics
when compared to time-trial racing. However, there
are still times during these events when aerodynamics
remains vital. In particular, aerodynamics plays a key
role in sprint finishes, breaking away from a group, rid-
ing on the front of a group and chasing to re-join the
peloton. As such, optimising the aerodynamics of a
road cyclist’s posture can still deliver non-negligible
performance benefits to athletes.

Published studies investigating an athlete’s riding
posture on a conventional road bicycle show that the
drops posture reduces drag by up to 12% compared
with the hoods posture.8,19–25 This does not lead to a
performance enhancement as it is already the standard
racing posture. However, if the athlete crouches to
lower the head and torso, drag decreases by a further
4%–19%.8,9 This being so, there are variations to the
established traditional riding posture on the drops of
the handlebars that are utilised by athletes during races.

Elite short-course triathlon shares many similarities
with road cycling. Since the mid-1990s, drafting has
been legal during the cycle leg of elite triathlon at stan-
dard and sprint distances. This means that the rules and
tactics are similar to road cycling events. Prior to this,
triathletes were not allowed to ride close together so as
to benefit from interaction effects. This made the ride
more of an individual time-trial style race. Drafting
restrictions still apply to amateur and long-course
triathlon racing. Elite draft-legal events share the same
bicycle equipment rules with road cycling, but with one
distinct difference: the use of short handlebar extensions
is permitted. These bars must not extend beyond the
brake levers, making them much shorter than for a typi-
cal time-trial setup. This leads to a hybrid between the
aerodynamic time-trial posture and a road cycling setup.
However, to the authors’ knowledge, the aerodynamic
performance of such postures has not been previously
reported, and perhaps as a result, they are not universally
adopted by athletes competing in draft-legal triathlons.

A cyclist, like other ground vehicles, can be classed
as a bluff body as the flow separates from the cyclist to
form an unsteady (turbulent) wake. In addition, unlike
most vehicles, a cyclist has a dynamic geometry due to
the pedalling motion of the legs. It has been shown that
the position of the legs has a profound influence on the
flow behaviour and consequently the flow structure in
the wake.26–28 The wake flow topology has been shown

to be dominated by the position of the legs in combina-
tion with the general human form. However, at present,
it is not clear how controllable changes in the rider pos-
ture on the bike influence the flow field around the
body and the structure of the wake, which in turn influ-
ence the overall drag.

While the posture of cyclists in road cycling events
will influence their aerodynamics, at present the rela-
tionship is not well understood. The purpose of this
research is to develop an understanding of the relative
aerodynamic performance of common road cycling and
draft-legal triathlon postures through a wind-tunnel
test programme. It also aims to explain the cause of the
identified performance differences of key postures by
conducting wake measurements in the wind tunnel.
This information will give athletes and scientists gui-
dance with respect to aerodynamic efficiency of riding
postures, the sources of aerodynamic drag and the
nature of the wake.

Experimental methodology

All testing reported in this article was conducted with
approval from the Monash University Human
Research Ethics Committee: Project Number CF13/
1326 – 2013000679. The investigation was conducted in
the Monash University Wind Tunnel. This wind tunnel
has a three-quarter open jet test section with nozzle
dimensions of 2.63 4m2, equating to a blockage
of \9% for a cyclist (including test rig). A constant
wind speed of 12.5m/s (45km/h) was adopted for all
tests. This wind speed was selected as it is typical of
race speeds in elite triathlon and road cycling. Cyclist
drag force was measured using an air-bearing–type
force balance, designed and manufactured by Monash
University. The balance consists of two sets of planar
air bearings that isolate the axial (drag) force compo-
nent and a single-axis strain gauge to measure the drag
force. A disadvantage of the system is that it is not
capable of measuring other force and moment compo-
nents, such as side force and roll moment, which are
relevant to cross-wind analysis. However, the system is
very stable under the dynamic loads of a pedalling
cyclist. At the selected wind speed, the accuracy of the
system is 0.2% of the applied load for a steady axial
force.

The results presented in the following sections are
the mean of at least two consecutive runs sampled over
30 s. As indicated above, it has been shown that the
drag of a cyclist varies with leg position around the
crank cycle.26–28 This variation is also seen in the oscil-
lating drag force during dynamic tests. For this reason,
it is necessary to sample over-sufficiently many cycles,
such that the mean is effectively independent of the leg
start and end positions. At a pedalling cadence of 90 r/
min, 30 s corresponds to 45 pedalling cycles. The mean
variation in repeatability for a given riding posture was
0.5% for consecutive test runs.
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The cyclist was mounted on a raised ground plane,
positioned 400mm above the true floor, to accommo-
date the force balance apparatus and reduce the size
and effect of the oncoming boundary layer. The wind
tunnel has a turbulence intensity of ;1.6% (Iuvw) at
the centre of the test section. This is relatively high com-
pared to many research wind tunnels but is closer to
natural atmospheric conditions, making it more suit-
able for ground vehicle testing.29

All tests were performed with the rider aligned with
the flow at a yaw angle of 0� (no cross-wind). While
yaw angle is an important consideration in road cycling
due to environmental wind, drag is not the only load to
consider for non-zero yaw. With the relative wind vec-
tor at an angle to direction of motion, side force, roll
moment and yaw moment all become significant loads
acting on a cyclist and affect the cyclist’s dynamics.30

Their impact on performance, however, is less well
understood. At present, the test apparatus used is only
capable of measuring axial drag, and so it was decided
to confine the investigation to a yaw angle of 0� only
for the current set of tests.

A national-level elite athlete riding a road specifica-
tion bicycle with International Triathlon Union (ITU)
legal aerobars was used as the subject for the study.
The athlete wore a conventional vented road helmet
and a sleeveless triathlon racing skin suit. The bicycle
was fitted with low-profile (30mm) rims. Tests were
conducted with pedalling legs to most accurately simu-
late full cycling dynamics. The bicycle was mounted to
the force balance by a set of aerodynamic struts at the
rear axle. The front wheel was free with some degree of
lateral movement possible. Using only rear struts pro-
vides the greatest realism to practical road cycling as it
allows some natural movement of the front wheel and
minimises upstream aerodynamic interference. Both
wheels were on rollers. A timing belt connected the two
rollers such that driving the rear wheel from athlete
pedalling would also drive the front roller and conse-
quently the front wheel.

Nine different riding postures were selected as repre-
sentative of athlete riding postures adopted during road
cycling and draft-legal triathlon events. These postures
were identified from observations of elite competitors

in road cycling and triathlon events. The postures are
indexed in Table 1 and shown in Figures 1 and 2. They
are selected to be representative of postures that may
be adopted at stages during competition but not neces-
sarily for an entire race. For example, Postures 4 and 8
require the cyclists to drop their eyes towards the
ground and can, therefore, only be maintained inter-
mittently during races.

Postures 1–5 are representative of common road rid-
ing postures and so are applicable to both road cycling
and triathlon. Postures 6–9 utilise the short draft-legal
triathlon style aerobars (as seen in Figures 1 and 2)
which are not currently permitted in road cycling races.

Wake velocity field measurements were conducted
behind the cyclist for Postures 1, 2, 5 and 6. These were
selected as the most important postures for the study.
Postures 1 and 2 are the most common postures in
terms of practice and the literature and represent the
high-drag cases. Posture 5 represents the lowest drag
case for road cycling, and Posture 6 represents draft-
legal triathlon posture using short aerobars. Velocity
field measurements were collected by traversing four-
hole dynamic pressure probes (Turbulent Flow
Instrumentation (TFI) Cobra Probes) in the wake of
the pedalling athlete. The probes are able to measure
flow angle, where the angle is within a 45� cone of
acceptance. This allows the mapping of three-axis velo-
city components. The cross-sectional plane was 600mm
(the length of the torso chord) downstream of the rear
of the athlete.

To present the drag results in a more tangible form
for performance comparison, an equivalent input
power requirement was calculated. Martin et al.31

described a detailed equation of motion for modelling
cycling power. This model accounts for all forms of
energy in the system. There are five identified power
terms affecting cycling resistance: aerodynamic (AT),
rolling resistance (RR), wheel bearing (WB), changes in
potential energy (PE) and changes in kinetic energy
(KE). The potential energy term accounts for changes
in altitude due to terrain and the kinetic energy term for
changes caused by accelerations. It is stated in its most
general form in equation (1). The chain efficiency (EC)
accounts for frictional losses in the chain and driveline

Table 1. Description of riding postures tested covering both cycling and draft-legal triathlon postures.

Posture and description Frontal area (m2)

1 Hands on hoods – reference posture 0.4941
2 Drops – conventional racing posture 0.4720
3 Drops and crouched torso – arms bent to lower torso angle 0.4594
4 Drops and crouched torso with eyes looking down 0.4520
5 Hoods grip – gripping brake hoods with horizontal forearms 0.4365
6 Aerobars – typical ITU draft-legal short aerobars 0.4174
7 Aerobars with head lowered and shoulders shrugged 0.3855
8 Aerobars with eyes looking down 0.4126
9 Aerobars with head tucked between arms 0.3850

ITU: International Triathlon Union.
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PTOTAL =
(PAT +PRR +PWB +PPE+PKE)

EC
ð1Þ

As power calculations in the present context are for
comparative purposes, it is sufficient to assume a con-
stant speed and zero gradient so as to neglect the poten-
tial and kinetic energy terms. The model does include
the facility for consideration of yaw angles to model
relative wind vectors at an angle to the direction of
motion. For comparison in this investigation, the
effects of environmental wind are neglected such that
the nominal ground speed and air speed are equal. This
leads to the simplified equation for cycling power
shown in equation (2). The physical values used in the
power calculations are given in Table 2. These are taken
from the original model parameters31 unless otherwise
stated

PTOTAL =
(PAT +PRR +PWB)

EC

PTOTAL =

1
2 r(CDA+FW)V3

G +m(m1 +m2)gVG +VG(91+8:7VG)10
�3� �

EC

ð2Þ

Results

Drag force and power

The force results and calculated power requirement for
each posture are presented in Table 3. The reduction in

drag and required power for each posture compared
to the reference position (Posture 1) can be seen in
Figure 3. The highest drag was, as expected, for Posture
1 (CDA=0.343m2) and the lowest drag for Posture 7
(CDA=0.283m2).

Posture 2 (the traditional drops racing posture) rep-
resented only a small saving over Position 1 (hoods
posture). However, when a crouch is added, to lower
the head and torso, the power requirement drops a fur-
ther 7% over the standard drops posture with straigh-
ter arms. However, the ‘crouch’ posture is somewhat
arbitrary; Figures 1 and 2 clearly display the difference
between the two. This indicates that drag in the drops
posture is sensitive to individual athlete’s riding posture
and the angle of the torso and arms.

Posture 5 was found to have a 13.4% reduction
in required power over Posture 1 and 10.3% over
Posture 2. This represents the most efficient riding pos-
ture for road cycling events, with large power savings
over more traditional riding postures. Posture 6 (athlete
using short aerobars) reduced required power by 15.2%
and 12.1% over Postures 1 and 2, respectively. This
reduction increased a further 1.5% with the addition of
shrugged shoulders and a slight head tuck. The combina-
tion of aerobars and shrug yielded the greatest power
saving of all postures tested, with a 16.7% reduction over
Posture 1. This offers a large performance benefit and
shows that triathletes would benefit from the use of such
a riding posture compared to standard road postures.

Postures 4 and 8 represent the same body position
as Postures 3 and 6, respectively, but with the eyes and

Figure 1. Front view of riding Postures 1–9 as listed in Table 1.
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Figure 2. Side profile view of riding Postures 1–9 as listed in Table 1.

Table 3. Drag coefficient area and simulated power required for each posture (see Table 1 and Figures 1 and 2).

Posture CDA (m2) Power required (W) Delta CDA (m2) Delta power (W)

1 0.343 430
2 0.332 417 0.011 13.0
3 0.306 385 0.037 43.9
4 0.321 403 0.022 25.9
5 0.295 372 0.048 56.0
6 0.289 365 0.054 63.6
7 0.283 358 0.060 70.1
8 0.295 372 0.048 56.5
9 0.287 363 0.056 65.1

Delta values are for the change in CDA and power referenced to Posture 1.

Table 2. Physical assumptions and symbols used in power model (equation (2)).

Athlete mass m1 70 kg
Bicycle mass m2 8 kg
Coefficient of rolling resistance31,32 m 0.005
Aerodynamic resistance factor due to wheel rotation FW 0.0044 m2

Chain efficiency factor EC 0.976
Density r 1.2 kg/m3

Cyclist velocity VG 45 km/h
12.5 m/s
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head lowered (see Figures 1 and 2). In both cases, the
lowering of the head resulted in an increase in drag
compared to the raised head position; Posture 3 had
lower drag than Posture 4 and Posture 6 had lower
drag than Posture 8. This refutes the perceived aerody-
namic advantage assumed for the common practice of
athletes dropping their head in periods of high inten-
sity. It is possible that this effect is caused by the pre-
sentation of a more bluff head/helmet to the flow and
may be associated with the geometry of the test helmet.
This would induce greater flow separation over the
head, shoulders and upper back than with the head and
eyes looking ahead of the rider. Posture 9 is an aggres-
sive case with the head tucked down between the arms
and below the line of the shoulders. This posture was
tested to study the effect of more extreme postures, irre-
spective of whether their adoption is realistic, since such
a posture could not be held for any great duration in
practice. Despite the head being dropped well below the
line of the shoulders, the frontal area of Posture 9 is not
significantly lower than that of Posture 7. Power required
was also greater than Posture 7. In addition to the simi-
lar frontal area, this may be the result of disruption in
the flow between the arms that normally flows under the
torso and out over the hips and between the legs.24–26

Road cycling applications

The use of aerobars is legal in triathlons; however, it is
prohibited from all forms of mass start road and track
cycling events. The postures in this study that do not
use aerobars have been selected as representative of
road cycling riding postures. As such, the power sav-
ings for Postures 2-5 presented in Table 3 and Figure 3
are applicable to road cycling applications.

Simulated time saving

Using the described power model, it is possible to
model a time saving for each position, given a specified
race distance and a constant output power. This is a
simplification of cycling dynamics but helps to high-
light the impact of aerodynamic drag on performance.
For a flat course with little wind and a cyclist riding

solo, it provides a reasonable indication of performance
improvement. Simulated time saving for each posture
(referenced to Posture 1) of an elite-level triathlete com-
peting in a standard distance triathlon with a 40-km
ride and a constant power output of 300W is presented
in Figure 4.

Wake of a dynamic cyclist

Wake surveys were conducted to map the velocity
behind the cyclist for Postures 1, 2, 5 and 6. These were
selected as the most important postures. Postures 1 and
2 are reference conditions and the most common pos-
tures in practice and the literature, and provide insight
into the high-drag cases. Posture 5 is the lowest drag
posture identified for road cycling, and Posture 6 is an
example of a draft-legal triathlon posture adopting
short aerobars. Figure 5 shows the streamwise velocity
profile for each of the four postures. Each plot shows
only half of the wake, given the symmetry of the flow
for the time-averaged dynamic wake. Consistent with
the literature,24–26 the measurements demonstrate that
the flow regime associated with a cyclist is highly tur-
bulent and has large regions of separated flow. As such,
the cyclist is appropriately characterised as a bluff
body. It also highlights the potential for improvement
in a cyclist’s aerodynamics by reducing viscous losses.

In Figure 5, it can be seen that the wakes of Postures
1 and 2 have larger areas of low velocity compared to
Postures 5 and 6. Figure 6 shows a comparison wake
profile generated by subtracting the velocity field of the
highest drag case (Posture 1) from the fields of the other
three, highlighting the main areas of difference in the
wake.

On comparison, the body position of Postures 1 and
2 is similar (see Figures 1 and 2); however, differences
are evident in the wake distribution. The riding posi-
tion of Posture 2 has the head and shoulders slightly
lower in height, and an associated decrease in velocity
defect can be seen in this region. However, Posture 2
exhibits a higher velocity defect at shoulder height

Figure 4. Simulated time saving for each posture relative to
Posture 1 (see Table 1 and Figures 1 and 2) modelled on 40 km
standard distance triathlon cycle leg with a constant mean
power output of 300 W.

Figure 3. Percentage reduction in required power referenced
to Posture 1 (hoods posture) – see Table 1 and Figures 1 and 2.
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associated with the change in shoulder and arm posi-
tion. Despite the differences in the wake velocity pro-
file, the drag of Posture 2 is only 3.2% lower because
the net velocity defect is similar. This result is impor-
tant as it highlights that significant changes in the
wake can occur from relatively subtle changes in
posture.

Postures 5 and 6 have regions of higher velocity,
particularly in the upper part of the wake, consistent
with lowering the head and torso and reducing the
frontal area. The profile for Posture 6 also has a very
clear positive region on the outer edge of the profile at
arm height. This is due to the aerobars bringing the
arms inside the silhouette of the torso rather than

Figure 6. Streamwise velocity difference – streamwise velocity fields for Postures 2 (left), 5 (middle) and 6 (right), after subtracting
the velocity field of Posture 1. Half of wake shown with centreline at 0 on the x-axis.

Figure 5. Normalised streamwise velocity in the wake of a cyclist: (L-R) Postures 1, 2, 5 and 6 (see Table 1 and Figures 1 and 2).
Half of wake shown with centreline at 0 on the x-axis.

34 Proc IMechE Part P: J Sports Engineering and Technology 229(1)



sitting outside the line of the hips. This means that the
wake of the upper arms partly shields the torso and the
arm wake is not individually distinguishable down-
stream of the rider. In the road riding postures, the
arms sit wide of the rider’s hips, which leads to an addi-
tional contribution to the wake outside the line of the
torso as seen for Postures 1, 2 and 5.

While Posture 5 has a slightly lower head and torso
position than Posture 6, the wider arm position of
Posture 5 contributes an additional velocity defect to the
wake. As a result, the net drag for Posture 5 is higher
than that for Posture 6. This highlights the importance
of arm position to the drag of a cyclist. It follows that
further drag reductions would be possible for Posture 5
by bringing the arms inside the torso silhouette and for
Posture 6 by further lowering the rider height (although
this may alter the nature of the postures).

Figure 7 shows the turbulence intensity (Iuvw) for
each of the four postures and is a useful indicator for
identifying regions of upstream separated flow.
Turbulence levels can also be correlated with drag as it
is associated with large viscous losses. For all cases, the
highest turbulence levels are in the centre of the wake
behind the lower torso and hips. This is consistent with
the literature24–26 as this is where the major separation
region in the flow is contained. The lower drag cases
(Postures 5 and 6) can be seen to have reduced turbu-
lence in the upper region due to lower head and torso
position. Posture 6 also shows lower turbulence levels
at the edge of the frame at arm height. This is caused
by the arms being inside the line of the torso, and so
the wake of the arm impacts the front side of the torso
leading to reduced area of turbulence in that region of
the rider wake. Posture 5 shows a difference in this
region with higher turbulence near the shoulder than
hip. This is likely due to the forearm being horizontal

such that only the upper arms present directly to the
oncoming flow. It may also be that the presence of the
forearm immediately upstream of the hip is disrupting
the separation leading to the localised reduction in
velocity defect and turbulence levels, compared even to
Posture 6. These results confirm the relationship
between cyclist geometry and flow topology observed
in the streamwise velocity profiles (Figures 5 and 6).

These results highlight that the wake of a cyclist is
highly turbulent and consistent with regions of large
flow separation. In terms of optimisation, it can be
concluded that lowering the head and torso will reduce
the total area of velocity defect and turbulence intensity
in the cyclist wake, as seen in Posture 5. In addition,
Posture 5 reduced the frontal area of the arms by hav-
ing the forearms horizontal. This reduced the contribu-
tion of the arms to the total wake area, thereby
reducing the velocity defect and turbulence levels at the
outer edges of the wake. The benefit of aerobars, even
short draft-legal style bars, lies in the reduction of the
arms from the rider silhouette. By bringing the arms
inside the line of the hips, the area of velocity defect
and high turbulence is narrowed as the wake of the
arms impacts the rider torso and does not extend
downstream past the hips. The lower velocity defect
and reduced area of highly turbulent flow can be corre-
lated with a drag reduction for the cyclist. This is con-
sistent with the drag measurements, which showed
Postures 5 and 6 to have 10%–16% lower drag than
Postures 1 and 2.

Discussion

Existing literature on cycling posture

Several studies have previously investigated the effect
of cyclist posture on aerodynamic drag, with various

Figure 7. Turbulence intensity in the wake of a cyclist: (L-R) Postures 1, 2, 5 and 6 (see Table 1 and Figures 1 and 2). Half of wake
shown with centreline at 0 on the x-axis.
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postures being tested.1,2,6–12 Primarily, these studies
have looked at the advantages of time-trial postures
over the standard road posture and the optimisation of
time-trial performance. While few studies have investi-
gated the relative performance of different riding pos-
tures on a conventional road bike, many studies have
calculated the drag coefficient area (CDA) of the con-
ventional road racing posture. A summary of drag coef-
ficients from the literature is provided in Table 4. The
‘hoods’, ‘drops’ and ‘crouch’ postures as described in
the existing literature are represented by Postures 1-3,
respectively, in this study.

It can be seen that there is considerable variation in
the results of the literature for these three cycling pos-
tures. One of the key reasons for this is the dependence
of drag on athlete geometry. Some results are the mean
of multiple athletes; others are for single-athlete studies.
It has been shown from tests with multiple athletes that
individual body shape has a strong effect on drag.8–11

For this reason, results in this study were also shown as
a reduction from the reference state. This is intended to
provide a more practical result in terms of expected frac-
tional changes in performance for an arbitrary athlete.

Another cause of variability is the different meth-
odologies and experimental setup used. In addition to
direct force measurement from wind-tunnel measure-
ments, various authors have conducted different types
of on-road tests and have calculated drag from models.
However, even within (the more controllable) wind-
tunnel tests, there is a considerable spread in results.
This will be contributed to by the procedure used. Note
that some results are listed as static or dynamic. This
refers to the state of the rider’s legs. Some studies used
a completely static athlete, while others examined full
pedalling dynamics. It has been shown that the position
of the legs has a strong effect on the flow field around
a cyclist,18–20 so it follows that dynamic force measure-
ments will differ from static tests. This has been

confirmed by wind-tunnel tests comparing the
static and dynamic drag of the same athletes.9

Although there is variation in the literature, the CDA
results from this investigation fit within accepted ranges
for Postures 1-3.

Wake topology and drag force

It has been well established in the existing literature that
the drag of a cyclist will vary with geometry and riding
posture. The more difficult question lies in understand-
ing why these force changes occur. Table 1 reports the
frontal surface area for each of the nine test postures.
This shows that there is a general correlation between
drag and frontal surface area. As a general recommen-
dation for cycling, adopting a posture that lowers fron-
tal area will likely translate to reduced drag. This stems
from the reduction in overall blockage, resulting in a
smaller velocity defect and lower turbulence levels in
the wake.

However, this trend is not universal, and frontal
area alone does not fully explain changes in drag as
there is significant variation in the drag coefficient with
rider posture. Between the postures examined, the drag
coefficient varies by 7.6% – the result of changes in the
flow field. Wake surveys of sample postures (see
Figures 4–6) showed that changes in streamwise velo-
city defect and turbulence intensity are evident with
changes in riding posture. These can be correlated with
reductions in drag as higher velocity in the wake indi-
cates a smaller momentum loss across the body, and
lower turbulence levels are indicative of reduced flow
separation. Posture 5 had lower drag than the conven-
tional postures (1 and 2) as a result of lowering the
head and torso, which reduced the overall blockage
and decreased the velocity defect in the upper region of
the wake as well as the turbulence levels. The benefit of
the aerobars for triathletes lies in the ability to bring

Table 4. Summary of the literature for road cycling posture (wind speed in m/s).

Posture CDA (m2) Technique Dynamics Wind speed Blockage

Kyle and Burke1 Drops 0.32 Wind tunnel Static 8.9–15.6
Crouch 0.26

Zdravkovich et al.8 Hoods 0.26–0.38 Wind tunnel Static 8.2 12.4%–16.2%
Drops 0.23–0.34
Crouch 0.20–0.32

Gibertini7 Drops 0.275–0.289 Wind tunnel Dynamic 13.9 \ 5%
Defraeye et al.6 Drops 0.243 Wind tunnel Static 10 – 20 6%
Davies19 Drops 0.280 Wind tunnel Dynamic 1.5–18.5
Ménard et al.25 Drops 0.370 Wind tunnel
Grappe et al.2 Drops 0.276 Constant power Dynamic
Pugh20 Crouch 0.33 Constant speed Dynamic \ 8
Capelli et al.21 Drops 0.251 Towed dynamometer Dynamic 8.6–14.6
Di Prampero et al.22 Drops 0.308 Towed dynamometer 5–16.5
Gross et al.23 Drops 0.300–0.319 Coast down
Kyle and Edelman24 Drops 0.272 Coast down
This study Hoods 0.343 Wind tunnel Dynamic 12.5 \ 9%

Drops 0.332
Crouch 0.306
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the arms inside the line of the hips and torso. This
reduces the frontal area, but also means that the wake
of the arms impacts the torso, rather than extending
downstream and combining with the wake of the torso.
This was seen in the wake results for Posture 6 as
reduced velocity defect and turbulence intensity in the
area wide of the hips, where a contribution from the
arms is visible for other postures.

Limitations of the power model

The power model assumes the athlete riding in the sim-
plest flat road case and does not factor in interactions
with other athletes, cornering, gradients or environ-
mental wind conditions. From a practical perspective,
it is acknowledged that technical aspects of a course
may prohibit the use of certain postures. For example,
cornering prohibits using aerobars (Postures 6–9) in
favour of the greater control offered by a conventional
drops grip (Posture 2 or 3). However, for most courses,
there will still be straight sections of the course where
such postures may be used and where these savings
may be realised. Time savings are calculated assuming
constant position for the duration of the race. As an
indication, the proportion of the race spent in a given
position can be applied to the indicated time saving
with the same weighting. Environmental cross-wind
conditions change the relative air vector to be at an
angle to the rider. This not only affects an athlete’s
drag but also side force, roll moment and yaw moment.
These loads have a complex effect on cycling dynamics
and performance that is still not well understood and
not examined here.

This study was conducted using the same equipment
for all tests. This was done to isolate the effects of pos-
ture, independent of equipment selection. However, it
is noted that certain postures, particularly eyes-lowered
postures, may be influenced by helmet design, in the
same way that time-trial postures benefit from a tear
drop style helmet. Future studies should investigate the
influence of helmet shape/selection on posture as it has
been shown that there is a strong interaction between
the flow over the head and the subsequent flow beha-
viour over the back.24–26 As many components of the
bicycle and athlete system interact, there are still many
potential variables that could be explored. This investi-
gation was designed to isolate the effect on relative per-
formance of different body postures for a given cyclist
and configuration.

Conclusion

Wind-tunnel experiments were conducted on a pedal-
ling cyclist to investigate the effect of variations in body
posture on aerodynamic drag and how this translates
to performance. Similar effects have been observed in
previous investigations but primarily for individual
time-trial performance. This study specifically focussed
on postures that are frequently used on a road bicycle,

with the results showing that aerodynamic drag, and
consequently performance, will vary substantially with
riding posture. Nine body postures were selected as
representative real-world postures used by elite cyclists
and triathletes. In addition to direct drag measure-
ments, a preliminary investigation into changes in the
mean wake flow caused by changes in posture was
conducted.

A maximum drag reduction of 17.4% was observed
for a triathlete with draft-legal aerobars and with
shoulders shrugged and 13.9% for a road cyclist when
gripping the hoods with forearms horizontal, com-
pared to the reference riding posture on the hoods
(Posture 1). Using a simplified model for cycling
power, these aerodynamic results were expressed as
power saving. Due to the dominance of aerodynamic
drag on required input power, the power saving
expected from each posture is within 0.5% of the
measured drag reduction. It was also found that the
lowering of the rider’s head resulted in increased drag
(and power) compared to the same body position
with eyes looking forward.

Wake surveys have confirmed that a cyclist is an
aerodynamic bluff body, displaying large velocity
defects and large areas of highly turbulent flow. It was
seen that small changes in the body posture can signifi-
cantly affect the wake distribution. However, it is possi-
ble to alter the wake without significantly affecting the
net drag of the cyclist if regions are merely redistribu-
ted. Results showed that aerodynamic drag is associ-
ated with these regions of separated flow, and to
minimise drag, it is important that all areas of the
cyclist posture are optimised.

Lowering the head and torso was found to reduce
the frontal area and translated to lower velocity defect
and turbulence intensity in the wake. This in turn gen-
erally correlated with reduced drag for the cyclist.
However, the position of the arms also has a significant
impact on the wake topology and subsequently the
aerodynamic drag. The use of aerobars to bring the
arms inside the line of the hip reduced the width of the
overall velocity defect and turbulence intensity. This
correlated with force results which showed these pos-
tures to have generally lower drag than those postures
with wide arms. As a recommendation for cyclist posi-
tioning, lowering the head and torso will generally
translate to a reduction in aerodynamic drag by reduc-
ing the velocity defect and turbulence levels in the
wake. However, to fully optimise aerodynamic perfor-
mance, it is necessary to also bring the arms inside the
silhouette of the torso and hips.

It is well established that aerodynamic drag is the
dominant resistive force acting on elite-level cyclists
and triathletes. Changes in cyclist posture have been
shown to have a profound effect on the drag of a cyclist
– the result of changes in the flow field. As such, utilis-
ing an optimised riding posture will deliver significant
performance benefits to athletes in both road cycling
and draft-legal triathlon.
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