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INTRODUCTION

T
his article describes the first investigation carried 
out to understand the aerodynamics of sailing 
dhows. A thorough experimental programme has 
been conducted at the Yacht Research Unit (YRU, 

University of Auckland) using Twisted Flow Wind Tunnel, to 
study the performance of sailing dhows. 

This research came about through the interest shown by dif-
ferent sail-makers and the YRU in the performance of sailing 
dhows. As far as it is known, no aerodynamic or hydrodynamic 
tests of these boats have been performed before. The authors 
have found impossible to find any technical article or report 
which describe the sailing performance of dhows. The only writ-
ten references focused on a descriptive and historical analysis.

The purpose of this investigation has been to characterise 
of the main parameters that affect the sail performance of 
dhows with their latten sails. This understanding will facili-
tate future works to optimise these sails and improve their 
behaviour. In order to achieve the goal of this research, the 
two most important modern competitive racing dhow classes 
(43ft/13.1m and 60ft/18.3m) have been tested in the wind 
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This paper presents the results of experimental tests conducted to study the aerodynamic 
performance of sailing dhows. The investigation emerged from the interest shown by 
designers and sail-makers to understand how these sails perform, since they have never 
been studied before. The 43ft/13.1m and 60ft/18m classes have been tested in a wind 
tunnel where the effects of varying several parameters were investigated. These param-
eters were: heel angle, apparent wind angle, bending and stiffness of the yard, optimisation 
of the trimming and the influence of the mizzen on the mainsail. This is the first investiga-
tion where the aerodynamic performance of the lateen sails on sailing dhows has been 
investigated in a wind tunnel study. 
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tunnel with one hull and the respective rigs. A broad range 
of variables have been studied such as heel angle, apparent 
wind angle, different yard stiffness and amounts of bending. 
Analysis of the effects of yard stiffness, heel and apparent 
wind angles, the influence of bending, the optimisation of 
the trimming and the performance of the 60ft mainsail alone 
without the mizzen have been investigated. 

THE DHOW
For many centuries, dhows have sailed on the Indian Ocean. 
Despite their historical attachment to Arab traders, dhows 
were basically an Indian boat because much of the wood for 
their construction came from the forests of India. Building 
dhows has always been considered an art and it has been 
passed down from father to son, preserving the basic design 
and use. Two distinctive features made the dhow so popular: 
the stitched construction of the hull and the lateen sail.

Apart from the construction, the other distinctive feature 
is the lateen sail. These lateen sails are not completely trian-
gular. The forward angle is cut off to form a leading edge. 
This luff allows a much greater area of sail to be hoisted than 
a completely triangular design would do. The lateen has an 
enormous advantage over multiple square-rigged sails since it 
allows the dhow to sail well, even against the wind.

The long strips of the cloth are sewn together, parallel 
to luff and leech. The upper edge of the lateen sail is tied 
up to a leaning yard, which is in turn attached high on the 
mast by a strong rope called parrel. The yard is very long 
in comparison with the mast, and sometimes it is made 
of more than one piece. Dhows can be single-, double- or 
triple-masted. In early times, masts were made of coconut 
wood and teak and they were mounted to a large block of 
wood fastened to the keel. Masts are secured in place with 
ropes which act as shrouds but they are not fixed and can 
be tied to different points on the hull, depending on the tack 
of the boat. Traditionally, the ropes were made of Indian 
coconut fibres.

At the end of the 1980s, in order to emphasise the historic 
connection to the sea and to revive the skills of local seamen, 
Dubai’s deputy ruler initiated a dhow sailing competition. 
The Dubai International Marine Club was requested to organ-
ise the race. On the 23 May 1991 the first al Gaffal (‘journey 
back home’) race took place, in order to commemorate the 
journeys undertaken in the past by the traditional Arabian 
pearl boats. The fleet of the first race comprised 53 dhows of 
various lengths and designs. After the race, it was requested 
by the organiser that within two years all the boats entering 
the race had to be built to a standard design, keeping the rules 
of original dhows and all have to be 60ft in length. The race 
was included in the racing calendar and every year since 1991 
it has been held over the same al Gaffal route. At present, the 
race attracts up to hundred 60ft dhows and international inter-
est has shown a surprising increase.

Apart from this annual event, a race calendar for the 
60ft class has been drawn up. Moreover, the 43ft class has 
been included (Fig 2a) as well as the new 22ft class. In a 
43ft dhow, the crew number is between 8 and 15 sailors, 
whereas a 60ft dhow usually carries between 15 and 35 men. 
The 60ft class boats weight only 1–3 tons and the speed can 

easily exceed 20 knots, which makes them attractive both to 
sailors and spectators.

Formal dhow class rules have not been issued to date, but 
there are some implicit features that must be fulfilled when 
building and designing these boats. For example, the hull 
must be constructed from teakwood, which may be varnished 
but not painted. Traditionally, the hull was treated with lime 
below the waterline to prevent fouling, but the remaining 
timber was uncoated. The mast and bowsprit must also be 
wooden, but the strong yard that supports the sail may be 
made of aluminium or carbon fibre. Similarly, sails that origi-
nally would have been cotton may now be made of modern 
cloths. Furthermore, motorised winches are not allowed: just 
blocks, tackle and muscle-power. There are no speed logs, 
wind gauges, depth sounders, weather computers or satellite 
positioning systems.1

Compared to modern yachts, large dhows are very unsta-
ble because they are built without a weighted keel. In the past, 
when dhows were used for the transportation of goods, the 
cargo was stored below the deck, which kept the dhow bal-
anced. Nowadays, around 50 bags filled with sand are used 
to perform the same task.2 When the wind changes, crewmen 
must shift the sandbags to keep the boat correctly trimmed. 
The sailors can also shift their own weight to balance the boat. 
And, if the wind vanishes, the crew just throw the sandbags 
overboard.

Tacking a dhow is also something that makes the boat 
special. Unlike modern racing yachts, the dhow cannot easily 
turn across the wind. Each manoeuvre requires moving the 
mainsail to the other side of the mast. This means that the 
heavy yard must be freed from the mast and lowered slightly. 
In addition, the spar’s front end must be lowered almost to the 
vertical and swung around the base of the mast to the other 
side. At the same time, the shrouds as well as the rope to the 
parrel must be moved to the other side of the vessel. Tacking 
can take 10–15 minutes in large dhows.

This manoeuvring complexity means that the dhow races 
have only one or two legs, which are usually across the wind, 
unlike the modern triangle races or beating/running races. 
There are mainly two types of races: the al khayour course, 
a route that features a turn and the al-yoush or al yoush al 
wahed course, which is a straight course.2 For example, a 43ft 
dhow needs around two hours to complete a 13–15 mile one-
leg race with an average wind speed of 10–15 knots. Another 
curiosity of dhows is that they are towed upwind to the start-
ing area and they keep the sails furled. Sailors care little about 
pre-start tactics. Unlike with most racing boats, dhow crews 
wait for a signal before hoisting the yards that hold the sails. 
This is the reason why the speed and aerodynamic optimisa-
tion have such importance. Usually, the fastest dhow wins the 
race regardless of tacking and sailing tactics.

WIND TUNNEL DESCRIPTION
The tests were conducted in the Twisted Flow Wind Tunnel 
(TFWT) which is owned and operated by the Yacht Research 
Unit, University of Auckland (Fig 1). The concept of the 
TFWT was originally developed by Flay et al.3 for the New 
Zealand America’s Cup Challenge in 1995. Since then, 
the concept has remained the same but improvements are 
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 constantly being made. In 2000, the wind tunnel was relo-
cated and the design was changed. The current wind tunnel is 
an open-circuit design with two fans at one end and an open 
test section at the other. The wind tunnel is used for teach-
ing, research projects within the University, and commercial 
testing with, among others, Volvo Ocean Race and America’s 
Cup teams.

As mentioned above, the flow is sucked into the tunnel 
by two 3m diameter 4-blade fans. These fans and motors 
have been designed to reach a flow top speed of about 8m/s 
at a 720 rpm motor speed. The wind tunnel has a rectangular 
wooden section of 3.5m in height and 7m in width. There 
are also 20 vertical vanes to alter the angle of the flow with 

height, which are placed at the end of the enclosed section, 
upwind of the open test section. This test section has ceiling 
and floor but has open sides and is open downstream. The use 
of this open configuration with a suitably sized model elimi-
nates the need for using blockage corrections.

A six-component force balance is located under the wind 
tunnel floor in the test section.4 The balance consists of an 
aluminium frame, which is connected to a steel frame through 
six force transducers. Three brackets from the balance 
 protrude through the wind tunnel floor to hold the model. 
The force balance can be turned together with the floor above 
(turntable) to change the apparent wind angle. The turntable 
has a trough to allow the waterline of the hull to coincide 
with the wind tunnel floor. This recess is filled with water to 
prevent the air from blowing under the hull. The TFWT is set 
up for the model yacht to be tested on port tack.

THE MODEL
A 3D model of a 60ft dhow was designed using CAD soft-
ware on a computer. Since the authors could find no records 
of shape plans, the hull has been designed from pictures and 
overall dimensions. Only one hull has been built and it was 
used for both rigs, which led to the use of two overall scale 
factors to simulate the two dhow sizes, namely 1/12 for mod-
elling the 60ft dhow, and 1/8.6 for modelling the 43ft dhow. 
The main dimensions of the hull are: length 1524mm; beam 
412mm; depth 145mm; and draught 41mm.

The hull was built of medium-density fibreboards and 
it was fitted with eyebolts, pulleys, and remotely control-
led electric winches to allow remote and instantaneous sail 
trimming. In Table 1, the spars that were built are described. 

Figure 1: The Twisted Flow Wind Tunnel at the University  
of Auckland

43ft Dhow model (1/8.6 scale)

Length (mm) Diameter (mm)

Mast 1189 22

Original yard 1949 18

Bowsprit 1032 18

Medium yard* 1949 16

Soft yard* 1949 12

60ft Dhow model (1/12 scale)

Length (mm) Diameter (mm)

Main mast 1024 18

Main yard 1657 16

Bowsprit 950 16

Mizzen mast 866 16

Mizzen yard 1397 12

* These two extra yards were built for the Yard Stiffness Test that is described later

Table 1: The rigging dimension
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In order to reproduce the real behaviour of the masts and 
bowsprits, they were designed to be stiff enough to avoid 
deflection. But in the case of the yard, it has been designed 
to simulate the stiffness of the full-scale yards, as they are 
known to bend under the sailing loads. The only difference 
between the calculated and the as-build yard was the diameter 
of the mizzen yard of the 60ft model, since a 13mm dowel is 
not manufactured and was not available. In this case, it was 
decided to use a 12mm dowel instead. Masts, bowsprits and 
yards were built from pine timber.

The sails were designed and provided by Calibre 
Sailmakers Ltd in New Zealand, a specialist firm with experi-
ence in making sails for dhows that are raced in Dubai. The 
main requirement for the sail cloth was lightness and minimal 
stretch since elastic scaling and stretch of the sailcloth under 
the relatively smalls loads in the wind tunnel was not con-
sidered. The sails have light cotton tufts attached to facilitate 
trimming and to visualise the flow.

ExPERIMENTAL SET-UP AND TEST 
DESCRIPTION
This is the first time that the lateen sails of a dhow have been 
tested in a wind tunnel, and so, in order to reduce the uncertainty 
and modelling complexity, certain flow simplifications have 
been made. A uniform onset flow has been used, with no hori-
zontal twist. All tests have were carried out at a dynamic pres-
sure of approximately 10Pa resulting from a mean wind speed 
of about 4m/s. This gave sufficiently large forces for accurate 
measurements with the appropriate model yard deflection.

During the tests, the three moments and three forces were 
acquired for 50s at 200Hz, but only the drive force, side force 
and heeling moment have been analysed. The force in the 
x-direction (FX) is called the driving force since it acts along 
the centreline of the boat and propels the boat forward (if a 
zero leeway angle is assumed). Similarly, FY is the horizon-
tal side force, and it acts perpendicular to the centreline of 
the yacht. The moment about the x-axis (MX) is the heel-
ing moment which acts tries to rotate the yacht around its 
centreline. As well as forces and moments, other variables 
recorded during each test, such as air temperature, dynamic 
pressure and atmospheric pressure.

A significant buoyancy force was generated when the model 
is heeled as it was not free to heave and the centre of buoyancy 
changed. It was therefore necessary to subtract tare forces from 
the model forces as a result of changing the heel angle. At the 
beginning of the tests, the differences of the heeled tare forces 
from the upright tare forces were measured over a range of heel 
angles and a polynomial curve was fitted. At each subsequent 
measurement reading, this polynomial was interpolated so that 
the heeled tare component could be subtracted.5

CX or CY = FX or FY

q S·
  (1)

CMX = 
MX

q S· /3 2   (2)

From now on, both forces and the heeling moment are 
expressed in a non-dimensional coefficient form to facilitate 

the comparison (Equations 1 and 2), where q is the dynamic 
pressure (1/2ρV²) and S is the sail area (2.231m2 for the 43ft 
model and 2.755m2 for the 60ft model).

Tests with the 43ft Dhow model

 Basic Test (BT). In the basic test, a range of apparent 
wind angles (AWA) between 20º and 100º, in steps of 
10, were tested and for each AWA, four heel angles (HA) 
were tested: 0º, 5º, 10º and 15º. For each AWA, the sail 
trim was optimised to give the maximum drive force 
when the model was upright (HA=0º) and the sail trim 
was then kept constant for the non-upright heel angles. 
The results of this test are the basis for comparison with 
other tests.

 Bent Yard Test (BYT). In the bent yard test, both the 
AWA and HA ranges were the same as in the BT. The 
difference is that in this test, the yard was bent artificially 
by means two tension lines (stiffeners), as it can be seen 
in figure 2(b). The trimming was also optimised to obtain 
the maximum drive force in the upright condition at each 
angle and then it remained unchanged. This test was con-
ducted to study the influence of forced yard bend on the 
performance of the sail.

 Optimum Trim Test (OPT). In the optimum trim test, 
three AWA were selected (40º, 60º and 80º) which 
envelope the range apparent wind angles in which a 
dhow would sail. For each AWA, the same four heel 
angles as used previously were tested in four differ-
ent situations: a) Optimising the trim for HA=0º and 
keeping it constant for the other HAs (as in BT); b) 
Optimising the trim at each heel angle; c) As for (a), 
but with extra yard bend induced by the tension lines; 
d) As for (b), but with extra yard bend induced by the 
tension lines.

 Bending Test (BEN). The bending test was also per-
formed at apparent wind angles of 40º, 60º and 80º. Each 
AWA was tested at 5º of heel angle, with three different 
yard bending situations, namely: small bending, medium 
bending and large bending. In each case, the trim was 
optimised to obtain the maximum drive force.

 Yard Stiffness Test (YST). In the aforementioned 
tests, the yard was bent by means of tension lines 
which created a forced and artificially bent shape. In 
order to compare different yard stiffnesses without the 
inclusion of external devices, two new yards were built 
for testing. Their dimensions are presented in Table 1. 
The yards have smaller diameter than the standard yard 
(stiff yard) in order to reduce their stiffness, as they 
were built with the same material as the standard ‘stiff’ 
yard. The second moment of area for the medium yard 
is 62% of the original, and for the soft yard it is 20% of 
the original. 

Tests were carried out over a range of apparent wind 
angles between 40º and 80º, in steps of 10º. For each AWA, 
the same four heel angles were tested: 0º, 5º, 10º and 15º. 
Here, the sail trim was also optimised to obtain the maximum 
drive force when the model was in the upright position.
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Tests with the 60ft Dhow model

 Basic Test. As for the 43ft tests, the basic test for the 
60ft dhow used a range of apparent wind angles between 
20º and 100º, in steps of 10º. For each AWA, the same 
four heel angles were tested: 0º, 5º, 10º and 15º. For each 
AWA, the trim was optimised to give the maximum drive 
force when the model was upright (HA=0º) and it was 
kept constant for the other heel angles.

 Optimum Trim Test. For the optimum trim test, three 
AWA were selected (40º, 60º and 80º) and the same four 
HA as used above tested for each AWA. In this test, the 
trim was optimised not only for the upright condition, but 
also for each HA.

 Basic Test without mizzen. The basic test without the 
mizzen was conducted in order to study the influence of 
the mizzen on the mainsail performance. Again, a range 
of apparent wind angles between 20º and 100º, in steps 
of 10º, were tested, and for each AWA, the same four 
heel angles were tested: 0º, 5º, 10º and 15º as for the 
precious tests. For each AWA, the trim was optimised 
to give the maximum drive force when the model was 
upright (HA=0º) and it was kept constant for the other 
heel angles.

RESULTS

43ft Dhow Model

Basic Test vs Bent Yard Test

In Fig 3 the drive force coefficient (CX) is presented against 
the apparent wind angle for the Basic Test (left) and Bent 
Yard Test (right). As can be observed the trend is similar in 
both plots. There is an increase in CX with increasing AWA. 
For low angles the slope is large but then it decreases as the 
apparent wind angle increases. For low apparent wind angles, 

the BT provides slightly higher values of the  coefficient com-
paring to the BYT. In the other hand, for high AWA the Bent 
Yard produces slightly more drive force.

The effect of the heel angle is relatively small, except for 
one range in each figure: 40º–70º in the BT and 60º–90º in 
the BYT. In these AWA ranges, the curves separate signifi-
cantly and indicate that increased heeling decreases the drive 
force. In the Basic Test plot it can be seen that 0º heel angle 
is slightly above the other curves until 70º of AWA whereas 
in the BYT figure, zero heel is always better. In both tests, the 
worst heel angle is 15º. Here, it should be highlighted again 
that in these two tests, the trim was optimise (maximum pos-
sible drive force) for the upright position only.

The heeling moment is another important parameter 
because it takes into account not only the side force and its 
centre of effort, but also vertical force and its centre of effort. 
Moreover, the heeling moment must balance the righting 
moment of the hull and crew. In this type of sailing boat, the 
heeling moment is usually limited to a value that is related 
to the capacity of the crew to create a righting moment. 
The righting moment of the hull itself is very small because 
dhows are designed without a weighted keel. In figure 4 the 
heeling moment coefficient (CMX) versus the apparent wind 
angle is illustrated. In both plots the trend is similar. First, the 
coefficient increases and then after an AWA of about 40º, it 
decreases again. This suggests than this relatively deep sail is 
not capable of being sheeted properly at angles tighter than 
40º. For the whole range of AWA, the BT results in greater 
values than from the BYT. A low heeling moments is prefer-
able for three main reasons: a) the capacity of the crew to cre-
ate a righting moment is limited, b) the hull hydrodynamics is 
usually optimised for low heel angles and c) the projected sail 
area is maximised when upright.

Unlike in the CX plots, here the curves show that the 
heel angle has a larger influence on the righting moment. 
The trend is similar for both BT and BYT. The 0º HA gives 
more righting moment which decreases with an increasing 
HA. There is an exception in the BYT at high apparent wind 

Fig 2: 43ft Class

(a) Racing (b) During a test (with tension lines)
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Fig 3: 43ft model, Cx vs AWA for the Basic Test and the Bent Yard Test

Fig 4: 43ft model, CMx vs AWA for the Basic Test and the Bent Yard Test

Fig 5: 43ft model, Cx/CMx vs AWA for the Basic Test and Bent Yard Test

(a) Basic Test

(a) Basic Test

(a) Basic Test

(b) Bent Yard Test

(b) Bent Yard Test

(b) Bent Yard Test
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angles where the effect of the heel angle becomes almost 
negligible. Clearly to sail faster, the best situation is to sail 
with a high drive force and a low righting moment. In order 
to consider the two magnitudes and to compare similar situa-
tions, the CX/CMX ratio can be plotted against apparent wind 
angles as illustrated in Fig 5.

Results from the BT in Fig 5(a) show a linear trend and 
then, the slope of the curve increases with increasing AWA. 
This means that the efficiency improves for AWAs larger than 
80º, and is as-expected, since the lift from the sails is more 
aligned with the heading of the vessel at these larger AWAs. 
In the BYT plot, such a trend is not so obvious. In the BT, the 
heel angle has a small effect on the ratio whereas in the BYT 
it can be observed that there is more scatter in the results for 
different heel angles. The curve of 0º heel angle is very stable 
but the other three curves change with the AWA, which may 
be an experimental artifice.

The Basic Test figure suggests that 15º of HA is more 
efficient because it gives less heel moment for similar drive 
force, which is mainly because of the big drop of the heel-
ing moment with increasing heel angle. This is a very inter-
esting result since the sail trim was not optimised for this 
heel angle. As it is discussed next, optimising the trim for 
different heel angles gives even higher values of this ratio, 
because the drive force can be increased and the righting 
moment, decreased. In the BYT it is not so clear which heel 
angle would be better.

If the same curve (for example HA=0º) is compared in 
both plots, it can be observed that for AWAs larger than 70º, 
BYT is better. This means that for high AWA it is desirable 
to have a yard which is significantly bent. This result was 
expected since for high apparent wind angles, the sail behaves 
more like a downwind sail and needs more curvature, whereas 
for low apparent wind angles, the sail behaves more like a jib 
and needs a ‘flatter’ shape, which can be achieved by having 
a bent yard, which tend to pull material out of the center of 
the sail.

Optimum Trim Test

In this test, the sail trim was optimised to obtain the 
maximum drive force at each heel angle. Three apparent 
wind angles (40º, 60º and 80º) were tested and the same 
four heel angles (0º, 5º, 10º and 15º). As was observed in 
the previous section, sail performance deteriorates when 
the heel angle is increased if there is no re-trimming of 
the sails. This test was conducted to determine if it was 
possible to maintain aerodynamic performance for any 
heel angle. Here, only the results of the 60º AWA case are 
presented since the other two angles (40º and 80º) provide 
similar results.

As expected, and as shown in Fig 6, optimising the trim 
significantly increases the sail performance. Both the drive 
force and the efficiency increase with heel compared to keep-
ing the sail trim the same as the upright trim. This is thought 
to be due to the change in the shape of horizontal sections 
through the sail with heel, which improve the shape, thus 
delaying separation over the sail surface.6 It can be also seen 

that the BYT results are better than the BT results. The opti-
mised BYT has more drive force and less moment than the 
values from the Basic Test.

Bending Test

During this test, three different bending situations were tested 
for three apparent wind angles (40º, 60º and 80º) and only 
one heel angle (5º). In the BYT tension in the artificial yard 
bending lines was applied as explained above. The aim of 
the bending is to compare the effect of three different yard 
bending tensions have on the sail performance. In order to 
facilitate the comparison, the figures in this section include 
the results of the three bending cases and the optimise Basic 
Test at 5º angle of heel.

Fig 7(a) shows the drive force coefficients for the three 
apparent wind angles. It can be observed that for 40º AWA, 
compared with the BT results, the CX increases slightly with 
small yard bending and decreases with both the medium and 
large yard bending. For the 60º and 80º AWA cases, the drive 
force is increased for the three bent situations compared to 
the BT results.

As illustrated in Fig 7(b), the heeling moment coeffi-
cient decreases with the addition of the yard bend inducers, 
irrespective of the tension. Therefore, due to the drive force 
increase and heeling moment decrease, it can be concluded 
that the tension lines improve the sail performance as plot-
ted in Fig 8, which shows the ratio CX/CMX as functions of 
bending test case and AWA. The improvement is specifically 
significant at for 80º AWA. But even for the smallest AWA of 
40º, it is evident that inducing artificial bending of the yard 
improves sail performance.

Yard Stiffness Test

In the previous tests, bending the yard was forced by means 
of artificial bend inducers. This section discusses results 
tests with yards of different stiffnesses which were con-
ducted to study the effect of natural yard bending under the 
induced sail aerodynamic loads without external devices. 
The tension lines induced forced bending, but also applied 
a tension to windward which prevented the yard from bend-
ing to leeward, which would be its natural behaviour. In 
the present test, three yards with different stiffnesses (stiff, 
medium and soft) were tested. Fig 9 presents the results for 
heel angles of 0º and 15º. 

It can be seen in Fig 9 that forced bending with artificial 
bend inducers results in a higher ratio of CX/CMX than any 
of the natural bending cases, except for AWAs higher than 
70º and for the 15º heel angle case, where a medium stiffness 
yard would give better results. What it is very clear is that the 
soft stiffness yard gives the worst results. The results for the 
stiff and medium yards are similar. The curves are very simi-
lar except at high apparent wind angles where the medium 
stiffness yard gives better results. It can be concluded that 
in general, it is better to include stiffeners to bend the mast 
rather than to let the yard bend freely under the imposed aero-
dynamics sail loads.
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Fig 6: 43ft model, Optimum Trim Test for AWA=60º

(a) Drive Force Coefficient (b) Cx/CMx

Fig 7: 43ft model, Bending Test

Fig 8: 43ft model, Bending Test, Cx/CMx

(a) Drive Force Coefficient (b) Heeling Moment Coefficient
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60ft Dhow Model

Basic Test with and without Mizzen

Fig 10(a) shows the variation of the drive force coefficient 
as a function of apparent wind angle, for the 60ft model with 
(solid lines) and without the mizzen (dashed lines). As can 
be observed, the influence of the mizzen for low AWA is 
relatively small but is enables much higher values of CX to 
be obtained up to an AWA of 50º where-after it remains rela-
tively constant. It can also be concluded that the heel angle 
does not affect the values of the drive force significantly since 
the curves are displayed together.

Fig 10(b) shows the heeling moment coefficient plotted 
against the AWA. It can be observed that the mizzen causes 
much larger CMX values to be obtained, with the maximum 
value at an AWA of 50º. The results without the mizzen are 
much lower, and have maximum values at an AWA of 40º. It 
is also evident that the HA has a significant effect and that 
both with and without the mizzen, CMX is reduced as the 
HA is increased.

For these tests, the ratio between the drive force and heel-
ing moment coefficient has also been plotted (Fig 11). There 
is a linear trend in the ratio until 90º of AWA and then, the 

slope increases substantially. The behaviour of the curves 
with and without mizzen is similar but the performance of the 
mainsail by itself is more ‘efficient’ since it would give more 
drive force for the same righting moment.

Optimum Sail Trim Test

In this test, the sail trim was optimised for each heel angle 
and, as can be seen in Fig 12, the sail performance has been 
improved slightly. For all the apparent wind angles tested, the 
trend is similar. Even though there is an improvement, it is not 
as significant as in the 43ft model case (Fig 6(b)).

CONCLUSION
This paper has presented the research conducted to under-
stand the aerodynamics of the latten sails on sailing dhows. 
This is the first wind tunnel investigation that has scientifi-
cally studied sailing dhows. The main parameters that affect 
the sail performance have been quantified. This work facili-
tates future investigations to optimise these sails and improve 
their performance.

The two most important dhow classes (43ft and 60ft) 
have been tested in the Twisted Flow Wind Tunnel at the 

Fig 9: 43ft model, Yard Stiffness Test, Cx/CMx for heel angles of 0 º and 15 º

Fig 10: 60ft model, Basic Test, Cx and CMx

(a) 0º Heel Angle

(a) Drive Force Coefficient

(b) 15º Heel Angle

(b) Heeling Moment Coefficient

Alza_JMET_Jan.indd   21 12/04/14   1:42 PM



22

A wind tunnel investigation of the aerodynamics of sailing dhows

Journal of Marine Engineering and Technology      Volume 13 No 1 January 2014

Yacht Research Unit (University of Auckland) where a broad 
range of parameters have been studied. The investigation has 
included the effect of yard stiffness, heel and apparent wind 
angles, the influence of yard bend, the optimisation of the sail 
trim at different heel angles, and the performance of the 60ft 
mainsail alone without the mizzen.

The main conclusions drawn from the results are:

1. Forced bending of the yard (using tension cables) 
improves the performance of the sail for high apparent wind 
angles.

2. Trimming the sails for each heel angle improves the 
aerodynamic performance enormously, which is more signifi-
cant for the 43ft model than for the 60ft model.

3. For the apparent wind angles tested (40º, 60º and 80º), 
the sail performance improves with a medium to large tension 
on the yard, causing significant yard bend.

4. Generally, it is better to include artificial tensioners to 
bend the yard than to let the yard bend naturally under the 
aerodynamic loads, because the yard bend is deflected more 
to windward under the rope tension.

5. In the 60ft model, the mainsail is more efficient when 
sailing without the mizzen, however the overall perform-
ance is better when the mizzen is included. Hence the best 
option for a yacht race will depend on the wind strength, 
and whether or not the maximum permitted heeling moment 
is achieved.

6. These several wind tunnel tests have enabled the effect 
of the heel angle and the apparent wind angle on the sail per-
formance of dhows to be described thoroughly.

7. This research has been conducted together with an 
industrial partner – a sail maker – and the results obtained 
have been used to develop improved latten sails for sailing 
dhows in races in Dubai.

These experimental tests lay the groundwork for future 
investigations. It is recommended that different sail shapes 
are tested in the wind tunnel with the twisting vanes included 
in order to take into account the real twisted inflow when 
sailing.
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NOMENCLATURE
AWA Apparent wind angle (deg)

CMX Righting moment coefficient (---)

CX Driving force coefficient (---)

CY Side force coefficient (---)

FX Driving force (N)

FY Side force (N)

HA Heel angle (deg)

MX Righting moment (Nm)

q Dynamic Pressure (Pa)

ρ Air density (kg/m³)

S Sail area (m²)

V Wind speed (m/s)

Fig 11: 60ft model, Basic Test, Cx/CMx Fig 12: 60ft model, Optimum Trimming Test Bending Test, 
Cx/CMx
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