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SUMMARY

The aerodynamic characteristics of articulated tanker vehicles are thought to
be sufficiently different from those of conventional box container vehicles to
warrant investigation. The results from a programme of experimental studies
using scale wind tunnel models are presented, the primary aim of which is to
investigate the effectiveness of established aerodynamic drag reducing and spray

suppression devices when used on articulated tankers.

Analysis suggests that the tanker flowfield is different from that expected for
box container vehicles, particularly in the region of the tractor-trailer gap.
Consequently, devices intended to control the flow in this region, and designed
specifically for box containers, are not as effective on tanker vehicles. 1In
particular, cab roof mounted fairings and tractor-trailer gap seals are seen to

require modification to achieve comparable reductions in drag.

Attempts to simulate the dispersion of water spray generated by the tyres in wet
weather using paraffin smoke are assessed. The technique is thought to over
simplify the complex nature of water spray dispersion but is considered a useful

first step prior to full scale trials.
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1. INTRODUCTION

Recent interest in the aerodynamic characteristics of commercial vehicles has
concentrated on the improvements in fuel efficiency that are possible due to
reductions in aerodynamic drag. An associated factor, concerning the flow around
this type of vehicle, is the dispersion of water spray in wet weather. It would
seem feasible that modifications could be made to conventional vehicle designs

that would reduce both drag and spray dispersion.

With this objective, a long term research programme was begun by the Transport
and Road Research Laboratory (TRRL) with the aim of quantifying the reductions
in aerodynamic drag and water spray dispersion that are possible through the use
of specific modifications to a conventional vehicle. The programme involved
both wind tunnel tests on scale models at the College of Aeronautics ( under
contract to TRRL ) and full scale trials on the TRRL test track at Crowthorne,
Berkshire. The vehicle configuration chosen for the tests was a standard 40 ft
articulated box container with an alternative of two tractor units; a Leyland
T45 and a DAF 3300. Detailed results from each phase of this programme are given
by the author (1), (2) and by Cowperthwaite (3). In simple terms, the results
suggest that tractor and trailer side skirts - the devices recognised as being
most likely to reduce water spray dispersion - also give a reduction in wind
averaged drag coefficient (CWAV). The drag reduction was seen to be
proportional to the extent of cover offered by the skirts and, within the limits

of the test programme, did not appear to be dependent on tractor geometry.

During the programme, and parallel studies associated with the work, it became
apparent that within the class of commercial vehicles under consideration, box
container trailers, were not necessarily the worst in terms of spray dispersion.
Articulated tanker vehicles were seen to produce very high levels of spray.
The aerodynamic characteristics of tanker vehicles are known to be very different
from those of conventional box containers. Work by the author (4) and others
has shown that the aerodynamic forces generated are considerably different and
that the flowfield, particularly between the tractor and tanker forebody, can

be significantly different to that seen on a conventional box container vehicle.

In view of this, it was considered necessary to extend the initial programme to
investigate articulated tanker vehicles, and this report deals specifically with

those tests.



2. MAIN OBJECTIVES OF THE PROGRAMME

The tanker programme was aimed, as was the programme for the box container
vehicle which preceded it, to correlate the reductions in aerodynamic drag and
water spray dispersion that are possible with various modifications to the
vehicle. The modifications chosen followed along similar lines to those adopted
by Allen et al. (5) in which (a) the flow around the wheel areas is restricted
by the use of ‘side skirts’ and (b) attempts are made to control the flow in the
gap between the tractor and trailer with various seals and deflectors. The
programme aimed to quantify the changes in aerodynamic forces in the wind tunnel
and also to visualise the vehicles’ wake in order to make a qualitative
assessment of the likely change in spray dispersion. This procedure is to be
supplemented by full scale trials on the spray test track at TRRL, but only the

scale model wind tunnel tests are considered here.



3. TEST PROCEDURE
3.1 Wind tunnel model

As a result of the initial programme of research with box container vehicles,
existing 1/8th scale models of two tractor units were available. These tractors
had been chosen because they represent two very different aerodynamic designs;
the Leyland T45 is a relatively streamlined cab offering little protection to
the trailer from the freestream flow, and the DAF 3300 is a much more bluff shape
for which the flow separates at the forward leading edges effectively shrouding
the trailer in its wake. In view of (a) practical considerations with possible
full scale tests and (b) the need to emphasise the flow around the tanker, it
was decided to use the Leyland T45 tractor unit for the articulated tanker

programme.

The essential features of tanker trailers are much less easily defined than those
of box trailers and consequently the choice of tanker unit much more difficult.
It was decided to use a 'hybrid tanker’, not modelled on any specific existing
design but having the features considered significant to the aerodynamic

characteristics of the vehicle, namely:

(L) adjustable incidence (or pitch) of the tanker unit;
(2) streamlined or sharp leading (and trailing) edges to the tank;
(3 ancillary components such as: access hatches, ladders, side crash bars and

a trailer stand.

The resulting vehicle, loosely based on a Crane Frauhauf trailer, is shown in
figures (1) and (2). Adjustment of the tank incidence was made by inserting
simple spacers between the tractor and trailer mounting block, at the approximate
location of the ‘king pin’. The incidences chosen were intended to reflect the

typical range'used on current articulated tanker vehicles.

Various ‘add-on’ flow control devices were available for the test programme as

follows:



1. Tractor-trailer gap seals

Both horizontal and vertical gap seals were investigated consisting of
rectangular planform thin flat plates mounted normal to the tanker forebody
centreline, see figures (5) and (6). In each case ’‘small’ and *large’
seals were used corresponding to (a) the practical maximum forward
extension possible to allow the vehicle to articulate, and (b) a seal
extending forward by 80% of the available tractor-trailer separation,

respectively.

2. Tractor side skirts

Various forms of skirt arrangement were available for the trailer extending
from the rear of the tractor wheel arch to the rear of the trailer wheel
arch. 'Full trailer skirts’ imply that the skirt extends to cover the
trailer wheels, while 'partial skirts’ leave the wheels open. In each case
‘covered’ or 'open’ styles were used in which the skirt was folded around
the wheel arch to form an enclosed region - ’‘covered’, or simply left as
a vertical curtain - ‘open’, see figures (7) and (8). As the above
arrangements effectively link the trailer and tractor they represent
practical design problems for articulation and therefore an alternative

‘shortened partial trailer skirt’ was evaluated, see figure (9).

3. Cab roof mounted fairing

The standard cab roof fairing, figure (10), was chosen to represent the
commercially available deflector for the Leyland T45. An alternative
‘tanker’ cab roof fairing was designed to accommodate the type of flow
expected around the tanker, see figure (11), which was capable of being
extended to form the roof fairing and cab side extension shown in figures

(12) and (13).

3.2 Wind tunnel test technique

The experimental programme was carried out in two different wind tunnels using

the same scale model.



The aerodynamic force and moment measurements were made in the 2.4 m x 1.8 m (8’
X 6') low speed wind tunnel. This is a closed working section, closed return
circuit facility with a maximum speed of 60 metres/second. This enabled tests

1.10 x 10°,

n

to be carried out at a Reynolds number, based on (A)*, of
corresponding to 1/5th of the full scale Reynolds number at 55 mph. 1In order
to increase the accuracy of the aerodynamic 1lift measurement, the conventional
‘ground board plate’ test technique used in the wind tunnel was changed to allow
the model to be connected to the overhead balance directly through the base of
the wheels, see figure (3). Although not an exact representation of ground
proximity, this technique was used to enable crosswind angles of up to 20 degrees

to be simulated simply by yawing the model relative to the freestream.

Analysis of the vehicles’ external flowfield was made in the 2.4 m x 1.2 m
boundary layer wind tunnel. This is an open return, closed working section
facility which has an 11 metre long parallel sided flow development section, see
figure (4). It is therefore possible, with the model mounted on the floor of
the flow development section, to analyse the flow in the wake of the vehicle up
to four body lengths downstream. The ground plane is of course fixed and
therefore not an accurate simulation of the full scale flow. However the size
and complexity of the moving ground plane for such an investigation could not
be justified. Boundary layer suction control ahead of the model ensures that

the influence of the fixed ground plane is kept to a minimum.

A qualitative assessment of the wake flow was made by injecting paraffin smoke
into the flow at specified locations on the vehicle and visualising the resulting
plume with a light sheet placed normal to the freestream flow direction,
downstream. Photographs of the illuminated plume were taken with a long focal
length camera positioned on the working section centre line 10 metres downstream
of the model base. The photographs formed the basis of the sketches of the spray

propagation patterns presented in this report, see figures (42) to (44).



4. TEST PROGRAMME

4.1 Aerodynamic force and moment measurements

A summary of the 36 tanker vehicle configurations tested is given in table 1.
In each case measurements of aerodynamic force and moment components were made
over the yaw angle range -5 to 20 degrees, which enabled a wind averaged drag
coefficient (C/WAV) to be evaluated. For a comparison, a datum, or baseline,
vehicle was chosen as configuration O04. This corresponds to the ’'streamlined’
taker set at mid incidence with the complete set of accessories (hatches,

ladders, crash bars and trailer stand).

4.2 Flow visualisation studies

An initial series of tests were carried out to assess the sensitivity of the flow
visualisation technique to changes in vehicle geometry. This was followed by
a systematic study using the baseline vehicle of the dispersion of a smoke plume
(released from either the front, centre or rear wheel arch) at stations on the
vehicle longitudinal axis from four body widths upstream of the tanker base to
two body widths downstream, depending on the location of the source under
investigation. In all the cases, tests were carried out with the vehicle at

zero yaw and the smoke was released from one side, the offside, only.



5. RESULTS

5.1 Aerodynamic force and moment measurements

The force and moment coefficients for each of the 36 model configurations tested
are tabulated in Appendix A. Coefficients are based on a model reference frontal
area (A) of 0.098 m? and a reference length (in this case model width) of 0.26m.
All tests were made at a nominal flow velocity of 55 m/s which corresponds to
a Reynolds number of = 1.1 x 10°, approximately 1/5th of the full scale Reynolds

number at 55 mph.

All wind tunnel results have been corrected for the effects of (a) tare/strut

interference and (b) working section blockage, according to Carr (6).

A summary of the aerodynamic drag data for each configuration is given in table
2. Values of drag coefficient at zero yaw, Cy,(f=0), and wind averaged drag
C,WAV, are given together with the corresponding percentage change in these
values relative to that of the baseline/datum configuration 04. Wind averaged

drag coefficients have been evaluated according to Ingram (7).

Graphical presentation of the results is as follows:

(1) drag coefficient versus yaw angle; figures (15) - (21).

(ii) change in drag coefficient, as a percentage of the drag coefficient of the
baseline vehicle, versus yaw angle; figures (22) - (32).

(iii) the percentage variation in wind averaged drag coefficient for different
vehicle configurations; figures (33) - (39).

(iv) wvariation of lift coefficient versus yaw angle; figures (40) and (41).

5.2 Flow visualisation studies

Assessment of the plume dispersion is made by photographing the smoke filament
as it is illuminated by a light sheet in a plane normal to the freestream flow
direction. Due to the unsteady nature of the flow, several photographs were
taken at each condition to obtain a realistic mean. In order to simplify the
presentation of this data a schematic representation of the illuminated plume
has been prepared which corresponds in each case to the mean location of the edge
of the plume, geometrically scaled to the view of the rear of the tanker when

looking upstream.



The location of the illuminating light sheet is expressed in terms of vehicle
body width (w) upstream (-ve. w) and downstream (+ve. w) of the vehicle base.
It was found that measurements taken more than 2 body widths downstream of the

vehicle were difficult to interpret due to diffusion of the smoke filament.



6. DISCUSSION OF RESULTS
6.1 Aerodynamic drag characteristics of the baseline vehicle

The relatively streamlined shape of the Leyland T45 tractor unit would suggest
that changes in tanker forebody shape would have an effect on overall vehicle
drag. It is shown that the drag coefficient at zero yaw, C,(B=0), increases by
7% for the square edged tanker with a corresponding increase in wind averaged
drag, CWAV, of 5%. This influence of tanker end shape on drag is reflected
throughout the tanker incidence range, see figures (15) and (22). It is assumed
that the main factor contributing to the change in drag is the increased
curvature of the container forebody, although rounding the base of the tanker
may also be significant. It is not possible from these data to distinguish

between the two effects.

The incidence of the tanker influences the drag of the vehicle primarily in
relation to the extent to which the tanker forebody is exposed to the freestream
flow. The magnitude of the drag change is understandably dependent on the shape
of the tanker forebody, the drag of the 'streamlined’ tanker being less incidence
dependent than the square tanker, see figure (24). Surprisingly, the percentage
drag change for a given tank incidence is almost constant across the yaw angle
range. This results in significant changes in wind averaged drag, see figure
(33).

As would be expected, the ancillary components mounted on the tank and trailer
result in a higher wind averaged drag coefficient, see figure (34). Changes in
drag coefficient at zero yaw are very small but become significant as the yaw
angle is increased, see figure (17). Variations in drag are not symmetrical
about zero yaw as the ladders are only mounted on one side of the tank, see
figures (25) and (26). 1In general, (i) the effect of the ancillary components
is more significant on the streamlined tanker, which has a greater amount of
attached flow, and (ii) the ladders and hatches develop more drag because they

are exposed to flow with a much higher local velocity.
6.2 Variations in drag due to trailer skirts

As in previous investigations on articulated vehicles, the use of trailer skirts

is seen to make significant reductions in wind averaged drag. In the case of



the tanker vehicle, changes in C,WAV of between 7% and 9% were measured depending
on the type of skirt being used, see figure (36). The magnitude of the drag
reduction is perhaps slightly higher than that measured for similar devices on
conventional articulated box container vehicles. This is explained by the
reduction in drag offered by the tanker vehicle skirts at low, even zero, yaw
angle, see figures (27) to (29). (Trailer skirts on conventional articulated

vehicles have been seen to have little effect on drag at zero yaw).

The complex nature of the flow in the region of the skirts is further emphasised
by the fact that covered skirts result in a larger drag reduction than open
skirts, particularly at low yaw angles. This results in a greater reduction in

wind averaged drag for covered skirts.

The differences in drag reduction due to full or partial skirts are surprisingly
small. This is assumed to be due to the fact that although the partial skirts
leave the trailer wheels exposed, these wheels are fixed in the wind tunnel
simulation and therefore the flowfield associated with them would be considerably
different to that expected full scale. This means that a critical assessment
of the effectiveness of skirts in the vicinity of the trailer wheels is extremely
difficult for a relatively simple wind tunnel simulation of the type reported

here.

The shortened partial covered trailer skirts, configuration 30, were tested in
order to assess a practical skirt arrangement which could be mounted on the
existing crash bar and wheel arch assembly. The resulting reduction in CWAV of
= 3% is considerably smaller than that given by partial skirts, = 6%. This
reduction in performance is assumed to be due to: (i) the reduced skirt area,
since previous investigations have shown the effectiveness of skirts to be almost
directly proportional to their size, and (ii) the moulding used to streamline

the front of the skirt, see figure (9), which may constitute additional drag.

6.3 Drag reduction due to tractor-trailer gap flow control

The flow in the gap between the rear of the tractor and the trailer forebody is
known to play a significant part in the development of the overall vehicle
flowfield. At low yaw angles the flow direction is predominantly from top to
bottom - this relatively high speed air meets the flow from under the vehicle

and consequently moves out sideways, increasing the effective wake of the
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vehicle. At higher yaw angles the flow in the gap is dominated by a lateral
movement of air from the windward to the leeward side of the vehicle - this flow
effectively increasing the size of the vehicle wake in a similar way to the low

yaw angle case.

The aim of gap seals is simply to restrict this flow and consequently stabilise
the wake in that region. It would be expected that a vertical gap seal is more
effective at higher yaw angles. This is apparent from figures (19) and (31), but
the corresponding reduction in wind averaged drag, see figure (37), is very
small. It would appear that vertical gap seals are much more effective on box

container vehicles than on tankers.

In contrast, the horizontal gap seals are significantly more effective at yaw
angles less than 10 degrees, figure (30), giving a 12% reduction in G, at zero
yaw, and a negligible effect at 15 degrees yaw. Nevertheless, the wind averaged
drag data for horizontal seals emphasises the effectiveness of this type of
device with reductions of 7% and 6% for large and small seals respectively,
figure (37). The relatively small effect of the size of the seal is important
in that it is suggesting that the majority of the flow in the tractor-trailer
gap is concentrated on the forebody of the trailer. Consequently it is the
positioning of these flow devices (relative to the stagnation point) and not

necessarily their size which determines their effectiveness.

6.4 Drag reducing effectiveness of cab roof fairings

The most widely used add-on devices for reducing the drag on articulated tractor-
trailer vehicles is the cab roof mounted fairing. It has been shown from
previous work, see Cowperthwaite (3) and others, that the design of the fairing
is important in that it is intended to 'match’ the flow of the tractor unit to
that of the trailer. Clearly, the flowfield around a tanker trailer is different
to that on a box container - for which the majority of cab roof fairings have
been designed - and it was considered important to assess their drag reducing

effectiveness when used with tankers.

The fairing chosen was intended to model the commercially available fairing for
the Leyland T45 tractor and as such reflects the type of unit currently in use.
It was seen to reduce the zero yaw drag coefficient, GC,(f=0), by between 2% and

3% depending on the tanker incidence. However, its effectiveness fell off
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sharply at yaw angles greater than 3 degrees, see figure (32), resulting in an
increase in drag coefficient. Consequently the wind averaged drag was increased,
jrrespective of the tanker incidence. This has been shown by Cowperthwaite (3)
to be due to the drag of the roof deflector itself at higher yaw angles for box
container vehicles. This is emphasised in the case of the tanker vehicle by the
relatively smaller drag penalty attributable to the tanker trailer at high yaw

angles.

The significance of the design of the fairing itself prompted a series of tests
on a new style of 'tanker’ cab roof mounted fairing which was intended to more
closely accommodate the flowfield around the tanker forebody. The principle
differences between the ‘standard’ and ‘tanker’ fairings are: (i) a reduced
frontal area, since the tanker forebody does not protrude above the line of the
cab roof as far as would be expected for a box container, and (ii) a rounded

cross section to match the flow to that of the round trailer.

The results show the significance of these design changes; reductions in zero
yaw drag coefficient of 15% - 16% were obtained, depending on tanker incidence.
This effectiveness was maintained at higher yaw angles resulting in reductions
in wind averaged drag (C,WAV) of between 8% and 9.5%, figure (38). Clearly,
accurate matching of the flowfield is important. It is possibly even more
critical than for a comparable box container vehicle since the drag penalty due
to a mismatch of the flow, see Cowperthwaite (3), would appear to be greater in

the case of a tanker vehicle.

A further development of the cab roof fairing was evaluated in which the fairing
was extended rearwards and vertical side fairings were added to the cab. This
had the effect of reducing the tractor-trailer gap. The results, for
configurations 34 to 36 inclusive, suggest that this extended fairing makes the
matching of the tractor and trailer flowfields more critical since the magnitude
of the zero yaw drag reduction of between 14% and 17% is dependent on tanker
incidence to a greater degree than for the simple tanker fairing. Similarly,
the reductions in wind averaged drag show a slight improvement on the simple
tanker fairing, see figure (39). It would appear therefore that attempts to
reduce drag through the use of 'customised’ cab roof fairings of this type can
be successful but the additional improvement over that obtained for a simple cab
roof fairing - providing it is designed specifically for tanker trailers - may
be small.

12



6.5 Analysis of variations in aerodynamic 1lift coefficient (C)

The model mounting technique was modified specifically for the tanker test
programme in order to increase the accuracy of aerodynamic lift measurements.
This was because it was assumed that the cylindrical shape of the tanker trailer
could be producing significantly more lift than its box container counterpart,
and that this lift generating flow could be the mechanism responsible for the
greater spray dispersion seen on tankers during the preceding trials. If this
were true then it would be possible to correlate changes in 1lift force with

changes in spray dispersion.

The magnitude of the lift coefficients measured are typically 1/3rd to 1/2 that
of the drag coefficient depending on model configuration and yaw angle. Changes
in 1ift due to the addition of various tanker ancillary components such as
hatches and ladders, etc. were negligible, as would be expected. The influence
of tanker shape on the lift force only becomes significant at high yaw angles.
However, the effect of tank incidence is significant, particularly for the more

streamlined tank, see figure (40).

The largest changes in l1ift were associated with vehicle configurations which
used either: cab roof mounted fairings or horizontal tractor-trailer gap seals,
see figure (41). In the case of the horizontal gap seals, the reduction in lift
at zero yaw was = 35% irrespective of the size of the seal. This suggests that
the loading on the device itself is small relative to the change in flowfield
it induces. A reduction in lift implies an increase in pressure (a reduction
in local flow velocity) on the upper part of the vehicle or, vice versa, a
decrease in pressure (an increase in local flow velocity) on the underside of
the vehicle. 1In this case, in view of the associated drag reduction, it is more
likely that the dominant effect is a reduction in local flow velocity on the
upper part of the vehicle. The corresponding increase in pressure in this region
is thought likely to deter water spray from being carried vertically from its
source at the cab wheels, and therefore to reduce dispersion. Such an assessment
can only be a hypothesis without recourse to a detailed analysis of the
flowfield, and such an analysis would be subject to Reynolds number and ground

effect simulation errors.

A similar mechanism is thought to be responsible for the changes in 1lift measured

for the cab roof fairings. In this case the lift variation is larger than for
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the gap seal, = 45% to 52%, and it is assumed that the load on the fairing itself
is such as to increase the lift. Therefore the change in flowfield for the

vehicle is very significant.

6.6 Wake flow visualisation studies

6.6.1 Initial studies

An initial series of tests were carried out to establish the effectiveness of
the experimental technique in analysing changes in the structure of the wake due
to modifications to the vehicle. An assessment of the wake was made over a range
of axial stations using smoke sources at both 'front’' and 'centre’ wheel arches,
for vehicle configurations with and without: (i) cab roof mounted fairings and
(ii) tractor-trailer horizontal gap seals. During these tests it was found to
be impossible to distinguish any differences in the wake smoke filament

dispersion due to a change in the vehicle configuration.

A similar assessment was made with the smoke source in the rear wheel arch for
models with and without trailer skirts of various configurations. The only
observable difference in this case was between full and partial skirt
configurations, when the smoke was unable to escape from the wheel arch due to
the full skirt. The resulting plume was confined to the underbody of the vehicle

- a region in which analysis of the resulting plume photograph is very difficult.

It is considered unlikely that modifications to the vehicle which resulted in
such relatively large variations in 1lift and drag forces do not have an
observable effect on the structure of the wake or the dispersion of the smoke
filament from the area of the wheels. It is possible that the visualisation
technique was not sufficiently sensitive to detect these changes. This
insensitivity is likely to have been aggravated by: (i) the low Reynolds number
(= 0.6 x 10°), at which the flow visualisation studies had to be carried out due
to the maximum speed of the wind tunnel and (ii) the relatively crude simulation

of ground effect.

In view of this limitation it was decided to use the flow visualisation technique
to identify the relative dispersion characteristics of flow emanating from each
of the three wheel arch areas for the baseline vehicle, configuration 04, only.

Subsequent full scale tests at TRRL suggest that the wind tunnel observations

14



are correct, and that aerodynamic modifications to the tanker do not affect the

subjective appearance of the spray plume geometry.
6.6.2 Wheel arch plume dispersion for baseline vehicle

A schematic summary of the wake flow visualisation using a smoke source in the
rear wheel arch is given in figure (42). Analysis using this technique
concentrates on the extent to which the dispersing plume moves vertically and
laterally with respect to the vehicle, as it is carried downstream. It would
appear from figure (42) that a plume released from the rear wheel arch does not
rise significantly above the level of the wheel arch and thee initial sideways
movement away from the vehicle is reversed when the plume is drawn back into the
wake by the relatively low pressure region immediately behind the base of the

tanker

A similar schematic summary of the wake flow visualisation using a smoke source
in the tractor drive wheel arch is given in figures 43 (a) and (b). The
dispersion is seen to follow a similar pattern to that for the rear wheel except
that the plume is displaced laterally to a greater extent and only the flow near
the vehicle is drawn back into the wake on encountering the low pressure region.
This lateral movement makes spray generated by the tractor drive wheels

particularly relevant to vehicles passing alongside the tanker.

Smoke plume dispersion from the front wheel arches is shown schematically in
figures 44 (a) and (b). The significant difference in this case is that the
plume moves vertically to a far greater extent, reaching the full height of the

tanker within one trailer width of release.
6.6.3 General comments regarding flow visualisation

Interpretatioh of the smoke plume flow visualisation require considerable care
and three important factors should be considered when making comparison with
spray dispersion:

(L) The low Reynolds number at which the flow visualisation tests were carried
out may influence the flow, particularly in the gap between the tractor
and trailer.

(2) The simplified simulation of ground proximity may well have a significant

effect on the flow in, and around, the area of the wheels. The wind tunnel
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model wheels were fixed and therefore the influence of the flowfield
generated by the rotating wheel has been neglected.

(3) The dispersion of a smoke plume may well be considerable different from
that of water splash. The smoke does not simulate the inertial forces

which could be an important factor influencing splash dispersion.

Despite these limitations, smoke flow visualisation is considered valuable in
focusing the attention on certain aspects of the flow prior to full scale spray
dispersion studies. It would appear that spray generated by the front wheel is
more likely to be drawn higher into the vehicles' wake, and therefore carry
further, than that generated at the other wheels. Similarly, smoke released at
the centre wheel arch may be drawn sideways away from the vehicle, at near ground

level, to a greater extent than that from the front or rear wheels.

Both these effects need to be confirmed by full scale trials. Ideally by full
scale smoke studies initially, to study the effectiveness of the wind tunnel
modelling technique, followed by spray trials to assess the limitations of smoke
as a simulation for water spray. If specific simulation problems were identified
it may be possible to refine the smoke visualisation technique, either by
modifying the smoke injection process or by seeding the smoke itself with a
heavier than air gas to more accurately model the buoyancy of the water spray.
Both these techniques would require a more detailed knowledge of both the nature
of the spray itself and the local flow characteristics associated with a wheel

arch and rotating tyre.
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CONCLUSIONS

An extensive programme of wind tunnel tests using scale models has shown that
the aerodynamic characteristics of articulated tanker vehicles are similar in
many ways to those of box container vehicles. There are however significant
differences which may be important when attempting to modify the vehicle so as

to reduce aerodynamic drag and water spray dispersion.

The main feature of the flow is that in the region between the tractor and the
tanker. Consequently attempts to reduce the aerodynamic drag of the vehicle
should concentrate on controlling the flow in this region and ’'matching’ the

aerodynamic interface between tractor and tanker.

A cab roof mounted fairing designed to reduce the aerodynamic drag of a box
container is shown to be ineffective on a tanker. However, significant
reductions in drag can be achieved with cab roof mounted fairings by changing

the design to more closely reflect the flow associated with the tanker forebody.

Horizontally mounted seals between the tractor and tanker are seen to be more
effective than vertical seals. Previous research has shown the opposite to be

the case for box container vehicles.

Trailer mounted side skirts are seen to be marginally more effective on tankers
than box container trailers in reducing drag. Careful design of the skirts is

seen to be worthwhile.

An attempt to simulate the dispersion of water spray generated at the road wheels
was made by releasing paraffin smoke from the wheel arches of the model in the
wind tunnel. The accuracy of this technique is limited by: (i) the simplified
simulation of ground effect and (ii) differences between the behaviour smoke

filament and water spray.

Within the limits of this simulation it is possible to identify the likely path
of water spray generated at each wheel separately. The flow from the front
tractor wheels rises rapidly and remains close to the vehicle, while that from
the remaining wheels, and in particular the tractor rear wheels, is predominantly

drawn sideways away from the vehicle.

17



RECOMMENDATIONS FOR FURTHER WORK

The results of the wind tunnel force and moment measurements identify specific
devices which offer sufficient reduction in aerodynamic drag to warrant further
investigation: horizontal gap seals, cab roof mounted fairings and trailer
skirts. The effectiveness of these devices is thought to be dependant on tractor
and trailer geometry and further optimisation should be made on a specific
vehicle for which correlation on-road trials would be possible. The simplicity
of the horizontal gap seal in particular is thought to warrant further

development.

The simulation of water spray in wind tunnel tests requires further
investigation. The smoke injection technique may be more effective if (a) the
smoke filament were seeded with a heavier gas to simulate the buoyancy of the
water spray and (b) consideration were given to the injection technique so as
to optimise the interaction of the ’spray’ with the freestream flow. Both these
factors would require a more detailed knowledge of the aerodynamic flowfield in
and around the wheel/wheel arch combinations. Access to full scale correlation

data would be essential.

18
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CONFIG.NO. G e0) %00 p( 80) C WAy 240 puny %4C | (820)
01 0.920 4.56 1,085 6.30 8.4
02 0.990 -2.69 1.176 -1.55 13.5
03 1.030 -6.84 1.218 ~5,18 7.4
04 0.964
05 1.016 ~5.39 1.210 -4.49 -10.0
06 1.084 -12.44 1.273 =9.93 -4.8
07 1.015 -5.29 1.184 -2.24 4.1
08 0.943 2.17 1.122 3.10 4.3
09 0.942 2.28 1.108 4.31 0.2
10 1.016 -5.39 1.182 -2.07 1.5
11 0.930 3.52 1,114 3.79 8.4
12 0.944 2.07 1.125 2.84 2.8
13 0.890 7.67 1.076 7.08 -8.2
14 0.885 8.19 1.074 7.25 -10.2
15 0.862 10.58 1.045 9.75 -0.7
16 0.874 9.33 1,055 8.89 5.3
17 0.896 7.05 1.088 6.04 -2.5
18 0.914 5.18 1.113 3.88 -11.0
19 0.962 0.20 1.153 0.04 3.5
20 0.956 0.80 1.149 0.07 4.3
21 0.849 11.92 1.076 7.08 34.6
22 0.845 12,34 1.084 6.39 35.6
23 0.937 2.80 1.181 -1.98 47.9
24 0.935 3.00 1,182 -2.07 45.6
25 0.941 2.38 1.183 -2.15 52.0
26 0.887 7.98 1.137 1.81 45.6
27 0.919 4.66 1.124 2.93 -7.4
28 0.902 4.56 1.099 5.09 3.5
29 0.960
30 0.916 4.97 1.093 3.30 -2.8
31 0.808 16.18 1.036 8.35 46.2
32 0.814 15.56 1.022 9.57 46.8
33 0.812 15.76 1.043 7.72 45.7
34 0.821 14.83 1.033 8.59 38.0
35 0.799 17.11 1.020 9.76 44.5
36 0.807 16.28 1.026 9.27 42.8
37 1,159 11.46 1.404 -7.41 45.3
38 1,141 12.83 1,366 -§.92 46.1
39 1.309

(all percentage changes refered to
baseline vehicle configuration 04)
Table 2. Summary of aerodynamic lift and drag

coefficient data.
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Figure 1. Arrangement of the V8" scale T45 and articulated tanker
wind tunnel model , showing removable /adjustable features.
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Figure 2. The baseline T45 tractor and articulated tanker model .
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Figure 5. Vertical gap seal .

Figure 6. Horizontal gap seal.



‘Covered’

Figure 7. Full trailer skirts.



* Covered ’

Figure 8. Partial trailer skirts.
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Figure 9. Shortened partial trailer skirts.
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Figure 10. Standard cab roof fairing.



Figure 11. Tanker cab roof fairing



( Extended cab roof fairing with ‘square’ tanker at minimum
incidence)

Figure 13. Extended cab roof fairing.
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Aerodynamic Force and Moment Sign Convention .
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drag coefficient (Cp).
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The effect of tank incidence and geometry on wind
averaged drag.
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The effect of tank accessories on wind averaged drag.
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The influence of skirt geometry on wind averaged drag
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The effectiveness of tractor trailer gap seals on wind
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Figure 42.  Baseline vehicle wake flow visualisation , smoke source
in rear wheelarch.
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Baseline vehicle wake flow visualisation, smoke source
in the centre wheelarch.
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Figure 43(b). Baseline vehicle wake flow visualisation , smoke source
in the centre wheelarch.



Figure 44(a). Baseline vehicle wake flow visualisation , smoke source
in the front wheelarch.
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Figure 44(p). Baseline vehicle wake flow visualisation, smoke source
in front wheelarch.
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MODEL CONFIGURATION: TO1
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MODEL CONFIGURATION: T29

YAW LIFT DRAG SIDE PITCH ROLL YAW
ANGLE  COEF. COEF. COEF. COEF. COEF. COEF.

0.389 0.964 -0.027 1.654 0.200 0.018
0.379 0.966 -0.010 1.628 0.082 0.002
0.387 0.977 -0.001 1.676 0.073 0.010
0.392 0.972 0.005 1.683 0.052 0.014
0.393 0.976 0.009 1.683 0.044 0.015

OO OO0
QOO OO



