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This report reflects the views of the National Research Council and does not reflect the views or 
policies of Transport Ganada. 

Neither Transport Canada, nor its employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy or completeness of any information 
contained In this report, or process described herein, and assumes no responsibility for 
anyone's use of the Information. Transport Canada Is not responsible for errors or omissions irt 
this report aild ·makes no representations as to the1 accuracy or completeness of the information. 
Transp;ort Cailada does not endorse products or companies. Reference In this report to any 
~ commercial pr®ucts, process, or service by trade name, tradema~. manufacturer, or 
otherwise, do9S not cotistitute or · imply its endorsement.. recommenda~on, or favoring by 
Transport qariada and shall riot be used for advertising or service endorsement purposes. 
Trade or company names appear in this report only beCause they are essential to the ~actives 
of th~ report. 
R~~s anc:t ttyperllnks to external web sites do not constitute endorsement by Transport 
~nada of tl8 . Qrik~ web sttes, or the Information, products or services contained therelr:~. 
TrBnsport Caria~ dOes not exercise any editorial control over the Information that may be found 
at these locatiOnS. 
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~ny countries around the wortd mandate the use of side guards, principally aimed at 
prevf3nti~b vulnerable road users, such as bicyclists and pedestri~s. from being run over after 
colliding wtth heav, vehicles. Although side guards may b~ designed with aerodynamiCs in 
mind, there Is no requirement for them to reduce the drag coefficient of the truck or trailer. 

CQnversely, many operatqrs in North America have elected to flt flush mount side s;klrts on their 
van semi-trailers to reduce aerodynamic drag. However, th~y are not required to pass any 
strength testing and little Is known of their ability to proVIde the si9e under run protection of 
European· Wtd Asian style side guqrds. It Is also of lnterest to better understand the effects 
that side sKirts niay have on brake cooling. 

Transport· Canada engaged · NRG-CSTT to perform a llter.ature review of current side skirt 
teChnology, to ~rfOrm a sert~s of crash tests betweefl a loaded bicycle ~nd three sets pf ~Ide 
~rts and ro;petfonn computar·modellng of heat transfer on heavy truck brake dr.um~ and discs 
to better·unaEn'stand 1M side effects of mounting -side skirts and wfieel covers on'trallers. 

The methods, results and conclusions stemming from this research and testing are presented in 
this report. 
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Side skirts and wheel covers are known to reduce aerodynamic drag on heavy vehicles. 
However, the secqndary effects, such as brake cooling and the ab_ility to resist intrusion from an 
Incident with a vulnerable road user are not as well documented. 

The purpose of this projeCt was to conduct a literature review of existing side skirt and wheel 
cover technolOgies to understand the manufacturer's claims and to re\1ew tnelr current product 
lines along with their publiShed costs and returns on lnv9$tment for their products: Add!tlonally, 
It \\!as of interest to review the results of any testing or research that may have been perfonned 
to support, or refute, the claims of the manufacturers. 

Secondly, a series of Impact tests were conducted to dete_nnine the strength and behaviour of 
side· skirts lnst:aJ!~ on van semi-trailers when subjected to ·a perpe.ndicula_r.I(Opact _wi1h a l~ded 
adult bicycle. The scope of work oonsldered the strength aod _behaviour of the s)9e skirt ltseJf 
but d~ not Include anthropomorphic test devtces (dumml~s) the·~ore no attempt wa.S made to 
understand what trappens to a human rider once ejected from the bicycle. . . 

Lastly, computtn slm"!!ations using computational fluid dyn_amlcs (CFD) of the airflow around 
both a ventilated disc bnike system and a drum brake sys_tem on vehicles wltn and without side 
skirts .-~~L oovers were conducted. The objective of ~.slm'\Jiatlons w~s to_ detennlne it 
the use of -side skirts and wheel covers could have any effect on braKe cooling by either 
restrictirig or lmprQVIng the ak flow in and around the brake components. Calculations were 
condUcted for 13 geometrical configurations. 

Aer9d}'namlc slcfe skirt technologies are being used by truCk fleets all across North America. 
Sid$ sKirts are commpnly construCted of aluminum or plastic and add approximately 270 pounds 

· to _U,e ~re weight of the ttaller. They require roughly 3.5· pers~:m-hours to Install, and are 
avallable ·Jn many designs, lnc!lfding flexible systems which allow the skirt panel to easily pass 
aver .obstacles such as snow banks. The estimated retum ¢n .Investment Is between· 4 and 24 
month~, with an average cost of $1675 per trailer. T~e f!Jel savings ·claims range between 4.0% 
and 7.5% per tractor, whiCh translates tO a potential reduction of up to 2 000 ~kilo tonn~ per 
year in gre~hoi.l!?e gas emissions In Canada. These fuel savings claims, along with' additional 
sl0!3 sk{rt benefit claims, Including reduced road spray ahd Increased driver stability, are 
currentlY· under evaluation through Canadian government funding programs. 

The use of aerodynamic wheel cover technology In the North Ainerican market Is quite limited. 
F~ctorS' ~Ch .as a low fuel savlflgs benefit of -0.25°io per wheel, and.ll'mlted product a~ailal;)lllty, 
may be dlsoouraglng truck owners/operators from in~lling them on their fleets. Aowev~r. witn 
a low average C0$1 of $100 per cover, a high stated return· on Investment of 4 to 6 months, and 
an option to customize the cov~rs with company branding, truck owners/operators may l:Se see a 
ber:teflt In· tf1elr use. Wheels cove~. avallat:?~e for most standard V(heet sizes, are easy to Install, 
using either a bracket and bolt. or zlpper-tarp tab system. The main cover, constJ:ucted rrialnty of 
metal·or fabrtc, C?ftEm limits access to Wheel hub components; however unique designs such as 
clea(' polyalrbonate covers and air valve extensions claim to minimize this concern. Umlted 
testing arid/or researCh is available to support these wheel cover claims. 

Repeatable and realistic impact test apparatus and procedure were developed. 

The tests produced estimated Impact forces between 3 701 Nand 9 142 Nand decelerations of 
bet;ween 39.s rn1-t ( ... 4g) and 97.67 m!rl (-10 g). · · 
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The test method was developed to demonstrate the strength of the side skirts under one 
specific type of collision, which may or may not be representative of how bicycles typically 
collide with heavy vehicles. For Instance, under typical conditions, the bicycle and the trailer 
would each be moving, however, in order to facilitate testing the trailer remained stationary 
while the bicycle was Impacted Into the trailer. Under these conditions, the testing 
dem6nstia~ that all tt"!ree .side skirts prevented! the loaded bicycles from entering under the 
tra.iler. Furthennore, ~ bicycles did not become wedged underneath the skirts. In all tests, the 
bicycles were ejected rearwa.rd along their original path and away frQhi ~ trailer and became 
tangled In the test tpcture, which would represent an adjacent lane, be It oncoming traffic or a 
lane travelling In the same direction. 

The three side skirts behaved somewhat differently from each other with respect to the amount 
of defol'!'llation, ~b6uQ<:t, energy absorption and the aft:lount of permanent skirt ®mage· after the 
test l)1e alumi~V!IJ -panel d~lgn· (#1) sustained the hiQhe~ ~rpount 9f perma~~ da.mage and 
deformatlon.a§ a r8$~1t of t~ng and clearly appeared damaged after eaCh of the lmp~ct tests. 
The IJ)Uiliin~rn~~rf• rigid dl&gq~ tu!Jular stee,l braces did not. ,themselve.s, ·absorb energy 
and simply tran'${e~'the energy arid slid along the rails wher~ perp11tted. The lack of elasticity 
In the System caused skirt #1-to remalri in its final resting pOsi~n on~ the lmpc\ct was over. 
As a r~utt ·of tflis motiQn, the distance between the ground and the bOttom of the side skirt 
inerease(t by approximately 7 em to 1 o em as a result of the Impact. 

Conversely, the skirt that used individual plastic panels (#2) did not have diagonal members at 
all, an~ was able to ~sorb the Bf!9rgy of the Impact elastically, and rebound t?aek to Its original 
location and condition wlttl only minor tell-tale signs of impact. The continuous panel plastic 
side skirt ·{#3) Clid have c;tiagonal braces, however, they were· made of flexible fibreglass and 
were able to be~ . radl~ty upon Impact and absorn the energy, and then rebound to their 
oiigjr:~aJ pesltiOri;~ alpeff ~ulrltig replac~ment d~ to bifurcation. With the exception of tire skid 
marks, the exte!19~- of bdth plastl~ desiQns did not ~how obY.IQus signs of damage once the 
ImpactS were co~ uq~. The Yei1ical distance between the two plastic side skirts and the 
ground old·not change ·as a result of the impact testing. 

The point of Impact on a sidf;J skirt, relative to the longitudinal position of the trailer, results In 
di~ererit e~~ d.~Mtng. on the type of skirt. Side skirts that use rig~ dlaQQnal bracing tor 
support (e.g. teSte(fsl<ir( #1) b.ehave differently If they are struck ahead of 1he traner bog~e slider 
rai.ls wtl~n eompared _to .linpacts adjacent to the slider rajls. When !m~.cted near th9- bogfe 
slider rpiiJ the diagonal braces ~n only slide a few Inches and are th~ri driven lnlo the olit$1de 
edge of the ~lid~( rail:· 'ftll~ .prevents the side skirt from f~rther movement and the bicycle is 
ejectec,l r~~~fd;Md .the skirt absorbs less energy. Alter'n~veJy, when the blcycl~ lrnpacts ~ 
sl<;te ski~ ~ea~ 9f tbe ·~J.Id~r-rall, the dlagonaJ braces are free to slid.~ along th_e cross members 

_ for as long ·as tH~ Impact force exce·eds the clamping force between the side skirt clamps and 
the traller'_s cioa!S members. The testing revealed that some d·iagorial braces, t~rqued to 38 ft ·lp, 
can slide as muCh as 28 em when struck by a loaded bicycle ._at approxJmaJely 21 krtllh. ihe 
actu~l amo1,1nt of sliding is highly dependent on the torque applied to the clamp bolts and the 
coefficient of friction between .the clamps and the cross members. 

Some side skirt$ do not exhibit external signs of damage after an Impact. Therefore, It may be 
necessary to·lm~pect the backside and securing hardware of side skirts on a yearly basrs In 
order to determine If they have been Impacted. 
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None of the side skirts were damaged to the point wher~ they could become hazardous to oth~r 
motorists . should the trailer continue to be driven on the road after an impact with a bicyclt3. 
Side skirts #2 arid #3 would only require minimal repairs in orde_r to be returned to service after 
an impact. However, side skirt #1 would likely require partial, or complete, replacement after an 
impact in order to be returned to service. 

The results of this q;>mparative study conducted using computational fluid dynamics lnqlcate 
that heavy vehicle trailer brake eonvective cooling can be negatively affected by the addition of 
side skirts ar:'d wheel covers under certain operational condltio~s. such as non-yaw ai.rfl~ (no 
slqe wind). !t Is also apparent that the effect of side skirts on brCJ)<e ~ling is relatively similar 
for trailers equipped with drum brakes or disc brakes, but th~ effect of wheel covers on brake 
cooling Is more pronounced with drum brakes on dual tire oo.nflguratlons than with disc brakes 
on single widE! tire configurations. With non yaw wind condltiOO$_, Wheel covers have very l~e 
Impact on _disc brake cooling, tor the geometries examined II) this study. The results of the 
computer simulations ~hoY~ trends t11at ln~lcate that brak~ coolJng ·co~k:t be reduced at highway 
speeds. however, on-road testing using v~hlcles with instrum~~ ~rakes would be required to 
quantify brat<e temperatures with, and without, the aerodynamic deVices. 

lllere was no __ net negative Impact on convective cooling of the front or rear disc brakes due to 
side ~rts when a .1 o··degree side wind was present. com par~ to. a non-yaw condition.· This Is a 
signif.lcant observation since there is almost always a yaw wind eomponent during normal 
trucklr%) ope.ratJons, and that side skirts are particularly beneficial from an aertxjynamlc 
perspective urider these conditions. It Is therefore recommend8Q that further simulations be 
conducted over a ra,rige oJ yaw a~;~gles to determine at what angle this yaw component may 
cancel out any negative effects that the presence of wheel covers and side skirts might have on 
brake cooling. 
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1.1 Purpose 

The purpose of this project was to conduct a literature review of existing side skirt and wheel 
cover technologies to undeortand the manufacturer's claims and to review ~elr curre~. pr.oduct 
lines along with their published costs and retums on Investment for their products. Addlllonalty, 
it was of interest to review the results of any testing or research that may have been ·performed 
to support, or refute, the claims of the manufacturers. 

Secondly, a series of impact tests were conducted to determine the strength and behaviour of 
side skirts Installed on van semi-trailers when subjected to a perpendicular Impact with a loaded 
adult bicycle. 

lastly, computer simulations using computational fluid dynamics (CFD) of the alrfiQw around 
both a ventilated ~ilsc bra_ke syst~ and a drum brake system on· vehicles. wtth and witf1~ side 
skirts and wheel ~vers we~. coilducted. The objective of the sl.mulations was to determine If 
the· use of side skirts and.~'.Wf\961 covers could have any effect on brake cooling by either 
restricting or Improving the air flow In and around the brake comt>onents. 

1.2 Background and/or Previous work 

NRC-CSTT _has previously studied side guards and their effectiveness In protecting vulnerable 
road users from under run. Tlie report [1] outlined the types of guards being used wor1dwjde, 
particularty In Europe-, Japan and Australia. The safety effects of sl(:le guards are out of scope 
for. this proj~t. howeyer, the previous report did Include a section describing the potential 
benefits of aerodynam!c"slde skirts and their use In North America. However, . the NRC..CSTT 
report [1) J.ndlcated ~f further .t~tlng would be required on side skirts to better underStahd their 
effe$ on brake cooling and-their potential ability to reduee Injury from side ~pacts, par6cular1y 
for cyclists. Those reCommendations led to the research and testing being performed In this 
project. 

1.3 Limitations 

Although ballast weight, to simulate riders, was ~ttached to the te~ bicycles, the purpos~ of the 
study' wa~ not to measure the forces on th'e simulated ride~ as they,_struck th~ tratler/skirt nor 
was NRC.CSTT attempting to study the way in wh!ch the rtder dep~ the bicycle ~ft~ lhe 
Impact. Studies of that nature would require anthropomorphic te'st ·devices (dummies) which 
were out of the scope of this project. 

Ra_ther, the purpose of this study was to qualitatively determine the strength of commercially 
available side skirts and to determine If their ability to resist Intrusion of a loaded bicycle vari~s 
along their length for one specific type of collision, which m~y 9r may not be representa~ve of 
how most blcycle-he~vy truck collisions occur. Once these effects are fully known, further study 
,through a combination of physical testing and compl.lter rl1odellng, would be required to 
property assess how a human cyclisfs body would behave o'nc'e it strikes a side skirt and to 
possibly assess any potential safety benefits of aerodynamic side skirts In preventing cyclist 
under·run. 
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Additionally, this study dealt with upright bicycles 1hat were impacted perpendicularly into side 
skirts. Tests involving Impact angles between 1 and 89 degrees, bicycles that are not 
completely upright (i.e. sliding under the skirts) or collisions between moving bicycles and 
moving trucks may be studied in future phases of this project, if requested. 

All of the testing was conducted in a controlled test environment at nominally +20 degrees C, 
without wind, ice, snow or road traffic. Ideally, the testing would have also been conduct~ at 
eXtr~mely cold temperatures to determine If the effectiveness of thermoplastiC side Skirt$ varies 
with temperature as they become brittle. If required, temperatUre .testing could be performed In 
a future phase, Inside a suitably sized.and equipped climate charriber. 

AltJ:lough It is possible, through computer simulation, to determine the absolute values of heat 
transfer between the air and the brake components, the actual values themselves could 
certainly vary from what would be measured during on-road tests. This is because the numerical 
models ~re devet~ with assumptions of vehicle geometry, wind and driving condl~ that 
could vary from ~~n to situatiOn. Further, simplifications In the deflriltion of model boundary 
conditl9ns and phys~l models also prevent absolute lev,!:)ls of brake COQIIng to be determined. 
Therefo.re, representative cases were used In the heat transfer models and trends were 
developed ~ Q~te-rmlne the relatiVe gains or losses associated With adding or removing side 
skirts. As-such, when reviewing the heat transfer results It will be Important to review the trends 
and the percentage differences, rather than the absolute values of the results. 

The calCulations un®rtaken in this study were not intended to provide a CQmparison of disc 
br&ke 'to · drum brake performance, as this would require extremely detailed geometrical · 
representation of the brake systems and would require icfentiCal undercarriage and· wheel 

· station CQOftgurations, Which Is not realistic of real wor1d condition~. An ally, the geometry is not 
Intended ·· to repre~nt artY particular manufacturer, but rather generic tractor-trailer and 
aerodYnamic device eomblnatiOns. 
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The side skirts and wheel covers studied In this project are designed to save fuel via a reduction 
In aerOdynamic drag on the trailer and truck. Some of the fundamental concepts behind these 
potential fuel saVIngs have been described below: 

2.1 Environmental benefits 

2.1.1 How fuel is consumed In a heavy truck 

Fuel is consumed by the engine as it propels the vehicle down the road. There are five major 
factors that the eitgine mu$t ()vercome that contribute to this fuel eonsumption. In general, theSe 
can be categdrlzed as fotfowS: 

• Aerodynamic drag losses; 
• Rolling resi$tat1ce; 
• Changes in, grade or ~lavation; 
• lntemat pawer train IQSses; and 
• AcceSSory losses (e.g. air COnditioning, alternator loads and, air compressors, etc.) 

The percenf:aoe contribution to fuel bum for each of the five categories varies from vehicle to 
vehicle, and certainly the contribution from aerodynaml~ rises steeply with speed. The 
contribution to fuel bum fr901 l~temal losses Is generally modeled as a con~t and 'the grade 
portion Is obviously only present while the truck Is ascending or descending a grade'. 

At 40 km/h, the power needed to overcome rolling resistance and accessory losses. Is nearly 
iwlce as. great a~ the power. heeded to overcome aero drag. At SO krlVh, the power J18Cessary 
to overcome. aero drag Is roUghly equal to that of rolling r~slstance and accessqries. At 
121 k(nlh, the pawer n~ry to overcome aerodynamic drag I~ appro,gmately g.s times 
_greater tflali rolling resistance ~nd accessory losses. Table 1 illustrates ~ oontribtJUOns to fuel 
burn .at various. sg~; a~.~lng a zerQ grade and proper1y lnflat~d tire§, and as~mlng that 
the ln~emaJ pOwer tralh l~es can be mpdeled as a constant relative to vehicle speed. 

Table 1 - Da.tributlon of power con - . 

Since there is more than one form of energy drain, it stands to reason that reducing 
aerodynamic drag by 20%, tor instance, will not result in a 20% reduction 11'1 over~ll fuel 
consumption~ Rather.· it will be 20% multiplied by the percentag~ contribution of aero· $ffects at 
that particular speed. For example, a 20% reduction of aerodynamic drag via_ the uSe of an 
aerodynamiC device would have an overall effect of reducing fuel consumption by 9.4% at 
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80 krn/h. These fuel savings would rise as speed increased to a maximum value of 
approximately 14.4% at 120 km/h. 

2.2 Aerodynamics and Drag CoeffiCient 

All vehicles have an inherent drag coefficient (Co). This is a number that describes the amount 
of aerodynamic drag caus~ -by flold flow over any body. More streamlined bod I~~ have lower 
C0 , whereas-more blunt bodies have higher Co- Agure 1, taken from Scanla trucks, lllustrales 
some examples of Co. 

~;; ~- -· 

Figure 1 -Various. drag coefficients 

It is clear th~ the use of complete aero pa~ages can d~"cally .reduce a vehicle's qverall Co. 
Howev~r. the scope of this stutJy Is focused only on side skirts and. wheel covers, which would 
play a ro1e !n the overall reduction but certainly not be the only corttributors. It Is estimated that 
Co as low as 0.30. C9Uid be achieved with full aero packages Installed on large heavy haul 
vehicleS that currently have Co as high as 0.6 (Rgure 1 and FiQ\Jre 2 taken from Scania). Note 
the full side skirts and whe.et covers on both the tractor and trailer In Figure 2. 
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Figure 2 - Ex4mple of prototype European complete aero package 

2.3 Side Sklrts/B.-Iy Fairings 

Aerodynamic side f5k}rts, or belly fairings, are d~vlces that are fitted to the longitudinal edges of 
a trailer alld are Intended to allow the air flow to pass alongside the trailer rather tt)an 
und~meath It The skirts reduce vortices and prevent the air fl'om contacting the underbelly, the 
spare tire, the rotating wheels and other running gear that are all relatiVeiy blunt. ·~ aQd~on 
of side ski~ .to highway trailers tends to smooth airflow and reduce cross-floW aJong ~ .. below 
ttle' bottom edges of the trailer and entrain the air more efficiently around the trailer arid keep 
crossWinds from causing turbulence under It 

The skirts typically clamp to ~e •t• beam frame ralls of the tra~er and are re.l~ easy to 
Install. Side skirts are often paired with gap fairings, wheel cove~ and/or b9at tails as pprt of a 
comP,Jete trailer aerod)'flamlc package (See Flg~.:~re 3}. Prop.erty ln~l,led slq~ skirts do riot alter 
the height, Width or leliQJh of the trailer but do add approxlmately,.?70 lb to tf')e tar:e weight of the 
trailer. As shown In Rgtire 4, it Is customary to integrate lig~ and refl~tdts directly IntO the 
srde skirt. If necessary, refr1geratfon equipment and landing gear cran~ handles can also be 
Integrated Into the side sldrts, however this may reduce the effectiveness of the skirts. 

Initially only found on trailers Involved in pilot projects, side skirts are becoming lncrea~ngly 
popular in canada as operators realise the effectiveness of the devices and the relatively short 
return on finai'leial Investment. One of the challenges regarding widespread IncorPoration of 
trailer skirts (as ~ell as other aerodynamic trailer devices) is that lo many Instances, . the -tractor 
and trailer ()Ymar$ are not the same. As a result, the trailer owner ma,y be reluctant to make the 
investment In the side skirts, knowing that only the tractor operator Will benefit directly from the 
resultant fuel savings. 
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Figure 3- EXample Of complete North-Amertcan aero P.claige (courteSy of ATDynamlcs) 

Many tests have been conducted with the aim of quantifying the potential fuel savings frbm the 
addition ot side skirts. 

A study J21 jointly. performed by Technical University Delft In the Netherlands and T~T transport 
concii,Jded ~e following: Initial driving tests with a traller equipped with the aerodynamic side 
skirts over :~ st~lghj streleh of public road revealed a cut in fuel consumption of between 5% 
and 15%. Subseqll~t research comprising long-term operaffonal tests by TNT displayed a f(!el 
,reduct(on of 10%. Tile~e results confirm the calculations and findings from the wind tui:mal tests: 
thes_e had alre[ldy established that the observed 14- 18% reduction In air resistance led to 7-
9% 'ttiss fuel eonsu_mption. In practice, the figures are In fact every batter. Other tests have 
resultf1d In fuel savrngs In the 4% to B<'-' range based on the Improved aerodynamic shape_ of the 
vehicleS. A similar study was conducted jointly between Frelghtwlng Inc, Transport Canada, the 
National Research COuncil [3] and three major Canadian earners. The aim of this proj~ was to 
quantify any potential fuel savings as a result of Installing belly fairings and low rider fairings 
(Figure 5) on 53-foot van semi trailers. Although all three carriers used their vehicles differently, 
the overall average fuel savings was 6.4% using both types of fairings. 
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Figure & - Example ot low rlcter side skid 

As With most devices. ~re are compromises that sh9Uid be conslderE¥J. In order to maximize 
the effediVene$5 of side skirts, thQY ~hould be mounted as low to • the ground as pOssible. 
However, yery low side sklrts are prone to damage as trailers .and trucks break over road 
dlsturpa~~ ~uch ·as ran road tracks and snow banks. It is generally accepted that most side 
guards arl(fside skirts are mounted between 8 and 16 Inches above the ground, -depending on 
the application ar'td the twa of material used. 

2.4 Wheel Covers 

Wheetcovers are anqther type of aerodynamic devic~ that can be mounted to any wh~l on the 
tra~or (Figunt 6). or th~.traller (Rgure 3). They are intended to reduce vortices Inside the wheel 
and smooth ~ut the flpw of alr and direct the air to slip past the wheel rather than become 
entrain~ within it .. Wheel cov~us are relatively Inexpensive, lightweight and ~Y to _Install. 
Although. the drawbacks are minimal, most wheel cov~rs do conceal the lug nuts and valve 
stems. thtf.S maklrig It more difficult for operators to check for loose wl}eel nuts and confirm tire 
air pressure (Agur~ 6). These Issues are minimized by using s~-through wheel covers, 
(Figure 7} quick release coversJ and air valve extensions. The effects on brake cooling have 
also raised concerns with oj:lerators and brake manufacturers. 

Most n'lanuf~ct~rers claim their devices reduce fuel consumption by approximately 1% to 2% at 
cruise·,· If Installed on both the tractor and the trailer, which places these devices among the 
lower- ~rforinlngde~s qffered. However, their low Initial cast yields payback periods that are 
comparable to other techn616gles, such as boat tails. 
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, 
tractor with one wheel cover on, and one Off (courtesy of Deflektor) 

Figure 7- Example of clear aaro wheel cover (courtesy of Real Wheels) 
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3.1 Trailer 

In order to provid~ a representative test scenario and to provide inputs for the computer r(l()dels, 
two 53-foot van semi-trailers were leased from a main li~ operator for the duration· of th~ 
proj~. The trailers were typical dry goods van semi-trailers bUllt on aluminum frame . cross 
members. One of the trailers was fitted with disc brakes and single wide tires whereas the other 
vias fitted with the more traditional dual tires and drum brakes: Once the ImpaCt test trailer was 
positioned ln~ ·place, ~e landing gear was lowered and the tractor un-hitched and departiid the 
test area for the duration of the tests. 

3.2 Side Skirts 

NRc-csrr beliQVed that different side skirts may perform differently with respect to strength 
and energy abSO!'Pfipn. Additionally, since each manufacturer use$ their own ptoprft tary 
mQUntf~R~Suoh .lgtt, it stands to reason that ·one m~ufa~. .. . I sf9e skirt c(xJid 
~ u~ than another manufacturer's when imp~ by a f).~. at ~ speed.. NRC
csrt ·PEt.ifO!med a review of aU. the side skirts available In tne Noftt\ · Ainertean market and 
pu.rctlased .three setS that rep~nted apparent differing technol9glgs 'filth respect to mC;tteri;al 
compo's~ri, ~e. mounting, ancf symmetry (I.e. reversibility vs. d$dq~eg f1gtlt sld9/Jeft side). 
From the ~1st of available pi'oducts, It became clear that many of the side· skirts· to6sety fit hito 
one of ttlree tnalqr cla~s of side skirts: aluminum panel{s), narrow plastic panels ·and wide 
plas~c panels. As sucp,· twb.·pairs of each of these three types of side skirts were pro¢ured for 
testing ~:analysts. The side skirts are described In Table 2. Addition~lly, o_neof the teSt 
traJie~ '8.tTI)i.~<fto NRC-CSTT with a set of sld~ skJrts already mounted. Althougtf not used for 
Impact testing, these ski~ were used as· InputS for the brake cooling computer models and 
simulations; their properties ate also listed In Table 2. · 

Many suitable skirts w~re not selec~ed for testing simply due to similarity to the tested skirts and 
pro)~ <;OSt and time nmttaU_ons . . The sel~n Of side ski$-was. somewhat arbitrary as the ~m 
of thl~ project was l')ot to rank oommerclal prodLtCts, nor was It to endorse any particular 
fl')anufacturer: · Thefe.fore, 1or tt1e purpose of this report, the side skirts shall be. knowri as #1, #2, 
#3 and #4 arid all conirnerelal branding was removed for the tests. 
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3.2.1 Skirt #1 

Skirt #1 consisted of three aluminum panels, one center section of five feet, and a rear and front 
section, each measuring ten feet in length. The rear and frc;>nt sections were flared to 
aceommodate wheels and landing gear, whereas the center section wa~ rectangular. This skirt 
was attached to the trailer, following the manufacturer's instructions, as follows: 

1. The tops of the aluminum panels were temporarily supported to the trailer using C 
clamps; 

2. The skirts were then supported aJong the edge of the trailer using 1he hold down clamps 
and flange stiffeners (circled in Agure 9) provided by the rpanufacturer; 

3. Next, the rigid tubular steel diagonal braces were attached to the bottom of the skirt 
panels and the upper ends were loosely attached to the-: trailer's aluminum frame rails 
using cross member clamps; 

4. The skirt was then lin~ up longitudinally along the trailer and a bubble level was used to 
ensure the skirt 'Ml$ hanging plumb; 

5. All fasteners Yiere·tightened; 
6. ~ frame ran croSS member clamps were torqued to 38 ft lb, as per tt\4! manufacturer's 

dir~o.ns; and 
7. Pre~teSt photos were taken. 

Once assemt?led, the skirt sat approximately 13 Inches above the gl'tXJnd. Th!! longitudinal 
distance betWeen the eiid of the skirt and the rear tires can vary deperldi,ng on installation and 
trailer _bogie setback. However, the longitudinal position of the skirt was ·detennined in sUCh a 
way to facllltfite testing but may be more fOIWard, or more rea.ward, when Installed on an actual 
in-service trailer. 
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9 - ·Rigid df~go~J braces and upper attachment flanges on skirt t1 
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3.2.2 Skirt #2 

Skirt #2 consisted of eight individual Injection molded plastic panels (Figure 1 0), each with a 
size of 37.5 Inches wide by 28 inches tall. NRC-CSTT foHowed the manufacturer's 
recommended installation procedure and installed the skirt as follows: 

1. The black hanger brackets were loosely installed and spaced appropriately (arrow in 
Figure 11) 

2. The high end hanger supports were loosely fastened (circle in Figure 12); 
3. The rear most panel was slid into place; 
4. The hanger supports were tightened; 
5. Steps 2 through 4 were repeated, moving forward, for the remaining seven panels; 
6. The panel to panel hardware was Installed, securing all eight panels to each other; 
7. The upper hanger supports were torqued down to the manUfacturer's specification; 
e. The leading and trailing edge fairings were not installed as they are largely cosmetic and 

do not a~r·the strength of the skirt; · 
9. The mud. flap strip Was attached to the lower edge of the skirts; 
1 o. Bllod riV~$ were used to attach the loWer edge of the vertical supports to the lower edge 

of the skirt . 
11. All connections were verified and re-torqued prior to testing; and 
12. Pre test phOtographs were taken. 

Once assembled, the skirt sat 9 inches above the ground. The distance between the end of the 
skirt and the rear tires can be vaned depending on installation and trailer bogie se1t>ack. 
However, the longitudinal po$iti0n of the skirt was Installed In such a way to facilitate testing, but 
may be more forward, or more rearward, When lnstalled·on an actual in-service trailer. 
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Figure 12 - Close-up of hanger support on frame rail of Skirt t2 
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3.2.3 Skirt #3 

Skirt #3 consisted of three Individual plastic panels (Figure 13), each With a size of 93 inches 
wide by 351nches tall and all secured to the trailer with a high mount continuous hinge. Sk!rt #3 
was the only skirt that required permanent alteration of the trailer. NRC-CSTI followed the 
manufadUrer's recommended Installation procedure and Installed the skirt as foHows: 

1. All three panels were temporarily held into place with C clamps; 
2. The rear panel was secured to the middle panel with bolts; 
3. _ The front panel was ~red to the middle panel with bolts; 
4. Holes were d~ into the trailer's cross members; 
5. The hang~r supports were secured and tightened; 
6. - The fiberglass diagonal braces (Ftgure 14) were loosely connected to the trailer frame 

rails; 
7. The fiberglass diagonal braces were loosely connected to the skirt panels; 
8. All connections were tightened, verified and torqued prior to testing; and 
9. Pre-test photograph'$ we·re taken.-

At seven Inches from the ground, sklrt #3 had the least ground clearance of the three models. 
Th~ d~tance between the end of the sklrt and the rear tlr~ can be v~rted depending on 
Installation and trailer bogie setback. However, the longitudinal position of the skr was 
determined In such a way to facilitate testing, and may be more forward, or more rearward, 
when installed 6n an actual in-serVIce trailer. 

The manufacturer's installation instructions Indicated that the skirt should be flared inboard 
toward the C$\tert!tl$ .of the trailer (Flgure 15), starting with the rear-~ge of the panels. NRC" 
CSTT did not folloW thhlln~n as it would have prevented testing Jn th$ flared SE)_ctlon due 
to the HkeUHood CJf severe damage to the traUer once the ballast . blOCk was ejected and 
lnte~nce ~ tbe _ tni~ and the bicycle's handlebar$. As a result, aU .tests W$'8 
conducted With the 'skirt In flush mode, as shown in Agure 13. 
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3.2.4 Skirt #4 

Skirt #4 was similar to ~rt #1 with a slightly different front taper. This skirt was used for brake 
cooUI"\g slmula~9ns _arK(~fing and not used for impact testing. Figure _16 Is a photo of skirt 
#4. The Installation lristroctlons for this skirt were not available therefore they have not been 
Included In this. report. 
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3.3 Bicycles 
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In order to represent a realistic Impact. NRY.CSTT acquired 1 0 full-size adult mountain bikes. 
The specifications of the bicycles are shown in Table 3 and a photo of a bicycle Is shown In 
Agure 17. 

Table 3 - Spec;lflcatlons of test blcrqles 

National Research Council Canada 
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Flg~ni 17 • Side vieW of test bicycle, simulated load (arTowed) ~nd platform 

3.4 Impact Ramp 

Basic .physics was used to. detennlne the theoretical starting height required for the bicycle to 
impact the trailer ·with the design speed of 20 kmlh. A variance of +I· 2 km/h was allowed. 
Once the height was ca{culated, an impact ramp facility was designed and fabricated. 

The impact . ramp consisted of. two courses of standard constructiQO scaffolds to achieve a' 
· height. of 3.0 metres. Aluminum channell;md cross braceS were then we~ed and boHed together 
to fQnn a tra<*Way. The trackway ~ascended off the scaffold at an angle of 37 degree$ until 
rea¢~ing "e.floor leveJ, approxlma~~ly 5.0 metres from the base of the scaffold. The trackWay 
then f9JIO.wed. the floor until It reacHed the trailer, approximately 2:0 metres from the p61nt at 
whiCh ft intersected the floor. 

A trolley car was faQrlca,ted from plywood and a steel super Stf\Jcture; steel wheels and axles 
were mounted to the base of the steel and plywood to allow it to follow the trackway. 

Since the trackway and trolley raised the bicycle by approximately 27 em above the ground, it 
was necessary to raise the trailer, using floor jacks, by the same amount so that the bicycle 
could strike the trailer side skirt at the same vertical location compared to an actual Impact. 
Similar1y, the trolley and track were designed such that the trolley could not pass under the 
traUer which could have allowed the bicycle's rear Wheel to pitch down, which would differ from 
a real impact A rendering of the impact ramp and trolley are shown In Rgure 18 and Figure 19. 
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Figure 1 a -Side view rendering of trolley and ramp system. Dimensions In mm and [ft]. 

Figure 19 -lsornetrlc rendering of bicycle mounted on trolley and ramp system 
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3.5 Simulated Cyclist 

As presented in Section 1.3, it would have been technically possible to mount an 
anthropomorphic test device (dummy) on the bicycle and attach Its hands and feet to the 
handlebars and peddles, respectively. This method would have allowed NRC-CSTT to 
Investigate hOw a human cycl~s body would behave during, and. after, ~n Impact with a side 
skirt equipped trailer. H~ever, the purpose of this phase of testing was to develop a test facility 
and to Investigate the strength and absqrj:)tlon properties of side skirts rather than the trajectory 
and final condition of the human rider. The costs to acquire proper crash test dummies was too 
high for this phase but could be cOnsidered for future phases. 

Therefore, it became .critica. I to design a simulated passenger that could remain on th. e bicycle 
as it travelled dOwn the rarop but alSo departed the bicycle upon l~ct Having no rtder would 
have created a f~sejy light Impact whereas having blocks of steel p~nnanen«Y fastened to the 
~t and ~ndle bars wotJid have created an Impact that was slgnlfiCarrify' more destructive to 
the sli:fe skirt than in a real situation. 

It was also. necessary to determine the typical weight and balance of the test bicycles. In order 
to determln~ thls, two different riders, one weighing 188 lb and one weighing 240 lb, were asked 
to sit on the bicycle In a com!ortable and typical riding position while each bicycle wheel was 
situ~ted on a .load scale. Using these two weights, a:nd khOwlng th~ Initial axle loads o.f the 
empty bike, it was determined that tha test bicycles with riders, achieve(! a 40:60 axle load ratio, 
front ~o back. Therefore, any representative load was added slightly ahead of the saddle 
position such 1hat the reSultant axle loads; lncl~lng the tare weJgh~ · of the bicycle,· were 
40%J$)%, front to back. The frame platform that supported the simulated load was f.~n~ to 
the bicycle and therefore remained on the bicycle after the Impact The weight of this device 
w~s approximately 12.2 kg (27.0 lb) and was deemed acceptable for testing as It could 
represeht accessories such as loaded side bags on a typical bicycle. 
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3.6 Handle bars and brakes 
: 

Altho~g!'J not ehtlrelyjrealistic. NRc-CSTT elected to lock the rotation (yaw) of the handle. bars In 
o~(tQ lrnprove re~·eatablllty of the tests. If the handle bars pad ~en allowed to rotate, the 
e>atct;coDfsJOri -attff;.U 9 may have been different for each of the testS a$ s6me may have rQtated 
to t~_eJ;;ft Sorlie to · e rtght and 6ome not at all. This may have led· to erronoo~s- eonclusionS 
r~j~ .ttie· relative meijts of one styte of gUard compared to anoth~r If rotating han~le bars 
ha~ been alf<jw~ tb @.f9.rb more energy on one test run co.m~[ed to anotn~r test run. 

-Th8rot~. ~~-~was secured to the hahdle bars ·wtth 'iiu• bolts, effeaively kicking 
the rotation of the hanctie bars. 

Th~ brake cables w~re disconnected for the impact testing to ensure that the bicycle's wheels 
were tree to rotate. 

3. 7 Instrumentation 

Ideally, a set of string pot displacement transducers would have been mounted to the side skirtS 
to measure Ule vertlpat and lateral displacement of the side skirts as a result to the collision. 
However, little was l<nown of the severity of the impacts and NRC-CSTT believed .~~ the' side 
skirts would likely tiave been ripped off the trailer due to the Impact, thvs eliminating the 
effectiveness of ·a string pot transducer. Additionally, since the side skirts behaved like a spring, 
it would have been pointless to mount accelerometers on the skirts as much of the acquired 
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data would have been 'noise'. The high speed camera, a.nd its abRity to view and analyze the 
Impacts frame by frame, was used In place of accelerometers and strong pot transducers. The 
following instruments were used during testing: 

Table 4 - List of Instrument& 
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4.1 Survey 

A short survey was conceived and written by NRC-CSIT and posted on an internet based 
survey site. Trailer manufaCtt,Jrers who belong to the Canadian Trans~rtatlon Eql!iP.ment 
Association (CTEA) were then asked to respond to the survey to assist NRC-CSTT In 
understanding the trends towards the use, or non-use, or disc brakes and aerodynamic 
packages on new trailers. The survey questions are outlined In Table 5. 

Table 5-Survey Questions 

over drum 

customers on the benefits 
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Centre for Surface Transportation Technology 



'' ••~-·· I ''"' o 

Document dlvulgue en vertu de Ia loi sur l'acces a !'information 

24 CSTT-HVC-IB187 

4.2 Setup for Impact Testing 

The test area was prepared as follows: 

1. Two 53-foot van semi trailers were leased for the duration of the project. one for 
mOdeling and one for testing. The trailers are representative of the most commQn type 
of traDer In Canada and are the types of trailers nonnally fitted with commercially 
avallabJe side skirtS. The Impact test trailer was backed Into building U-89C at NRC
CSTT facilities, the landing gear was deployed and the tractor departed the test scene. 

2. The test team, in consultation with Transport Canada, detennined that the Impact speed 
should be approximately 20 kmlh; · 

3. Design engineers at NRC-CSTT calculated the size and height of a ramp required to 
pr6Vfde an·tmpact speed of 20 kmlh; 

4. The mmp and trolley sy~em was designes;t In a 3-D design environment such that the 
lm~ct be,tween the bicyCles and the side skirts was as realistiC as J)OS$ibJe with respect 
to in"~.ct height. speed, bike attitude and weight and interactiOn between the bicycle 
wheels and the platfonn/trolley; 

s. The ~ siJ:te ~ set #1 · was attached, as per the manufacturer's Instructions, on the left 
side of the tralfer; 

6. The e~~ bicycle was placed on load cells and the load over the front and rear tires 
was measured; 

z. A 188 lb human rider mounted the bicycle and the f~ and rear axle loads were re
measured to determine the Weight distribution on the bicycle With a typical male rider In 
nomfal riding position; 

8. Step 7was repeated with a 240 ib rider; 

9. The results of steps. 6, 7 and 8 were used to detennine the arllOLint of load that should 
be added to the saddle, and to the handle bars, to ProPertY represent a lOaded bicycle. 

10. An aiiQwancG was m~~e to have a simulated human on the bike that would depart the 
· bike atthe. moment of Impact. Failure to do so would nave caused an excessive lOad to 
strike the side skirt, thus creating an unrealistic test environment; 

11. A high speed camera was leased from NRG-IAR to capture the moment of Impact; 

12. Pressyre sensitive paper mats were attac~ to the side skirts to measure the amount of 
forc4 Imparted from the bicycle to the aide skirt: and 

13. The trailer was raised above the ground by the exact amount of the height of the trolley 
and rail S}l$tem such that the bicycle could strike the side skirt In the same location as It 
would In a real collision. 
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4.3 Test Concept 

The resU.Its of the nine successful tests have been presented in Section 5. However, there were 
numerous experimental tests required to confirm that the testing was achieVing th~ desired 
resuHs and r~atabllity. This Is a normal proCedure for the commissioning of a newly designed 
and constructed test apparatus. 

Early experimental tests were found to be !~equate because the bicycle's front tire ~ 
Impacting the skirt while the trolley was still moving at the target speed. As ttie wheel impacted 
the skirt It tended to stop, yet the rolling high speed trolley unc:t.emeath tended to tum the biCycle 
wheel In the opPosite direction and the trolley tended to pull down on the .bicycle effectively 
adding weight to the impact. In essence, due to friction between the bicycle wheel and trolley, 
the 92·kg tr91ley had become part of the bicycle thus creating a more severe Impact. In order to 
solve this ls8ue, the bicycle was moved rearward on the trolley and the arresting system on the 
tracks was altered such that the trolley was arrested approx{mately 30 em before the bicyCte 
struck the . sld~ ~klrt This resulted In a much more realistic Impact since the trolley stoppe<fy."ell 
short of the trailer wh!CH caused the blcycte to continue moving along the,.statlonary trolley, With 
both wheelS hJnijng freely tn the correct·dlrectJori until Impact with the trailer. 

The. e~rlroental tests.also rewealed a tendency for the bicycle to roll to the ~Ide qff the trolley 
syster:nJ· aoriieUrry~ well' petore the Impact Therefore, a set of weld~ ~ • A• brackets were 
attach~ to the {ear of tl)e trolley. The brackets were spaced far enough· away from the bicycle 
to pr~vent binding, bUt close enough to resist the naturaJ rolling moment of the bicycle . 

. AlthO\.fgh Initial!)'. !nt9!lded for the purposes of test analysis, the high speed camera prove~ to be 
inva.lullble for ass~lilg the effectiveness of the test method and was ln~trumental In honing the 
pf'C)Cedure. Once.tlie test procedure was vertfied, au nine tests were conducted as per Section 
4.4. . 

The mClfiY. expertm~mtal tests not used for data analysis were a critical step in the process and 
Will allow for repeatable tests and very quick ~tup time for future tests of this natUre. 

4.4 Impact Testing 

The tests used for analysis have been coded as T1 through T9. The procedure used for these 
tests was as fotlows: 

1. Th-. left side skirt of skirt #1 was mounted to the trailer foHOWing the manufacturer's 
printed Instructions; 

2. The side skirt was inspected for integrity and strength of attachment; 

3. The Impact ramp was positioned besl.de the trailer and locked Into p!ace so that it lined 
up preciselY mid span between two major side skirt supports; 

4. The simulated load was placed on the bicycle; 

5. Small dowels were driven Into the plate to prevent the load from slipping off the bike 
while on the slope; 
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6. The bicycle was winched into place on the top of the ramp (Figure 21 ); 

7. The high speed camera was cued and started; 

8. All other cameras were started; 

9. The pin underneath the trolley was released and the bicycle was allowed to strike the 
trailer side skirt midway between two supports; 

1 0. The high speed camera was turned off; 

11. Still photos were taken; 

12. The deflection of the side skirt was measured; 

13. The steel plate was removed from the test bicycle and mounted on a new bicycle; 

14. The new test bicycle was prepared for testing; 

15. Steps 1 through 13 were repeated with impacts against a major side skirt support; 

16. Steps 1 through 14 were repeated on the remaining side skirt makes and models; 

21 -Bicycle and simulated load at the toP Of 

The order of testing is Illustrated in Table 6: 
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Table 6 -Test Sequence 

4.5 l;ffeQt of Side Skirts and Wheel Covers on Brake Cooling - Computer 
MOdellrr · · · · · . . g 

4.5.1 Overview of the Approach 

Higtl tempera.tures In the wheel end geometry can lead to negative affects that directly Impact 
vehl~~ ~fety. 'tlre alllaPo~. hub grease melt--out; brake iin,lng failure and ttfe~l era~ and 
dlstQrtiohs ~ve ~~ ~.· .n·.hn~ed to excessive tem~.rature and brake failure [22]. e.¢p.ssl'!'e 
h~ttng ot dlsR~.-Rfaktl ·~.mpohants combined Y(lth temperature g~dlents can !a~ ~Ut~ 
9lrtu,rnt~re~~pjsc ·tfllc~. variations which In tum lead to brake )udder, a highly undesttabte 
forced vibration Wlth.a frequency directly related to vehicle speed {20]. 

The prtmary mechanism responsible for drum or ventilated Qlsc brake cooling at tllghway 
s~>,ee,dS f~ convective· neat transfer, that IS, heat removed by illr fiowlng around '6ie b(ak~ d~ITI 
or tti'I'Q.UQ~. ~e --:aned ~SSages and around the surfaces of fla ven~l~ted discs .(1Qlt[~~l· Fbr 
effectfve'.C9QHng, th~ brake drums or rotors require sufficient air flow to remove the heat tfirough 
convection. 

In this study, computer simulations using computational fluid dynamics (CFD) of the ~lrflow 
around both' a ventilated disc-brake system and a drum brake system on vehicles with and 
Without srds ~kirts and wheel covers were conducted. The objective of the simulations was to 
d~terin.lne. If ·~n~ use of side skirts and wheel covers could tiave any effects on brake coaling bY 
elthe.r r~strtcting or Improving the air flow In and around the brake components. 
Calet.ilations were conducted for 13 goometricat configurations: 
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Case 1: Drum brakes on baseline trailer 
Case 2: Drum brakes on trailer with side skirts and wheel covers 
Case 3: Drum brakes on trailer with wheel covers only (no side skirts) 
Case 4: Disc brakes on baseline trailer 
Case 5: Disc brakes on trailer with side skirts and wheel covers 
Case 6: Disc brakes on trail'er with wheel covers {)nly (no side skirts) 
Case 7: Disc brakes on trailer with side skirts only (no wheel covers) 
Case 8: Disc brakes on baseline trailer, with positive yaw side wind 

CSlT-HVC-TR187 

Case 9: Disc brakes on trailer with side skirt and wheel covers, with positive yaw side wind 
CaSe 10: Disc brakes on trailer with wheel covers only (no side skirts}, with positive yaw side 
wind 
Case 11 : Disc brakes on baseline trailer, with negative yaw side wind 
Qlse 12: Disc brakes on trailer with side skirt and wheel covers, with negative yaw side wind 
case 13: Disc brak~ on trailer with wheel co¥ers only (no side skirts), with negative yaw side 
wind 

To evaluate the effect of side sl<irts and wheel covers on the aJrftow around the brake systems, 
the brake dn:im/~lsc surfaces were maintained at a 9()nstant tamperature and the stea~·state 
convective heat 'ransfer frorll the drum and ~Is~ ~rfaces was ~Jcu.latEid tor the given· vehicle_ 
speed. ThiS ~mach ~t1ts- a •snapshor In time following a slg~lflcant braking event, for 
example, braking while-r dsstending an Inclined stretch of highWay, · and provides an 
understanding of the lnstil~aous cooling effects that, were ~ey to be measured in a field or 
laboratory environment, wauld be time-averaged over some finite petlod. With· this approach, 
the convective heat transfer from the brake drum/disc surfaces Is the metrJc by which the airflow 
available for COC!nng Is m~ur~. and the tendencies far lmpJ'9Ved or r~uced cogllng caJ)aclty 
based on geoiJletrical confiQuiatic:Sns (with or without side. skirts. and whee.l oovers) can be 
eXamined. While· tnls approact; is ·a simpRflcatlon compared to rea~·ll!$ brciking events, It has 
nonetheless been demonstrated through comparison ~ laboratory seal~ el<PE'r.iment to be a 
valid methodologyfor'comparatlve brake cooling and design studies [1S],[18],[f9J,[20]. 

The calculatt9ns un~erta~en {n this study were nat intend~ to provide a com~rlson of disc 
brake to drum brake performance, as this would require e~emely d$talled g~metrical 
represe~tian of the brake systems. Slmllarty, the calculations w~re not -Intended to provtde 
absolute levels of heat transfer, but rather engineering estimates of th'e relative cooling 
pertormanCit. (I.e., improvement or deterioration, and to what extent) bas~ dn the addition of 
the aerodynamic enh~ncemem devices. Finally, the geometry Is not lntenC!ed to t~eresent any 
partJcular manufacturer, but rather generic tractor-trailer and aerodynamic device co~(naflons. 

The remainder of this section outlines the details of the modeling methodology- the geo111etry, 
the computational mesh and the physical models employed. The results of the shnulations are 
discussed In Section 5.4. 

4.5.2 Geo~J'ifttry 

Solid models of the tractor and trailers were created using the 30 modeling tool Solid Edge. 

A Class-a tractor with roof fairing geometry was used in all of the simulations. The tractor 
geometry is based on a White Road Boss vehicle that was created from dimensional drawings 
under a previous study [14]. 
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The trailer models were created based on physical measurement of actual, full scale tandem 
axle 53-foot trailers that were leased by NRc-CSTI for this project. The trailer equipped with 

· drum brakes was typical of standard tandem axle, dual tire conf~guratlons while the trailer 
equipped with disc brakes was typical of tandem axle, single-wide tire configurations. 

The main trailer . undercarriage components (landing gear, suspension, mud flaps, etc.) were 
included In the models, but were de-featured to simplify computational mesh and numerical 
modeling effort by remo'vlng elements such as hoses and clamps. Figure 22 and Ftgvre 23 show 
the actual · and modeled geoih~try. respectively, in the region of the rear suspension for the 
drum brake tr~iler. This level 'of geometrical accuracy was chosen to ensure that the primacy 
flaw characteristics due to the blockage caused by undercarriage components was captured In 
tfle simulations, ~e_reby all~wlrig .a meaningful comparative study whHe. keeping the numer1cal 
model computatlonBJ effort. tO a r~nable level. A similar level of geometrlcill representation in 
the numerical models of the diSc brake trailer was employed . 

.. 
Figure 22 -Trailer equipped wtth dn.lm brakes 

National Researctl Council Canada 
Centre for Surface Transportation Technology 

OA9,047 
t{~ 



Document divulgue en vertu de Ia loi sur l'acces a !'information 

30 CSTT-HVC-TR187 

Figure 23 -Solid model of trailer equipped with drum brakes 

Add~nally, the Interior surfaces of the brake drums were not included in the simulations, as the 
gap betw~n f!te 9~. sttleld ~nd drum opening was very small. This rs a reasonable approach 
for a comparatl e studY of the flow field around tl'!e brake drum system as Influenced by 
up$tr~m trailer corn'ponentt;. In the case of the ventilated disc brilke, air -flow through the vaned 
pa~ges was lneiuded In 'the models, since approximately 60% of the convective heat trMsfer 
from CHtc brakes' occurs In this region [21]. 

Th~ geometry of the side skirts was taken from measurem.ent of an actual device that. was 
acq\Jlrad by'NfiC.CSlT (Skirt#4). Wheel covers· were approximated by ·cloaloo off' the exterior 
surface of the wheel hub using a flat plane section of material having a negligiQ!e thlckhess, 
rep(esenting .a typical aluminum wheel cover construction. shows solid models of a trailer with 
and'wtthout the side skirts and wtieel covers. 
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Figure 24- Solid model disc brakt! trailer, with and without side skirts and wheet covers 

The wheel .hut}s.of the du!JI tires and drum brake system contained two openings through which 
air cou~~ travel, as shown In Agure 25. The relative anguta~ position of the openings was 
arbitrarily' chosen tQ be a~~ 3 o'clock and 9 o'clock pOsitions when vieWed from th6 side. 
Whlie" It fs understood that the loca~on of the hole~ relative to the ground or trailer under-l)()dy 
could re~lt. In a different flow pattern, a single position Is suffjcfent for comparative studies s~ch 
as the one cond_ucted In the present work. The wheel hubs of the single-wide tires and disc 
brake syStem co~ined 10 clrqi.Jiar openings through Which air could travel; a~ such, the r~lative -
angular location of the openlnQS ~s even less Important for the Intent of these comparative 
studies due to the axls-symmetitc nature of the geometry. 
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Figura 25 - Dual and single-wide tlra geometries 

4.5.3 Computational Mesh and Domain 

Unstructured, mlxed-etemer~t computational meshes containing tetrahedral, hexahedral and 
prismatic el~ments wer$ cr~ted for the various geometf!cal ~nfjgi,Jrati<?ns A relatively coarse 
mesh was constructed on the tractor and main trailer surfaces '(maximum element size 9f 6 
Inches full scale), since the Intent of tt)e geometry ln·this area was oiilylo capture the groSs ·flow 
f~ab,Jr~s. The mesh was refined In the regions In and around the rear brakes, With a minimum 
surface element edge· size of 0 .. 06 Inches full scale typlcaRy applied In key areas svch 8$ the 
br~ke pad-d~se 'tnterfclce. A typical computational mesh eonsi$ted of approximately 2.5 initllon · 
ncxtes (approximately 13 million elements) for a half-vehicle model. F~gure 26, Agure 27, Figure 
28 and Figure 29 show typical surface meshes In various locations. 

National Research Oouncll Canada 
Centre for Surface Transportation Technology 

000050 

L-l-h 



CSTT-HVC-TR-187 

........ .-..-,I 
1 ' '-'""""""'""" ,.._.,.._. ... ..., ......... t"' ....... IU'-'4~11'1. 'I.V '1.1 IV 1"""''-""-''-"~-.JI """' IIIIUI flt<.oi'I.IVII n '-"1. I 

Document divulgue en vertu de Ia loi sur l'acces a !'information 

Figure 26 -Typical surface mesh on tractor 

. , . 
.......... , ..... , surface mesh atound wheal hub, drum brake configUration 
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Figure 29 - Surface mesh through vaned passages of ventllated dfsc brake 
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The computational domain was created with far-field extemal boundarles. Figure 30 shows a 
side view of the computational domain. 

Figure 30 - Extent of computational domain 

4.5:4 Physical MOdell11g Approach 

Steady state floW .. slm~lattons were conducted with the ANSYS CFX solver. This softwar~ 
~~ge .ha$ ~en .~ed- extensJ\t:ely for brake cooling an~s. ~rid ~s been valid~ted .In 
publ~ed works [16], (17]. AJI of the str:nutatJons conducted lrt this sfudy ~s~ a: high re5olutlon 
advec:t~on ~eme ~tid first order ~rbulence numertcs. Turbulen~ was,m<*J.el$1_ using. the 2-
equatio'1 k-<4 b~ $;~r Stress Transport model with wall functions and autonfatlc near wall 
treatment In tow-Aeynolds number regions. 

The Inlet boundary condition was configured· as velocity-specified air at 20 deg. Celcius. The air 
velocity was 100 ktnlh with nQ lateral component for the zero-y~w cases (Ga~es 1 through' 7), 
and for th_e cases Involving sld~ wind, a.posltive (Cases 8 tfirough 1·o) or nagatlv.e (Ca.ses·11 
thro!-fg_h 1:3) lateral_ co~ppnent of 17.63 kinlh was inclvded, which represents. f:l wJ~ yaw ~angle 
of :t10 degrees, This. angle was c~sen because It represents a realistic upper bound o,n wind 
yaw experfe~ced at nonnal highWay cruising speeds, based on hourly-mean wind statistics for 
North America [23]. Turbulence boundary conditions were set to 5% turbulence Intensity. 

The outle~ boundary was configured as an average relative static pressure. The far field 
bo4ndan~s were configured as free-slip (frlcti<>nless) surfaces. The ground boundary was 
configured as a translating surface equtvaient to the vehicle forward speed of 1 oo kmlh. 
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The wheel and brake drum/disc surfaces were modeled as rotating with constant rotational 
veloQitles that matched the forward vehicle speed based on the tire diameter. The surfaces of 
the brake drums and discs were modeled as Isothermal at 400 deg. Celcius. While the actual 
absolute value of the temperature is not...critlcal for the purpose of a comparative study, this 
temperature was chosen based on published data for automotive disc brakes [15] and heavy 
vehicle drum brakes [22], and 1$ a reasonable approximate average temperature for a heavy 
vehicle disc brake undergoing steady-state cooling. 

All"of the zero-yaw cases were run with a half-model of the vehicle. A symmetry plane boundary 
corn:Ution through the centerline of the vehicle was employ9Q In these cases. The non-zero yaw 
cases were run using a _full vehicle model; however, one haH Of the vehicle was defeatured in 
order to simplify meshing and solver computational effOrt Ali post processing of cooling 
performance results was conducted on the fine-grid portion of the models. 

In the case of the diSc .brake configuration, the airflow in the vaned passages was modelf:ld In a 
rotating frame of reference. This approach Is necessary to accurately capture the additional 
sources Of angular fl'lOfllentum due to the effects of the centrffugal and Cor1olis forces In this 
region A ...., r~r" int~ was ~~ between ~.statiOnary and rotathig ~~ of 
reference. This steady-stat$· Interface allOws for both meridional and-circumferential flow-profiles 
to develOp (i.e., withOut circumferential averaging), and is a r~nable fll)proach when the 
number of ~s is relativelY high and wt1en the upstream or dOwnstream geometry is non~ 
uniform, as Is the 'ca$8 for the brake disc system modeled tnthls stUdy. 

For all of the calculations, equation residuals and Integrated wall heat flow values on the brake 
s~ Yiere monttorect The solution w8$ coO,Idered •converg~ ~n RMS ~iduals for 
mass, momel:'!~m and thermal energy approached 1 E-4 or below· and when Integrated wall heat 
flo'Ws vaned by less than 2% typically, based on a minimum 200-tteratlon moving average. 
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5.1 Literature Search 

The results of the literature search are presented In Sections 5.1.1 and 5.1.2. 

s.u Side Skirts 

5.1.1.1 Side Skirt Search Sources 

The primary source used in the review of commercially available side skirts was the UnltE!d 
States (US) Erivlronmental Protection Agency (EPA)'s SmartW"y Program, SmartWay Is the 
only governm.ent pi'OQrarn In North AmeriCa that has established a form~l certfficatk>n pr_ocess to 
reflect the performance of various . energy ef:flclent technologies for heavy vehicles, l~ludtng 
side skirts [4]. The EPA malntahis a list of side skirt models that have been vert~ed as 
aerodynaml~ technologies (~ •standard. or ·advanced•, with ~'!'ated tua savfnga of >4% 
and >5% respectlv~ly), based on the results of a modified TMC/SAE J1321 Type II Fuer 
Consumption Te~ [5). This verified side skirt list, presented In Table 7, was the basts for all 
subsequent searches. 

Secol)d~ry search _sources for t;lde skirts included Natural Resources Canada (NRCan)'s 
Flee~mart TechiJQiogy Fl.lnd program (linked to SmartWay technologl~s through a fotnial 
Memorandum of Understanding ~lth the EPA) (6] and the Govemment of AJt)erta's Trucks of 
TomorroV~ · rebate proQram [7]. Both programs ·encourage the adoption of energy efflcl~nt 
tectmologles tor heavy duty trucks by offering relmbul'$emei'lts or rebates to commercial_ truek 
owners a,_nd operators who Install aerodynamic deviceS on· th~lr fl~ts. A list of eligible Side 
~kirt tE~Chnol()gles -was Identified throu~h each program - the$G lists form part of the review 
presented In Section 5.1.1.1, below. (Note: Other similar Canadlati rebate programs were 
reviewed; however, no side skirt lists were available.) 

In aqditlon, a stu~ carried by the US Natlon.al Research Council (under the National Academy 
of ~ence~. Transpo~tion R.es~arch Board) In conjunction with the us ~partment of 
J'rai)Spptfatidn {IJ9T)'a ~tiQnal Highway Traffic Safety Admtnr~tion (NHiSA) was used· as a 
benchmark resource for thfs review. The study, entitled Technologies ·arlfl App1'011chfJS. to 
RedlJclng i/le Fuel Consumption of Medium- and Heavy-Duty Vehicles 0, lncll.lded a r~vlew ·of 
side skirt teqhnologles fat ~eavy-duty ·trailers, based on feedback from ma~et s\,irveys. A 
limited number of manufacturers responded to the survey, however, the ensuing discussions 
suiTou~dfng the use of these side skirts In the North Amencan market were direCtly In line with 
the desired outcome of this rei.llew. 

5.1.1.2 Side Skirt Search Procedure 

The side skirt search was conducted as follows: 

1. Compiled a list of available side skirts from the sources noted in Section 5.1.1.1 ; 
2. Perto·rmed a general wetr.based search to Identify any additional side skirt technologies -

key words/phrases Included: side skirt, side fairing, belly fairing, aerodynamic tractor trailer, 
tra.l(er air flow deflection, and undercarriage airflow; 

3. ~;stabJished a list of side skirt specifications to be reviewed {e.g. material, design, cost, etc.); 
4. Performed a search of original equlptnent manufacturer (0Efv1)'s websltes; and 
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5. Conducted telephone interviews with O~Ms to verify website data and gather detailed 
product specifications. 

The results of the side skirt search are presented in Sections 5.1.1.3 and 5.1.1.4. 

5.1.1.3 Commercially Available Side Skirts 

The search ouUined In Section 5.1.1.2 resulted in a list of 30 commercially available side skirt 
m~els, available through 16 different suppliers, all of which are verified as eneruy ef.flclent 
technologies und~r EPA's SmartWay Program (Table 1). Further Investigation revealed that 
two of the 16 SMppllers are not OEMs and their side skirts (th!ee models In total) are simpry re
branded as a ~esult of a partnership with an OEM. Furtherrriore, five of the ·27 remaining 
fTi~els are ~er discontinued or have become obsolete based on greater fuel savings from 
Imp~~ models. This .re-evaluation resulted In a total of 22 models available for tevtew; 
howev~r •. due to the similar specifications Qf some of the models offered by QEMs (e.g. mod!=tls 
only ~ltfered aesthetically), a shortened list of 19 unique side skirt models will be used for the 
remali'tder of this review. 

Of ·thEJI 13 OEMs Identified, three are Canadian: laydOQ .. ComP.Osttes of Qakville, Ontario; 
T~~~.Com~~e of Montreal, Quebec; af1d AirFlow Deflector,·also of Montreal, Quebec. All 
three sell arid distribute their prOducts throughout North America. 

Note: Side skirts used for the impact testing outlined in Section 4 are denoted with·~· In Table 
7. 

Table 7 - Aerodynamic aide skirt availability and program eligibility 
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EPA SmartWay Verified Side Skirts 
Eligible Side Skirts Under 

Cana<IIJn Pr rams 
Gov. Alberta NRCan 

Rebate FleetSmart 
Supplier Product Model 

1S ~ntlc Great O.ne AeroGuard - AGD40G-43 
16 Canter Translcold Yes 
17 frelchtWlna 

- . ·-·· . . ··'I..-.. . ~ .. ¥ 

( J. • ~ • •• :..:. ~ • • ": • • • • <. . . . . .~ Yes 
18 , ~ eomposltes . . . 

.: .. , :. ~: . :. - .. ' .. , . . .. . . . . ·, . Yes 
19 llfdcm~ Yes 
20 a..ydcin CompositeS Yes 
21- RldpCo~ Yes 
Z2 ~Corporation GreeriWlnr. RACoo12 .... 
23 Sllvir ~~~-
24 Stiehl Model715 

25 ~Bottom Tr;tller Skirt •• • 
26 Transta 

27 Utility T~ller 

28 w~~~~ . : 
29 Wabast,! ~ntl 

.30 ~ 

MFS Tl'llfet Side Skirt Yes 
~---~~---~---------~ 

Side 514tt 160 Yes 
r----~------r---------~ 

Dur.~~-Sta~ Yes 
r----~~---~--------~ 

~Me AeroSidrt- Ancled Yes 
~---~~~~---~---~ 

Fleic-Falr1"1 Yes 
••• Not lVI liabie for purchase (-.ylll not be Included In sl~ skirt spedfiatlon review) 

:j Ntodel used In lmpac:t testma outlined In Sec:tlon 4 
1 . . . 

Carrier Tra!'\IICOid $klrts ire produc:ed by FrelghtWtna (from this point forward, the 'FretchtWlnc' model will be used) 
2 . : .-

A11)ynamles Skirts ar• produced by Transtex (from this point forward, the 'Transtex' model wtH be used} ' . ·• ... 
Canadian niaril.ifi!Cturers · 

5.1.1 .4 Side Skirt Specifications 

'fl1e 1~ slde sklrt , mQd~ls presentest In Table 7 serve a common aerodynaJllic function, how~ver, 
their speci1Jcations, Cftfter. These speclflcations are summai:lz~ In SectiOns 5.1.1.4.1 through 
5.1.1.4.<4, Wittl a focus on ttl$ _follOWing: (1) ina~erial and wel~hl, (2) aerodynamic pertonnance 
and cost,' (3) design, mounting; arid l~llation, and (4) unique product cfalms. 

5.1.1.4~ 1 Material and ;Weight 

Side skirt p~els are Prif".arlly ll~allable In three materials: aru.mlnum, thermoplastic olef!n (TPO) 
and fi~rgla~ t~\ilforce<J plastiC (FRP). TPO and FRP, common Rlas~ often· used In the 
autofT!oblle I~.Ustry, have. similar properties- they are flexible, durable, llg~efght.. temperature 
resistant, ult~vk>let (UV) stablllzed ahd often r~clable [10]. In e9mpari~, alu'mlnum, a metal 
knOwn for Its overall strer:iQtfi and relative lightweight, Is less ela.stfc than plastic; and tenos to be 
heavier than TPO or FRP. 

The average totaJ weight of the 19 models listed In Table 7 Is 272 lb (lnctudes two skirts and 
mounting hardware), with a range of 138 lb to 435 lb. Aluminum side skirts are the.heaviest 
with an average weight of 355 lb, followed by TPO at 290 lb, and FRP wtth the lightest average 
of 200 lb. 
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Side skirts cost between $750 and $3600 (US/CAD $ taken at par), with an average cost of 
$1 675. There Is rio evident relationship between the cost and material; the cost range appears 
to be related to the specific design and function of the side skirts (see Table 9). 

Examples of aluminum side skirts may be seen at Figure 8 and Figure 16, TPO side skirts are 
shoYin In Agure 10 and Agure 13, and FRP sk:te skirts are shown In Agure 31 and Agure 32 . 

~1 - EX.mp .. of flberglua reinforced plaatlc aide -.ldrt (courtesy of 

Tabla' 8 -Side aklrt material and weight 

Model 

~. • • • ': • • . . . . . -~~·:· t·' ..... ' 

', • r :, • ' • 1' : .· ·~ . ' . ·. ' -~ ! 

~~ . , , - ·. -~ 
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:1 
Model used In Impact testln& outlined In Section 4 

• Price not ~liable- OEM Is only offelinl seeded units at this time 
1 . . 

1 
EPA ~rtWay Finance Website [11) 
Plice u sold on Utility Tlilllers only- aftermarket prices vary 

5.1.1.4.2 Aerodynamic Performance and Cost 

The aerodynamic trailer side ~klrts, as presented In Table 7, offer an ave~ge ~uel saytng~ of-
6.0%, with a rang~ of 4.0%.\0 '7.5%. These fuel savingS values are the result of the SmartWay
mandated TMCJSAE .J1~(Type II testing, discussed In Section 5.1.1.1. Thls·testtng, although 
standardized in theOry, ·~ va~Y,In t~rms of exact track conditions; weather, trailer coriflP.uration 
and ·ua:ctor speed. ~- ::slich; QEMs prefer t9 use In-service, real-wortd tes1i~ .r~uti$.~ which 
range from : 61~~- ~.OO<o, wheQ .. promoting. their products. Ho~eyer, sin~ in-~rvfce r8$ults 
cannot .. be ~WI~ ·9r i~~. and TMCISAS t~ re.sults are . the I)Ssts of SniartWay 
verification and fuel saVf~gs Cfas$tflcation, TMCISAE re5ults will be used for the review. 

Approximately one-t!iird of the side skirts are ~ as •advancecr technologies, yle~lng an 
~qt~t&d ~1 .~Vi~~ ol 5% or more. In addition, two of ~a five mod9f$ cl'a~J!Ied as 
·~· {~~)'·~· ~. ach~ a .fuel savings grea_ter than 5%, due to a model 
u~rlde that'hai:i' not yef beerr v~rifl~ by smartWay (see Table 9). 

As noted In ~on 2.2.1, side skirts can be combined with other aerodynamic trailer 
technok>gles (~.g, gap or tall fairings) as part of an aero package In order to achlev~ greater fuel 
saVIngs. Aero pa~g·es (Agure 3) have become Increasingly rn,qre PoP'JJiar ~nee til~ 
announcemen~ of th& .~llfomla Air Research Board (CARB)'a H11avy-Duty VeHICle Greenhouse 
Gas Em.l~loil R.edu¢1.on Regulatiqn In 2010, which requires all tong-haul tractor trailer. 
combfnatloriS, lncluctlng those from canada travelling through .; Qalifomi@, be equipped _with 
SmartWay q,_eljifl~ .lg-Y ;iouJna.res~rt tires as well as SmartWay verif14d. ae~amtc da·vtces 
with a tQtal Of 5ro of tnote In fuel ~vings [12]. The 5% total savings can be achleyb<;t through a 
co~~!~ori~9f '\.~--~Tea. -,~fr'ig S~ay ·sta~rd'' sld8.~$klrts, or ~Jmply tfli'OUgh 
the ~fattort ·~.-~- :~.~aW .wanced· ·side sk1rt: Approximately "'half of the ·sfde skirts In 
Table' g· ate·Offeted as part otan aero package. 

The averagEt cost Qf s~e s~. as noted In Section 5.1 1.4.1, Is $1 675 (lJ:SiqAN dollars !]t par). 
There Is n0 C9ri.Ciuslv~ relat}onshlp between the ~~t of side ski~ and th~lr estimated . fuel 
savings • . The ~st Of .~lde' $ktrts ·~wears to be rel.afed to thefr speQlfic design and furiCUon· 
(T~Ie 10). Side s~lrf OEMS commonly offer warranties between one arid 10 years, with some 
llmfted lifetime W.Qrrant~ available. 

The stated. retu~ Qn tnvestmen\ (RQI) of side skirts is between 4 and 2.4 montJ.ls. These ~lues 
are not e>lp~IQJUy presEJnte<Hri tabular form as each OEM has ch0$en to use different parameters 
and a5sump~cins in their i;alculatlon (e.g. average number of kllomet~t:S travelled, cost of fuel, 
drivlnQtdrtva-r · ·cbndltlon~. etc.), and therefore the claimed ROt ~alueS eannot be com~ed 
directly. In order to obtain accurate ROI values, trailer owners and operators must use their 
own param~ters In the calculation. Many side skirt OEMs offer online calculators to help predict 
ROI for their products. 
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Table 9- Side skirt aerodynamic performance and cost 

Model 
Fuel 

Savlnp4 

~ .. 
• Model used In b!Gyde Jmpact tes11111 outlined In ~on 4 

Prk:e not ~b1e. ma~rer Is only otminc seeded units at this time 
"Awllable thoit~ ATDYnama deiiler only 
1 - . 
. EPA Sma!'t\Vay Flnince Website (11} _ 
2 Fuel savtnc "~we for~ model (not vet verified by EPA SmartWavl . - - . 

Prtce as sold on Uttlitv Tra!Ws only- aftermarket prices wtU vary 
4 Fuels sivlnp fr'&n EPA Sm~rtWay modlfted TMC/SAE J1321 Type II testln& 

5.1.1.4.3 Design, Mounting and Installation 

CSTI-HVC-TR187 

Aero 
Packase 

As shown in T~le 10, the vark>~ side skirt models va,ry not only In material composition, but 
also in design and lnstallallon. Slde skirts are available In single-panel or multi-panel designs. 
SlngiEt-~nel designs, offered only In TPO or FRP, tend to be les$. complicated to Install than 
multi-panel deslgl'ls; however, muiU-panel designs can be broken down for shipping· and can be 
easily ret>laced In panel units If damaged, rather than replacing· the entlre skirt. 

Th'! side s~lrt panels are available in both rigid and flexible desigps. The more common flexible 
des~gn (13 out of 19 models) allows the trailer to easily pass .over Obstacles, such as railroad 
crossings, snow banks and high curbs, with little to no pennanent damage to the side ski~ (See 
Figure 32 and Figure 33). Some models Include a bendable rubber extrusion (Figure 8) that 
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can help to minimize and/or prevent damage to the bottom of the main panel. Although this 
flexibl~ panel may still provkle aerodynamic benefit it would likely not provide any safety related 
benefits as it would simply bend up and out of the way upon impact with a VRU. 

Most side skirts are fairly rectangular in shape. Some are designed with angled (Figure 13) or 
curved (Figure 16) ends, and a few OEMs offer end caps that are mainly for aesthetic appeal. 

Side skirts are compatible with various sized trailers, including 48-foot, 53-foot, reefer and pup 
tral~rs. and a number of OEMs can customize skirt ·size to the needs of the buyer (see Section 
5.1.1.4.4 fQr more on custom side skirts). For a standard 53-foot trailer, the average side skirt 
length is 280 Inches ( -23 feet) with an average height of 33 Inches (2. 75 feet). 

The majo~ty Qf side skirts are supported by diagonal (Figure 9 and Figure 14) or vertical (FIQure 
11) sijpports that attach to the backside· of the skirt and are mounted to the trailer cross 
men~qers. ·Various n:t~~ls have flexible diagonal ~uppolt$ thaf allow the ski_Jt to flex both 

. in•s and o~rds (Figu,re 14 and .A9ure 32 a~ Agure 33), and return the -~~ back to its 
orlglflaJ position. More than three-q~.rters of the Side skirts listed in Table· 10 ha~e a no-drill, 
cl~ ntounfing .system that affixes the s1de skirt supp(lrt to ~e J".Qeams on the .urid~rslde of the 
trall~f.. (~ure 9); the remaining models require . permanent alteration to the 'traller cross 
members. · 

Table 10 de~lls a fe~ Innovative side skirt designs that include ptvot and spring s.~pports, 
tele$90pinglsllde and flip ~els (Figure 34), and hlnged-f)anel systems (Agure 35). One final 
deslgh to n~~ Is pictured In Agure 36. This aero device, although listed In the SmattWay 
·advanceo- side skirt cafegQt'Y, Is a unique unCtercan1age belly fairing system. If differS. from a 
side skiitln that Its lcmJe bQdy shape (mounted ln.the middle of the trall~r underbodY) worts With 
the posJtive.and negative wind pressures to achieve Its. fuel efflcfency. · 

The iris~l~tl9n time for tne Side skirts listed In Table 10 ranges from 2 to 8 person•bOurs, with 
an average thne of 3.5 person-hours. 

Figure 32 -Inward and oUtward flax potential of side skirts (courtesy of Utility) 
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(Top: 3-panel full slide extension, Bottom: 2-panel vertical flip) 
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Mta-tev·•• hinge aide aklrt (courtesy of AerOffidlerit) 

(Axed tap panel, rigid and hinged lower panel, and bottom rubber extrusion) 

45 

Figure 36 -Belly fairing verified as advanced SmartWay trailer skirt (courtesy of AirFlow Deflector) 
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Model M_,..l 

L.aydon 6 or 7 Panel Trailer TPO 
Compo5ite.s Skirts 

Transtex Trailer Skirts FRP 

Utility Trailer Side Skirt 120 FRP 

Aerofficient I Aero-Slide I TPO 

Fixed Side Falrtng I TPO 

a 
""' 

CSTT-Hvc-TR187 

Table 1 o- Side skirt daslgn and Installation 

• Extrusion: Rubber 

• Main: Ri&ld 
• Extrusion: Angled, 
rtveted support braces 

• 6/7 Panels(+ end caps) • Main: Rl&ld 
• Vertlcalbraces • Extrusion: Rubber 

• 1 Panel • Main; Inward flex 
Point bradfll 

• 1 Panel • ~In: Inward and 

• Point bracins outward flex 

• 6 Panels (+ 2 lead-out 
paneb, 1 hlnce<f) 
• Point bradna 

I • 3 Panels(+ 2 ODtional: • System: Slldlrll panel 
• Top: Rlild 
• Middle: Htnce, 90° flex 

Rubber 

II• 2 Panels (+ 2 optional: I • Top: Rilld 

I 

Len&thl 
HeJsht 

~. 

29 

247/ 
30 

262/ 
32.9 

276/ 
30 

-·-. --

341/ 
36.5 

300-350/ 
36 

Method 

su 

• Trla111\.dar support 
• O.mp to 1-beam- 3 

• Vertical support 
• Clamp to 1-beam - 1 
location/ 

• Dr.&onal flex support 
• C.mp to f.beam- 2 
locations /su rt 

II • C.mo to 1-beam - 1 

• Dlqonll supports, 
attKhed to inner rail 
• Clamp to 1-beam - 2 
loatiOI"'l 
• Dlaconal supports 
• CM!mp to 1-beam 
(comJnsslon) • 1 

• Middle: Hinge. 90°flex I 25(}.300/ 11• Camp to l·beam 
• Extrusion: Rubber 36 lcomoi"'!SSionl -1 

National Research CoU.ncll Canada 
Centre for SUrfac;e Transpa:tation Technology 

Aluminum, 
II 

steel, zinc 

I N I Aluminum II 

N 
Stalnl~ steel, 

1 1 zenc 

N FRP, galvanized II 
steel 

I N I --··-···--- II 

I N I Steel II 

I N I ~umlnum, II 
stainless steel 

I N I Aluminum, II 
stainless steel 

Install 
nme 

3-4 

3-4 

6 

4 

2-4 

8 

4 

2 

o;;o 
g ~ 
c 0 3.., 
(I) c. 
~.., ,...,.ro 
c.m 
:;::· ~ 
c (I) 
!OC. 
c-o 
ro-c 
(I).., 

~ ~ 
< lll 
(I) ~ 
;::::!. ...... cs 
c. ...... 
(l)=r' 
_(I) 

~)> 
0 0 
-·0 
(fJ (I) 
c (fJ 
.., (fJ 

iiJ'o 
0-
0 ~ m·o 
lll· 3 
-:lll -·-~ - · _o 
0 ~ 

3)> 
lll 0 
_ ...... 
o·-
~ 
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Install 
Model I Material II Panel - RJsld/Rex tenBU'/ Trailer Brace/ II nme 

fiMr sldli) sllde/Uft Height . Method Drlllln& Hardware {man-hi'$) 
(lndlesl (Y/N) Material 

TPO flt-••3111'hl...-te•ls-----+.• •. •MJ-,n·:-•fnwa-•rd'•.and---l--...,;"'!'' • ~l,.fteltrod and Aber&fass. 

• Hln&ed point bradlll ~rd flex · hi• suJ!P0115 aluminum 
• Top Hlnp: 180" pivot 270/ • ~Into trailer y II 4-6 35 · frame-qe 

tol-beam.l 
I ... · rt. 

TiiQ"'I • 7/8 _,..(+and caps). • MiWn: ~ 275-338/ • ·VWtbl support - I I Stainless steel, 
• VertlciiiJraces • ExtnWon. Rubber 32.9 ~ ~p~to 1-beam 1 N zinc II 6 

.... ._~-I 
laydon Hybrid, 24ft FRP • 1 Pa1111l • Main: Inward and 2B8/ -··-._....,_,,_, _,......., • Stal I steel 

Composites • Point bm:lnt oulwlrd flex 33 =~~m -1 N n::: ' II 2 

Ridge GreenWin&. FRP • 1 hMI • Main: Inward and 
2781 

• ~III&Dnal flex support FRP, Stainless 
11
. I -~ 

Corporation RAC0003 • Point bradnt outward flex 
36 

• o.mp to 1-bam - 2 N steel, 2-4 ' <' 
location/support aluminum, zinc 

Transtex I MFS TraHer Side FRP • 1 Panel • Main: Inward flex 
2761 

• DlliiOnJI flex support FRP Iva I d 
Skirt • Polntbradnc 30 • ~lllp1Dt.beam-2 N '':.et'e II 4 

I r~~~·~LwP~P•M~---~---~-------
Utlllty Trailer 1 Side Skirt 160 FRP • 1 hnel • Main: Inward and 2S2/ • DJMonal flex support Galvanized 

0 
:;o 

• Point bndns outwanf flex 34 • a.tnp to 1-bqm -1 N steel r.:l g ~ 
---1 location/support c Q 

Wlndyne I Flex-Fairtrw I Polycarbo- ,,. 3 Panels ,. System: Slide and lift I • H~. . sUpport ~ e-
nate • Hlnled/llft system • Main: ft181d 300-438/ • DlqOnal supports N AI I s - *" . . umnum a. 

• E'xlruslon: Rubber 36 • Cll'lill)to 1-beam, :;::· ffi 
c m 
!00. 

Atlantic Great r AeroGuard- IRberpss ··1Panel • Main: Inward flex 275/ . • DIII&Ona. lftulble N/A Flbefllass n/A ~-1i 
Dane AGD400-43 30 suppOrt fg ~ 
Wabash National I DuraPiate AeroSklrt I Steel and • 3 panels • Mllin: Spr1n& flex - Vettk:al sprint <5 ~ 

Plastic • Sprinl braclnc • Extrusion: PVC flex 2JJB/ support V Galvanized 2 ;1. ;:::: 

Composite 32.5 • 'loltad to cross- steel ;_ !:!. 
m::r _m 

Strehl I Model 715 I Polyester- II• 3 Panels I • Main: Artlculatlna flu I 
2881 

· • 'lertlcal pivot pillar · ~ ?f 
• Extrusion: 'TPv 32 ·• Bolt$ to cross- V Smel 3 ;;;· g 

~~ben s~ 
Alrtlow o.flector I Deflector I Rbetllass II• 1 unit- belly flirlnt I • System: Under- mount I 1

33
68/ ·•· Bofted ~ boJie ~me y Stainless steel 2 ~ ~ 

(") :I 
(!)·-

·National Research!Councll canada (/j Q 
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~0 Q~ 
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5.1.1.4.4 Custom Side Skirt Designs 
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CSTT ·HVC-TR187 

Dry van semi-trailers represent the largest portion of heavy-duty trailer types in Canada; 
however, there are many other types on the road today, Including tanker, flatbed, and container 
chassis. Some manufacturers have developed custom aerodynamic side skirt models fQr use 
on the$e other trailer types, with similar material and weight specifications to the side SkirtS 
presented In Table 9. The fuel savings claims for these custom skirt$ ate betweE!n 3% arid SOlo, 
hOwever they do not qualify for SmartWay verification and there has been limited testing to 
sUbstantiate these claims. 

Examples of custom side skirts for tankers, flatbeds and container chassis are shown in Figure 
37, Figure 38, and Figure 39, respectively. 

National Research Council Canada 
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5.1.1.4.5 Unique Side Skirt Claims 

Side skirt OEMs often present claims about their side skirts, In addition to the princl~ fuel 
savings ben'eflt .. table 11 presentS ·a list of the various claims, off$red by .some, but not all, 
OEMs. Clalms-1 through 6 cou~ apply to m0$t stde skirt modeJs listed In Table 7, however, 
claims 7 and 8 are unique to Specific deSIQns. It ~ lmportan_t to note that claim 8, related to 
modifications to the traJier skirt panels (e.g. cu$tnlz1!1Q the shape or size to a~modate 
under body accessones), may render the slde'sklrt disqualified by the SmaJtWay program . 

. ·. 
Table 11 - Unique product clalma for aide skirts 

Madlftc:atlons Often disqualify side skirts from EPA SmartWay vertflcltlon 

Claims 1. through 3 were substantiated in a case study camecf out by NRCan's Council of 
E~rgy ~lnl~r:s. as part of a guide for purchasing aerody~mlcs for heavy-duty tractQr-s an~ 
trjlle$, ·entitled ·on the Road to a Fuei-Efflcfent TrocJt. The case study concluded lti'e 
foflbWing: 

•Most drivers find that traDers with skirts see a considerable reduction In spmy when travelling In 
wet road conditions. During the winter months, drivers noted less bu11d up of snow and ic8 
underneath tf!e trailers, as well as less snow spray. Furthennore, drivers have commented that 
when pulling a sldrt-equipped traller1 they have increased stability in windy conditions and they 
have noticed an immediate Improvement in fuel consumption. • [13] 

National Researoh Council Canada 
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It is important to note 'that, similar to the observations made in the US study: Techno/Qgies and 
AppfOiJChes to Reducing the Fuel Consumption of Medium- and Heavy-Duty Vehicles, peer
reviewed data related to tl:le measure of fuel savings and OEM ctaims for side skirts is limited. 
This raises a question about accuracy and reliability. The US study notes ttie following: 

"There Is a ten.dency among researchela to ~valuate techi1C)/ogie$ under conditions which EW 
best suit6d to that apeQIIic·technology . ... One result is that the reported performance of a specific 
~ may biJ b6tt9r than what would be achieved by the overall vehicle fleet in actual 
operation. Another ·Issue with technologies that are not fully developed is a tendency to 
undere$1/mate the problems that could emerge as the teahnology matures to c:Ommerci$1 
application. "[9} 

Additional research w~ul~ be required to further verify side skirt performance and prod~ 9laims 
as they rela~~ to In-service conditions In Canada. One Initiative curtentty In progresS Is NRCan•s 
A~rnart $1)~ay rechnology Fund program. The purpose of this $1-mlllk?fl program·is to 
provide ~r.t¥fbutlo~ - fundi~ to Canadian-owned col'(lrrre~l trucking operatorS, for the 
P4rch~s~ ana lns1allaUon of known fuel savings technologies. lncl\ldl.ng aerodynamic-devices or 
low roiling re.s~tant tires that hav& been certifled by the EPA SmartWay~PrQQram and SuPpa~ 
by . ttl~ CARB regulations. Through monthly report!ng and multiple surveys (between 
Apr111. 201'0 and.¥arch 31, 2011). this program will enable NRCan to, gath_er lnformaUo~t:~ ~the 
use of tHese t¢Mologtes ln. a Csnadtan C9nt~. from the expert~nqe· of the 12 partTC\Patlng 
truckJng operat9rs. The resultS, based on pre-established baseline data. Will be shai'ed with the 
canadian truCking Industry tnrough the AeetSmart website, to outline the positive (and 
negatJve)'aspects of these fu(!l savings technologies [7). 

5.1.1.5 Side Skirt Use in North America 

Trai!er ,side' skirts are being used by many fleets all across NortO America In order to COOJply 
wJ:ttf CA~El ~ Sma~ay regulations, as well as to a(fhleve notable fu~l savings. In ~Qa., . 
the potential fat f&.~el ~vl.ngs. and In tum. the potent!~ ted~on In greenhouse ~ ~rn~. 
from tfle use of side skirts Is relattvely significant. For InStance, a tractor and. s~aid ·v~R 
traJ~r c~is1lnQ a,~ higt:a~y -speedS .for 120 000 km per year, with an average fuet consumption 
rate of 45 l!b'e~' P,Bt 100 ~. and fuel savings of BJ>R_I'Oxl!llately 4.0% a11d 7.5% (based on QEM 
claims- hi Section 5.1 ;1:4.2), could save betW~n 2 1.59 lltr~ and 4 050 litres of fuel per year. In 
terms of greenhouse gas etill$slon reductions. this could result In a savings of between 5 788 kg 
and 10 e54 kg" of carbon dioxide equivalent (C02") per'year, per tractor. 

These §.avlngs could tr~slate ln~o significant reductJons In gre(3nhouse gas emissions on a 
national~. : A~lr,g to statistics ca~·a ann~1· Can~lan Vetllcle Survey, .there ~ere 
an estlm.ated. 232 48.~ tractors registered In canada In 2007 [13]. Assuming that t>etweeo 50°/o 
and 80% ·o( these tractors are pulling standard van trailers and .each trailer Is eqUipped with one 

·. of the-side skirt models1 listed In Table 9, a total potential fueJ ·savings of between 670 kt and 
· 2 000 kt of CO~ per year could be realized In Canada. 

National Research Council Canada 
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5.1.2 Wheel Covers 

5.1.2.1 Wheel Cover Search Sources 

Aerodynamic wheel co.vers have only recently become available in the North American heavy
duty ~ market, With th~ riSing cost of fuel and the desire for more energy efficient trucking 
techr\<)logieS~ Preliminary searches and ·.\discussions with various Industry professionals 
~v~ed that there are ho established programs or regulations related to the aerodynamic 
teSting or use of wheel covers In North America. As such, th~ review of commercially available 
wheel covers was perfonned through general web-based searches and OEM telephone 
Interviews, as outlined in 5.1.2.2. 

5.1.2.2 Wheel Cover Search Procedure 

The wheel cover search was conducted as follows: 

1. A general web-based se~rch was performed to identify aerodyna_mlc wheel cover OEMs.
key, wOrds/phf¥~ tncrtided": tractor trailer/semi-truck/heavy duty truck wheel ·covers, 
a~f'99y~.:ql¢ trllll~r-wheels, aerodyrlaJ:nlc trailer options; 

2. Mu!tfple l(aetor trailer manuf~cturers were Interviewed regarding wheel cover availability; 
3. A list 6f Cdri1marc~lly avallabl$ wheel covets was compiled; 
4. A list was ~lshed'Of wheel CQver $P9Cificatlons to be reviewed (e.g. material, cost, etc.); 
5. A~~ was ~ed of c;>EM's web$~; and. . 
6. Telept10ne lnt~iviews were conducted with OEMs to verify website data and gather detailed 

product speclflcatlons. 

The results of the wheel cover search are presented In Sections 5.1.2.3. 

5.1.2.3 Commercially Available Wheel Covers and Specifications 

The search outlined In S~n 5.1.2.2 resulted in a list of five commercially available 
ae~lc wheeJ .coye! mqdels, available through ~tee dtff~re~ OEMs (Table 1~). Further 
lnvestlg~port. reveafed ttial one model has been dt~~tlniJed due to product deflclenctes; 
however; a ne~. very similar product Is being ~evelop~cf for release In the near future. As such, 
all five· Wheel cov.er modelS will remain as pai1 of this review. 

The five wheel cover models pres~nted In Table 12 serve a common aerodynamic function, 
however, tf'\Qir SJ)eeiflcatiOrls differ .• The$e speclflcatlons are summa~ i(l ~ons 5.1.2.3.1 .. 
5.1.2.3.3, wtth a focus on the following: (1) material, weight, and oompatibDity, (~)aerodynamic 
perfotrnanee, cost, and availability, and (3) design, mounting, arid InstallatiOn. 

T~ 12- Commercially available aerodynamic MIHI co~ 
•<.:• ' :rr· • • "'";' • • \ • . '. • -. . • • • "~ ' '• • a • • •; • • •' • • 't" • ,. •.'f 

;:··.:, ;·~· • <:., .. . ,; :. 1 · ~.· :·-: ~ •• • • •••• • _' :, --· o'. ' .. -~·~·
1

•• ·;~~ ·-~~ '· i ~ ... , . , :. • ·~< <<::~~-~~- ,(;~ 
1 Deflektor Deftektor 101 TruckTarp <2 

2 Real Wheels. Aer6 Stainless Stainless Steel 6 

National Research Council Canada 
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f1'1':E:'~,-~,.,~,,~.,ri::~T:;J T!:~~·~; '. ~~l~iJ11\;~:.:~1L~~!~g:x,~:m~ 
-

Aero-Alunilnum Aluminum 3 e Aluminum oi Steel 
Aero Clear Polycarbonate, 4.5 • Wide-based tires 

aluminum • Air valve kit 
available 

3 AlDynamlcs WheeiShleld • u Aluminum <5 • 2i.S"/24.5" 
• Aluminum or steel 
• Wide-based tires 

•••olscontlnued product 

5.1.2.3.1 Material; Weight snd Compatibility 

Aerodynamic wheel covers are available In four mater1als: truck ~rp (Figure 6 and Figure 40), 
stainlesS steel, aluminum, and a clear polycarbonatEiJalumln!Jm CQmllination (Rgure 41). The 
wheel cover$. weigh lletween 2 lb and 6 lb each, With the truCk tarp being the Rghtest and the 
stainleSs ateet belrig the heavtest. 

All wheel cover models are compatible with 22.5• aluminum or steel wheels, as well as widtt
base9; however, only the metal· a~ polycarbonate models can be cu$10mlzed tci fit the larger 
24.s- wheels. Both 22.s- and 24.5• wheelalzes are used in the canadian tNck:ing Industry. 

' 

Figure 40 - Eluimple of ta..P and zipper wheel cover (courtesy of Deflektor) 
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~-
Figure 41 • Exam~le 0t metal and polycarbonate wheel covera (courtesy of Real Wheels) 

5.1.2.3.2 Aettxlynamlc PIRformance and Cost 

All five wheel covers .offer a .similar predicted fuel savings of 0.25% per wheel. If ln~led on 
both the tr~ptor and the·traller, a total fuel saVJngs of up to 2.0% can be achieved. As noted In 
5.1.2; 1, there are no established guidelines for testing Wheel covers; however, two of the three 
0~ ~v13 carrl~ out th81MCfSAE J1321 Type II Fuel ~nsumption T~t as part of their 
produc,t dE(veloJ)meht and t~og procedures. The challenge ~ usln~ ~e TMC/SAE test for 

. wh~. ~~~rs· ls that ~e ,e~rtrrtental error (-1%) Is approximately equal to the potential fuel 
savlligsi \tJerefore, It I$ diffiCult to deterrnln~ an accurate result. · Aeld an~ wind tunnel tests 
have also' been conducteq by the OEMs to obtain additional fuel savings values. 

Th~ ,av~rage cost Qf wheel ~v~rs Is approximately $100 per cover. Tt)~re app~rs to be 
noJab~e rel~ti~nshlp ~(w~n P!"Od~JCt cost and material quality, with the ~ · tarp at .~e 
minimum cost· of $50 per cov~r. and the s~lnless steel at_ $13.G per cover. The w~tles 
offe(ed by .~ch ~ Hie. ttiree OEMS. are qu~e .different - the truCk tarP. model ha$ a on~_-year 
limlt$d wa~n_tyi met~ypo~ca~n~t.~ covets ~d by Real Wh:eels have a 10-year warranty on 
the ~r~re {t)ased on 100:000 miles travelled per year), as w~ll as a lifetime warranty on the 
stainless steel linlsh; and the ~lscontlnued model had a three-year warranty. 

cThe average state.d RO! of the wheel covers Is between four and slx montJl~. These values are· 
not exp1!clt1Y presente.d In ~ular form as each OEM has chosen to use dlfferertt parameter$ In 
their ~lculi\t~on. (e.g. average number of kilometers traveled, cost of fuel, drlvlng/drtver 
condition$, ·e(¢.), and therefore-the claimed AOI values cannot be compareq qlrectly. In order to 
obta,ln accurale ROI values, tractor trailer owners must use their own phrameters In the 
calculation. 

National Research Council Canada 
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Table 13-Wheel cover aerodynamic performance and cost 

Aero Aluminum 
0.25 

Aero Clear 

miles on 
hardWare 

-lifetime on 
1-------tl--__.__..j.j~~!..._~~--~ stalllless 

Air valve kit finish 

0.25 3-year 
(22.5"'} 

5.1.2.3.3 DeslgtJ, Mounting and Installation 

W~l cover systems c()nsist of two main elements -the .front cover (cqi'lstructed from the 
vartaus. materials disCusSed In Section 5.1.2.3.1) and a mounting SYstem. 

The mounting s~s for the models In Table 13 vary significantly . . The tarp CQver use~ a 
zipper and tab metllQd (Flgure 40 and Rgure 43), where a zlppei'ed tarp rinp I~ IJ1serted lnto:~tne 
~eel ~ub u~lng buil~:ln tabs_~ and the flexible tarp covef is then zippere<;t OrJt<? ~e. ·11ng. ,o. cr~a~e 
a taut surf~ce. · 111 contrast. the other three models use a bracket and bolt metliod (Ftg~re 43), 
wflere a ~taihJ~·-~te~ bra~et ls bolted to the wheel hub, and the rigid cover Is affixed to .the 
bracket The InstallatiOn tl":ie Is between one and 10 minutes per cover. . . 

Q.E~.s Qf!N -~f!lq~ cia{~ abovt each of their models. The truc;k t~F'J} modets zip~ des!gn 
a!!ow:ff~f e.a$Y ~~as fo,the. Wheel for Inspection, and1ts moun~ng method Is fas~ ~lmpfe-! and
~ not t~vlre speelaJ tools. The metal modeJs have ventlla~on ports under. the rtm to 
eliml~~te mol~n(a~ oorro~lon, and an optional air valve exten'slcfn can be Installed to ~llow 
for. tire. ~IJ-P..re.st?l,.lr& cf:t~ and refill. Also, the alumlnum/poly~rbOnate. mOdel is clear for ytsual 
l~on Qf:tfl;·~a oU eap, axle hub, lug nuts and air ~~Yes. Finally, aU models can be 
customized Wlt;h company branding for aesthetic appeal (Figure 6 and Agure 42). 
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Teble 14-Wheel cover design. mounting and lnstal"-tlon 

::r~:~-·~·:·:::~·~ ~~-.:::~ ~ ::·_ .~·:·~~ ,- ...,;-.::! ~~-:~_ .. ·:·.~r::\:·~:·;·:~--:<>?·-··: ·--~~;" ~::~-----::·~~~-:- _··:·::·.'~:~:~~:,-~ ··_-,~-~~5-~~.~~ :\~--~ 

...... • •'l • '• ,.._, ~.. •• • I • •1..- o; • • J, • ~t __ _..;_.;,_ -~· I ~·•• • ••••'"I"" :1 ·~ • ' 

1 eellikto+ 

2 Real Wfteels 

3 All)ynain!Cs 

Oeflektor 101 . ~ l"arp cover with IIpper 
• Tarp ring with zipper 

Aero Stalnle$s • Stainless cover with bott holes 
• 1 mountlns bracket 
• Ventilation ports on outer edg_e 

Aero Aluminum • Aluminum cc:Wer with bolt holes 
• 1 ;nountlns bracket 
• Ventllatloil pof1:S on outer ~ge 

AeroOear • Polycarbon·~ cover/aluminum 
frame with 'bOlt holes 

• 1 mountlns bracket 
• Ventilation ports on outer edse 

Wheitshleld · j Aluminum coVer with bo«: holes 
••• • 1 mountlns bracket 

• No llardware · 1mll'!/ 
• Tarp ring secures on rim cover 
• Front cover zippers to 
tarp ring 

• Stainless steel, zinc 
plated hardware 

10 mfn/ 
cover 

• Har~retype'unknawn .. 30 riM/ 
tOtal set 

•••clscontlnu~ pnxtuct 

Fig'ure 42 - EXampleS Of Wheel covet ventllattoft porta and 

(Real Wheels) 
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Flg'lre 43- Examples of wheel ~er mounting 

(Left to right Deflektor, Real Wheels, ATDynamlcs) 

5.1.2.4 Wheel Cover Use In North America 

The availabU~ . of .wh~l oov~ is ratl)er limited. While the truck tarp m<><:Jel Is avaii~Je for 
purchase; onOne by the general public, fhe other three mOdels (steel, aluminum and 
potyCf,trnonate/atumln~m) Ca.n onlY! ~ purchased through specific -dealers . or carriers'. . The 
diSC9ritfr;lue~ ·model, ~9(,1,:11~ for te-r~lea$e, Is the only wheel rov~r offered· as pai't of an aero 
J)ackage, With side skirts; tan·tatrthgs, and front falrfngs (pictured In Rgure 3). 

Whee,l cove~ arE!~ ·being us.ed on select fleets within North America. In early 201 o, Schneip~r 
National annciunc~ the lh$taUatlon of the truck tarp model on their entire 12 000 tractor fleet 
(Figure 6). The.-ottu1( thr.Se mOdels have been installed on numerous tests fle$ts, Including a 
few In Canada. There 'wefe no Canadian wheel cover OEMs Identified In this review. 

Table 15-Wheel Cover AvallabUity 

Dealers and carriers 
only 

Discontinued 
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5.2 Survey 

NRC-CSTI received feOO.back from 10 different Canadian trailer manufacturers. Most of the 
questions were fully answered. The results of the survey were as follows: 

5.2.1 Questions 1 and 2 were non•technlcali 

s.2.2 Question 3: What type of products do you produce? 

The manufacturers claimed to currently pf oduce tankers, flat beds, f!at d~s. lowbeds, semi
dumps,. chip B train, van, side dump, end durnp, forestry, bulk and off-road. It Is clear that the 
respondents tiad a wide 8r1:aY of product lines, hoWever, only one respondent Indicated 'van' 
trailer, which is the most ccinimon type of trailer fitted with aerodynamic devices. 

5.2.3 QUf1Btlon 4: How many units did you manufacture In 20101 

The responses varied ~ 30 to 1 500 units. 

5.2.4 Question 5: Do you offer disc brakes on your trailers? 

1 000/o of the respondents Indicated that they did offer disc brakes on at least one of their trailer 
models. 

5.2.5 Question 6: Do you also offer drums on your trailers? 

1 00% of the respondents Indicated that they did offer drum brakes on at least one of their trailer 
models. · 

5.2.6 Question 8: Hav11 you ever delivered a trailer with dl$c: brilkes1 

100% of the resPQndents ~~~ted thf!t not ~mly did they offer disc brakes on their trailers, but 
they had delivered ·at least omft.raller With disc brakes. 

5.2.7 Ql!es~IO{t ,FJ.:A( yell to QB, what percentage of trailers left the factory In 
2010 wltlfdlsd brakes? 

The responses varied from less than 1% to over 25% of trailers in 201 0 that left the factory with 
disc brakes. · 
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5.2.8 Question 10: Why did the customers choose disc brakes over drum 
brakes? 

The respondents indicated that better braking perfonnance and ease of maintenance were the 
primary · reasons for customers choosing disc brakes over drums. 

5.2.9 Question 11: If no to QB, why? 

There were no answers to this question since every manufacturer had at least one disc brake 
customer. 

5.2.10 Question 12: Do you offer aerodynamic packages on your trailers? 

Only 30% of the respondents said they did offer at least one model of trailer with aerodynamic 
devices. 

s.2.11 Question 13: H yes to 012, what type of devices are offered? 

The three mamm.cturers who answered 'yes' to quesUon 12 Indicated that cones and enclosed 
sides were offered on their trailers. 

5.2.12 Question 14: If no to Q12, why not? 

70% of the respondents indicated they did not offer any aerodynamic pa~ges at all. The 
rationale Included: hard tO fit on tankers, no Interest from Industry and not appliqable to their 
product line. 

5.2.13 au,II.U01115: Have you ever delivered a trailer with an aerodynamic 
package? 

C)flty 30% of the respondents said they had delivered at least one trailer with aerodynamic 
devices. 

5.2.14 Qu,stlon 16: .« y~ to Q15, how many trailers left the plaht with at 
least one aerotlyriamlc device? 

One responctent indicated that no trailers left the facility In 2010 with aerodynamic devices 
whereas a second respondent indicated 25% did so. 
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5.2.15 Question 17: ff no to 015, why not? 

The majority of respondents indicated that there was no demand from their customers tO install 
aerodynamic pacf<ages on their trailers. One manufacturer responded that aerodynamic 
packages are 'too costly, tOo heavy and too complicated•. 

5.2.16 Que$t.lt;m 18: Do you educate your customers on the benefits of 
aerody'namlc packa.ges? 

Nine manufacturers out of 10 do not educate their customers on the benefits of aerodynamic 
packages. 

s.2.11 Question 19: Why do customers not wantaerQdynamlcpackaget? 

There were many answet:s to this question. The principal reasons why the manufacturers don't 
provide aerodynamic packages were: 

• Cost; 
• Unaware of benefits; 
• Creates logistics and movement Issues around the yard; and 
• Lack of product offering; 

5.3 Impact Te$tlng 

The results of ttle Impact tests were as follows: 

5.3.1 Test 11: Skirt #1st a Support 

Thf3 bicycle struck the ~Ide skl.rt at the expected location dlr~ctty a.t. a support (Agur~ 4~)i the 
side skirt was pushed backWards (Agure 47) and the weight ~s ejected and the bicycle 
reb.o!Jnd~d backwards IntO the. test fiXture. The force of the lmP,act droye many of th_e diagonal 
braces ~nnanently ·bac,~ard~~ ~tong the frame ralls, forclng_.the skirt to p~ng~ ·upwards ar'ld 
remain P.SrmanentJy pushed hi Figure 44. Additionally, tbe aluminum paoel sustaJned significant 
permanent crushing damage that. would be difficult to rePair a!Jd would likely aff~ the 
performance of the side sldrt Four of the six diagonal braces moved {F~gure 45) due to the 
Impact, as follows, with brace #1 being closest to the ftont of the trailer': 

Brace #1: Moved by 24 em (9.5 In); 
Brace #2: Moved by 28 em (11.0 In); 
Brace #3: Moved by 24 em (9.5 In); 
Brace #4: MoVed by 9 em (3.5 In); 
Brace #5: Old not move; and 
Brace #6: Did not move; 
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5.3.2 Test #2: Sldrt #1 between Supports 

The bicycle struck the side skirt at the expected location directly betWeen two supports; . Ule 
weight was ejeCted and 1he bicycle rebounded backwards Into the test fiXture. The force of. the 
impact drove many of the diagonal braces permanently backwards along the frame rallS thus 
a1J9Wing the skirt to· hinge upwards and remain permanently. pushed ln. Addition~lfy, the 
aluminum panel sustained significant permanent crushing damage that would be dlfflcutt to 
repair. The moment of Impact and the moment of great~t deflection are shown In Figure 48 
and Ftgure 49. Three of tJ:1e six diagonal braces moved due to the impact, as follows, with brace 
#1 being closest to the front of the trailer: 

Brace #1: Did not move; 
Brace #2: Moved by 1.5 em (0.6 in); 
Brace #3: Did nOt move; 
Brace #4: MQ\'89. by 18 em (7 In); 
Brace #5: Moved by 1.5 em (0.6 in); and 
Brace #6: Did nat move; 
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5.3.3 Test #3: Skirt #2 at a Support 

The bicycle struck the side skirt at the expected location directly at a support; the weight ejected 
and the biCyCle rebOunded backwards Into the test ·fixture. The side skirt absorbed all of the 
iinpact energy, de~ by 17 ern and then rebounded to Its ortgJnal position and attitude. Post 
test i~ reV~ n0 visible damage on the outside of the skirt {F.gure 53) and a slight 
kink In the vertical support member as a result of being bent upwards, as show in Agure 52. 
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5.3.4 Test #4: Skirt #2 between Supports 

The kinked vertical support was replaced with a new member. 

The trailer was m.oved ahead by approximately 2.1 m (7 ft) In order to line up the impact ramp 
between two panel supports. 

The bicycle struck the sld~ skirt at the expected location between two !iupports; the weight 
ejected and the bicYcle repounded ba~ards Into the test fiXtUre. The side ·skirt absorbeQ all 
Qf the irripact energy; deflected elastically by 26 em and. then rebounded to Its original position 
and attitude. 

Uke test #3, post test examination did not reveal any damage to the skirt on the outside, or on 
the lrlslde. 
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s.J.s Test #5: Sldrt #3, at a support 

T11e bicycle 'strlJ.Ck the sid~ ·sk}rt. at the ~xpected locatior:t directly at a support, the weight ej~ed 
aJ1Q the biCyCI~ ~bOt:Jh~ ~Qkwards Into the test flxttJre. The side skirt absorbed au of the 
impact ~nefi:jy; ~eflec;tec(By.~ em aJ1d then rebounded tQ.tts original position and attitude. POSt 
test In~ rev~· no .VtSlbl~ ~ge on the outside· gf tf!e skirt (Agure 58), however, one 
of the ~rUt.$~ ·aupPc)rf"rOds compre~ beyond I~ el~stlC rigldn and retumed to its rest 
pc:)sition sliced in two, as shown in Figure 59. 
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5.3.6 Test #6: Skirt #3, between supports 

The bicycle struck the side skirt at the expected location directly between the two rear most 
SUPPQrts; AlthOugh the te.st appeared to be as expected, revtewfng the high speed video 
camera feed allowed the teSt team to determine that the handle bars of the bicycle may have 
cOntacted the protective plywood, thus reducing the Impact s~ and force. The maximum 
transient displacement was determined to be 23 em. The test te~ no~ the condition of the 
Skirt and took photos but agreed· a re-test In that same location was warranted. 
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5.3.7 Test 117: Skirt #3, between supports 

Test #7 w~s a repeat of test #6. The bicycle struck the side skirt at the expected location 
directly between two supports; the ballast weight was ejected and the bicycle rebounded 
baQkwards and became l~ged into the test fixture. The side skirt absorbed all of the Impact 
energy,: deflected by 37 em and then rebounded to Its original position and attitude. Post test 
inspectic;m revealed no visible damage on the outside of the skirt, however, the rear most 
fiberglasS support· rod compressed beyond its elaStic region and returned to its rest pOsition 
sliced hi two, as shown In Figure 66. 
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Rgure 66- Backside Of skirt 13 showing damaged support rOd 
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5.3.8 Test #8: Skirt #1, Rear Panel, Between Supports 

Test~ was setup between the two rear-most supports on the aluminum side skirt, test article 
#1. Since most of the ~nels used for tests #1 and #2 were destroyed, new panels wet'$ 
installed for tests #8 and #9. The bicycle struck the side skirt (Figure 67) at the expected 
location directly between two supports; the ballast weight was ejected and the bicycle 
rebounded backwa!ds (Figure 68) and became lodged into the test fixture. The two rear~IT10$t 
diagOnal brace$ slid along the cross members until striking the bogie slider rail (Figure 72), 
prevenPng th~am from further motion. The aluminum panel wa~ permanently bent Inwards at the 
point oflmpact. The maximum displacement ot the side skirt Was 13 em. 
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5.3.9. Test #9; Skirt #1, Re~~r Panel, Between Supports 

Although not _lnltlally outlined In the test plan, time remainec;t to ctttempt ol')e more Impact test 
therefg(e ~ re~fof .. test ·a wa$ perfQnned to confinn. repe8tabllltY of the t9~~9~ : A··ne)Y rear 
section of ~~~e. s!<:lt.t wa.,s Installed. on the test trailer. Te~. #9 was ~.fuP be~een. ~ two rear
most suppo~ 011.. tb$ _~urn. Inurn side skirt (as per test !($), test artfcJa 1t1. The biCycle Struck-the. 
side ~kli\ (Fig'ure 69) at.itle EJxpecled location directly be~eeo twQ' supports; tf)e bajlast weight 
was eject~ ~net the b~Je r~nded backwards (Agur~-70) and tiecame 19<:Jg~ lnto·tfie test 
fiXture. The two rear .. mostd~Q9nal braces slid al~f~ ~e cr~ members u~ll s~~ng the bogle, 
slider ran (Figure 72), p_revenUng them from further motion. The alurplnum panel was 
pennanenUy bent.lnwaitls at th~ point of impact The maximum displacement of .the side skirt 
was 13om. 
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T9 showing bending of front forks, skirt t1 
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Figure 71 -Side akh111, ihowtnv ·permanent damage lftei' 
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The resufts of impact tests #1 through #9 have been summarized in Table 16: 

Table 16 -Impact Testing Results 
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5.4 Effect of Side Skirts and Wheel Covers on Brake Cooling 

Drum Brakes 

The total heat transfer from the brake drums to the surrounding air was calculated for Cases 1 
through 3 and Is shown In Table 17. The values have been normalized again~~ the heat transfer 
from the forward drum of the baseline trailer case, Case 1, to demonstrate the relative Impact of 
the side skirts and wlieel covers. As previously discussed, the absolute value of the heat 
transfer Is not reported for the purpose of this comparative study. In this table, larger negatiVe 
numbers ~epresent lower levels of heat transfer (or decreased cooling) from ~ drum suifa~ 
relative to the heat transferred from the forward drum. The last column In this table·presents the 
peroent change In neat tran§fer at the rearward drum, relative to the rearward drum heat 
transfer from the baseline trailer case, Case 1. 

Table 17- Relative effects on drum braa CQC>IIng (zero Y!IW') 

Heat Transfer delb from 
l!loaselh'le i"J 

case DUa'IDUon FOrWaril . ReaiWit"d Rearrird "Chinle 
1 ODin btillel on .... ,...._ easeune .:j -
2. " onm tn~~~et ·on 

.. ,. , - .. liciii II<* end wheel COYetl -20 -31 -25 ' .. 
3 Dnm'lnkel on_.;,;..,;. .. - ·,.Wft681 ~ onllf(nc) a Ideal<*) -8 -2$ -20 

As s~n In the table, the ~ of cooling Is reduced by 20% and 25% at the front '!nd rear 
drums, respectively, with the add!t!Qn of both side skirts and wh~l covers. Wheel coven~. ~lone 
(without side skirts) result In 8% and 20% reduced cooling at th~ front and rear drums, 
res~tlvely. The res4lts lrJ9.!Cate that. for this vehicle system •. ~Ung Qf the forward and 
rearwai'Q brake drvms Is affected by botfi the side skirts and wheel covers, with the wheel 
covers having a greater Impact on cooling of the rearWard drums compared to the forward 
drums. 

The cooling . effects can be vlsuaJized through examination of the flow field. It Is ctear from 
Agure 73, whlctl shows contours of speed1 on a horizontal plane tt)rough center of the trailer 
wheE)Js, that ther~ Is less airflow carried to the trailer wheel stations (lild~ted bY an arrow In the 
figure) due to ttie presence of the $Ide skirts, which serve to redireCt · and streamline the 
undercarriage flow In order to reduce aer~mlc drag. 

1 In this figure, the colour scale Indicates the magnitude of the velocity (speed). Blue zones 
represent lower speeds while red zones represent higher speeds. 
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The addition of the wheel covers also reduces the airflow to the drum surfaces, as evidenced by 
Ftgure 74, which shows velocity vectors on a horizontal plah~ through the centerline of the 
~nger side trailer wheels for cases 1 and 3. In the baseline configuratiOn, there is 
Signlflcantfy more airflow pulled through the openings In the wheel hubs and around·the drum 
surfaces ~ropa.red to tfie ~I with covers. The brake drums In this f~gure are coloured by 
contours of the lleat fh,1x from the drum surfaces to the surrounding air. Red zones indicate 
higher COQUng arid btu$ zone·s represent lower cooling. In this lm.age, the differences in heat 
transfer betWeeh the ba$ellne and wheel cover configurations are visualized by comparing the 
relative sizes of the non-blue zones on the drum surfaces. 
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Rgure 74- Air flow on h~ plane through center of~ vwhtef-. Case1 (top) and Case 3 
(bottOm). Bniklt drums COloured by wall ~~flux. 

Di$C Brakes 

The f1?;N .fla!d In~ ~round tf'IE! .d!Sc·brake syste~ Is highly 9()rn_P,I~x ~~ f!lree-dimens!On~l ~ as 
shown In f'lgure ~& ~ FlQO~ 76. The con't(actlve cooling _ effeotlv~ess _Qf ventilated b~e 
discS hf l;>ased larpety on ~~lr ability to pump· high volumes ot~rJtom ~ 1ri.n~r ~IUs, th~ough 
the vaned passages (where tHere Is a significant surface area for: heat transfe.r) to th$ outer 
radius of the disc. 
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Flgure 76- Velocity vectors on horizontal plane through rear trailer wheel station, Case 4 (top) 
and case 5 (bottom). 
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The total heat transfer from the brake discs to the surrounding air was catculat~ for Cases 4 
through 7 and Is shOwn in Table 18. The Values have been nonnaUzed ag~lnst the heat transfer 
from the forwai'd disc of the baseline trailer case, Case 4, to demonstrate the relative impact of 
the side $klrts and wheel covers. The last column in this table Presents the percent change in 
heat transfer at the rearward disc, relative to the rearward disc heat transfer from the basenne 
trailer case, Case 4. 

Table 18- Relative effects on disc brake coonng (zero yaw) 

HeatTrinsferditlta froin 
BaHIIne.("l 

Case Desa1ptlon ForWard Rei !Ward Rearward" Olanp 
4 Disk lnke8 citl baaalne ti'allltr Baseltne -17 -
5 Disk~ on ·fnlllef Wltl•lae aklrla:and wheel CO'Oterl ·U ·XI -u 
& · Dill( brlk8l on 1i"'ler, wtttt.Whee* caJeri ~Jno aide aldrta) ·2 -18 -1 
'7. . Drilcbrii!Jei on hili witf1jicii aldrU orily (no wheel COYart) -u -24 -8 

As shown In the table, the level of cooling Is reduced by 12% on both the forward and rearward 
disc;:s througtl the add~ of both side skirts and wheel covers. UnHke the drum brake 
configu~tioh, the Pf9sence of the Wheel covers has m~ less effect on the.eoollng of the discs 
(1.;2% red~ cooling w!tfl wheel covers only- Case 6) compared to the p~e~ of the· side 
skirts. This. 19 ooserved because the openings In the wheel rim$ are relativelY small compared to 
the large mass Of air that is pumped through the vaned passages of the . ventilated disCs. ·In 
other words, the openings in the wheel hubs do not provide slgntflca"nt amoufrts of Cooling air, 
so. the. pres~nce of Wh~l covers has little ef{ect on the overali <»oflng of the diScs. It Is also of 
note that the· presence of the aerodynamic dritg reducing devices lmpaets»,l.~ co9Ung of the.dlsc 
brakes nearly equally at the forward and rearward wheel stations.. The resutts of the computer 
simulatiOns show. trends that lndfcate that brake cooling could be reduced at highWay ~ads, 
howeve,r, 'on-road teSting using vehicles with Instrumented brakes Would be required to quantify 
brake temperatures with, and without, the aerodynamic devices. 

The effect of cross winds (Yaw) on disc brake cooling was also considered. Rgure n shows th~ 
deflnltlQflii of ~ltlve and negative yaw used In this report.' Slm4latl<?ns were first conducted on 
tt)e ba.$e ll\8. ~rer configuration (without side skirts or wheel covers), the results of Which are 
s~ In T~e 19. Note that all reported values In this taJ>Ie are of the convective heat transfer 
from the .. discs.at th~ ~nger side wheel sta~ns. Fu~.e~ •. the values have been norrnai!Zed 
reta~ to the heat transfer frotn the forward dlses}rom the ba$ellne, non-yaw condition, case 
4. ·Finally, th~ last column In this table presentS· itu~ · percent change in heat transfer at the 
rea!'WBfd disc, relative to the rearward disc heat transfer from the baseline, non-yaw condition, 
case4. 
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All reported convective 
heat transfer values are 
those at the passenger 
side wheel stations 

CD 
/ " POSitive Yaw 

CasesB-10 
Negative Yaw 
cases 11·13 

Figura 77 - Definitions of positive and negative yaw (cross wind) 

Table 19 - Effect of 1 o-ctegree yaw _(cross wind) on baSeline configuration 

Heat Tra!l$fer delta from 
aasenne 1"1 

Descrtptlon forward Re~rwitd Rearward " O.anp 
o~s~cbrakae c1n ~ nw aasaune .. -17 -
Dlllfi: ~-·CJtl bes6llne trd8l' With poe liM YrNtlide wind sa 17 41 
Dlltl(briiiOIIll.on'bUeltle~ftlef 'With ' .•. I yR llcfe wind 24 31 sa 

As seen in tl)e tab,le, a 1 0-degr~ cross wind significantly lncrea~s the conv!=tctlve heat transfer 
(i.e., lmprov,es ®QJI.ng) ifr«n' the forward and rearward passenger side bl1}k~s. A pos.ltlve yaw 
sld~ wind (~ 9J co~spond!i to a ~er relative Increase ln. _heat transf~r fr9n'l ttte to·rw;ud 
disc brakeS'.compQted_'to the rearward disc brakes; and the oppoSite trend. Is seen In the case of 
a negative YaW side wind. 

Al~ of note. Is that the level of cooling provided by the foJWard disc Is significantly greater than 
that of the rearward dlscJor the· positive yaw wind case. The reason -for this dlffe~n'ce can be 
see_n by examining the mooharilsm through Which heat Is transferred from the var10us regions of 
the brak~ disc. Convective .cooling from ventilated brake discs occurs primarily thn5ugh heat 
tra.nsJer betWeen the Inner and outer friction surfaces and _ the Interior vaned passages. As 
showh In TE!ble 20, there Is a slgnfficantJy larger portion ot cooling provided by the vaned 
passages (I.e., by a large mass flow of air pumped through ~e lnf~riot of the disc) for Case ~. 
Rgure. 78 ~how~ veloCity veCtors through a plane cutting through the center of the forw_ard and 
r~rwar'd discs for Case 8. As can be seen by the low angle of attack an the leading edge of the 
disc vanes; the disc Is· operating at a very lllgh efficiency point, resulting In very good heat 
transfer eompared to the rear disc, where a significant angle of Incidence can be seen at the 
leading edges of the vanes, resulting In a separated flow that creates low velocity recirculation 

2 The reJ~tfve contributions to convective cooling for the dlsq brakes examined in this study is 
als~n::onslsteot with the findings of (21) for automotiVe disc brakes. 
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zones and therefore poorer heat transfer. Figure 79 shows the higher heat flux at the surfaces 
of the vaned passages In the fo!Ward versus reaJWard discs. 

Table 20 -Cooling mechanism from front and rear brake discs, Cases 8 and 11 (1 0 degree yaw) 

·-- --- ........ ·---·· 
HT from front dlslt I" of total) HJ ~ rear dllk £"of total) 
OUter Inner OUter Inner 
friction frldlon Vaned friction friction Vaned 

case Desafptfon SUihce surflce ~ WffKe surface Pa5SIIeS 
a Disk bnll!aS on baseliria 1rallir, Wllh I)OGifyQ Yf!IM side wh:t "' - - l3K 2ft 59K 
11 DISk tlnik8!l an baselne lr.iN" wilt!'~ Yff#l. side wns JAIIC - - 13IC 21" 59K 

Figure 78- Velocity vectora In vaned pa ... g-. of forward (left) and rearward (right) disc brake, casea · 
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Figure 79 -Wall heat flux (normalized) In vaned passages of forward (left) and rearward (right) 
· disc brake, Case 8 · 

The effect of Wind yaw on the cooling Of disc brakes on trailers equipped with wh~l covers, and 
with ~th · wheel covers and side skirts, was aJSQ examined. ~.rpsult$ are presented in Table 
21. The values In this table havs been normalized relative to the ... heat'transfer from the for\vard 
discs f~ the basefine no~~yaw condition, case 4. The laSt colu.rnn In thiS tabl~ pre$Snts the 
heat ~nSfer at the rearward disc for the vartous cases, refattve to the rearward disc heat 
transfer tro·m the baseU~e. non-yaw condition, case 4. 

Table 21 - Effect of 1 G-degree yaw (cross wind) on ~;»ra~ cooling 

AS with the non-yaw (no cross wind) cases, wheel covers have less Impact on disc brake 
cooling compared to side skirts. A comparison of Cases 8 and 1 o, for positive yaw side wind, 
shows that the improvement in brake cooling compared to the non-yaw case Is nearly the same 
at the forward wheel station, 58% for the baseUne, positive yaw c8$e versus 5-ro,{, for the Wheel 
covers only, positive yaw case. The trend is continued at the rear wheel station, however, due to 
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the complex nature of the positive yaw airflow around the vehicle, there is a larger effect on 
cooling (41% Improvement in cooling for the baseline, positive yaw case versus 30% for the 
wheel covers only, positive yaw case). 

When the yaw wind direction l.s negative (refer to Figure 77), the effect of the wheel covers is 
again small compared to the effect of side skirts. At the forward wheel station, the presence of 
r.'heel covers r~uces the total Increase In cooling effectiveness t9 21% from 24% at the 
·baseline condition (Cases .~ ~-and 11, as measured against the nonnalized z~ro yaw cas.e, Case 
4). ~t the rear wheel statipn, wheel covers reduce the total Increase in cooling effeCtiveness 
from 58% to 53%, at the baseline condition. 

The addition of side skirts has the effect of reducing brake cooll_ng efficiency by approx 10%-
11% over the non yaw bas~llne configuration (Case 5 versus Case. 4). It Is Important however to 
rern$m~r that tt Is rare for a t,llghway tractor-trailer to contlnUQil$1y operate in a condition of 
zero y~w (I.e.:' flO crosswt~) •. ey comparing (!ases 9 and 12 to case 4, tt is observed that when 
the· pres~nce of a 10· qegree yaw c6mponent Is added, there ls·b6.net negative effect·of side 

. skirts and wtie~l covers ·on brake cooling, with Improvements ·over the ~ellne cOoling at zero 
yaw. ranglngJ>etw~en 0% and 39%. F'Jgure 80 and Figure 81 soow·oomparJSonS of Hie flow field 
for Cas~s 4, '9, and 12. 

Figure 80- Veloctty contours on hortzontal plane through center of trailer wheels, Case 12 (top) 
and caae 9 (bOttom) 
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Figure 81 ~Velocity ~t~r. and ~o.rs on hortzonta~ne ~~gh _~nter of ~!er wheelt; 
CU. 4 ·(t«Jp), ease 9 (bottom lett) and 12 {~om right) . 

It Is Important to note tnat :tf)~ observations from this a~lysls are applicable O[liY to. the vehicle 
conflg.MtatlOJ1 conSidered He~, and that var1atJons' in side sldrt, ~eel '?Over aQ<:t bral<e system 
g~tiy qouk1 produce a range of performance results. The cpnveotJve c6ollng pf the brake 
systems· will also vary as a function of vehicle speed, and this effeCt has' not been ·consldered 
here. 
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6.1 Survey 

From the survey results, It was clear that many customers are now demanding disc brakes on 
their tr"Jilei's. The rationale behind this new trend was primaiily ·ba$ed the cUstomer"$' feellngs 
that diSC · brakes provide ease of maintenance and improved braking perfonnanee ·When 
compared to drum brakes. 

With respect to aerodynamic devices, the results of the survey may have been skewed towards 
smaller and purpose built trall~r ~ufacturers that do not tend to produce van semi trailers as 
their main product. Van ~ami-trailers are by far the most suitable candld~tri for aer~lc 
devl~ the'refore the manUfacturers who replied to this survey may be pr~ycJng trallenJ that 
are, by deSign;' dlfflcult to fit with aerodynamic devices. However, a culture appears to. exi~ In 
tlie Industry, tnat fnW\IJfac;t.urers prqctuce trailers ba~ on demand l>Y th_e custOfl'j~r. rather than 
provl(llng the !Stesf je!'Qd}tnamlc featores on the trailer and ~uca~ the cu.stomers about the 
benf!!lits . af'l<i (&tu·rns qn IOv_estment of the devices. Que~n· '19 pro~ed some c.urlou~ 
lnf011Jlatlon.: manv. r8$QOI'!~ Indicated ttiere was a lack of p-roduct of(erfng, yet the ljterature 
review coilduct~Rf~s: P5lrf0f ·ttlls project provld~ great InSight Into the myriad of dEwtces that are 
now available In· the tn.aUStry In Canada and the USA. 

In order to truly unde~ the use, or non-use, of side skirts, It would be, necessary t~ contact 
manufactUre~ whoS& · prt~pal produd is van semi-trailers and to und~rstand if they educate 
their customers or simply follOw requests from customers who do their oWn re·search. 

6.2 Force and Pressure Measurement 

It was of Interest to ~termlne the strike force of the bicycle ag~t the ~klrt and the pr~sure 
applied 1Q the .skirt. The ·natu~ of the impacts and the elastictty-of the ~rtS ~~ud~ ~e ~e 
of conventiOnal force load:.eells.1herefore NRc-cSTT elected tQ U$e pre~I!Jre' paper (Figure 82) 
which not.opl}t served as a witness plate for 'ttte exact point of impact ~ut .aiSQ. al19Wed fot a 
rough estlmate.of the pressure that was applied betWeen the skirt and the t;ifcycle front tlfe upon 
Impact. 

Addltlo~lly, the. high speed car(lera was useQ to determine the ~~.~e~tlon of the loadec:t 
blcycte. Sl.nce the mass Qf Jh$ ,t)lcycle and simulated rider was known, tt 1S Possible to calcUlate 
the approximate force of lmj)aet using F = m • a. 

AlthQugh both melt1ods have error, together they form a good estimate of the force of Impact 
andean be used to compare against the European test method. 
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6.2.1 Force via Presture Paper 

Although ori.q!nally Intended to be part of the data collection exercise for the purposes of 
calcu~tiO(J tire·. co_ntact ~.ressure, the pressure paper proved to be difficult to read and often 
showed .long skld- i:nai1<S as a ~esult of the tir~ aggressively rolling agaJnst 1t. ratf1er than 
lmpcJcting It However, the paper did prove useful as a witness plate to· detennlne tne exact 
1ocat19n ~. angle 9f Impact atid confirm that an Impact was at, or between, a main support 
beam (See Figure 82). 

6.2.2 Force via Deceleration Time 

The high sp9:ed ~era proved Invaluable f9r P9St test -evaluation and ~lculatlons.. Although it 
Is not ·poSSUlfe tg dertve exact values of dece.leraHon from a hiQh ·s~ _ movie~ a range of 
deceleration tl,roes may be J?roduced, which can then be used to ~late th~ appro)d'!late force 
of lm~~ ba$~ oo the weight of the Impact. Presenting an estlmat~ of fOrce also alloW$ for the 
uncertalot)' ~~ the exact timing of the block de~re from the bloycle,_ which mad~ the bicycle 
much Jlghter. The ayerage values of time, ~eceleration, maximum sldrt d~flectlon and irnpact 
force have been presen~ In Table 22. As exj)ected, the last two tests reSulted h1 the great~st 
estimate of force du~ to the rigid supp6rt beams being driVen into the solid steel bogie slider rail, 
~ly cutting that skirt's abHitY to absorb energy In hatf (results from tests 1 and 2). 
Additionally, the results show that skirt #2 can absorb slgnfficantly more energy when struck 
between two supports when compared to directly on the support. 

National Research Council Canada 
Centre for Surface Transportation Technology 

000110 

to6 



Record released pursuant to the Access to Information Act I 
Document divulgue en vertu de Ia loi sur l'acces a !'information 

CSTI-HVG-TR-187 

Test 
# 

6.2.3 Momentum 

Table 22 - Force and DeceleraUon nme 

Deceleration 
(m/s2

) 

Maximum 
Transl~nt 

Displacement 
Massofblke 

(leg) 

93 

The total mass of the bfeycleJU$.l before impact was 93.6 kg. Wlttl an ave~ge impact speed of 
21.9 kmlh, the average rri6nleritum of the bicycle just before lm~jact was calculated to be: 

= 6.08 m/s * 93.6 kg 
= 569.20 kg m/s 

6.2;4 Comparison to European Test Method 

Although the dev~ tested In ~Is phase are not intended to be used B$ side gi,Jqrds, It is of 
lnter~t to d~ter'n3lrie tf the testE!il side skirts could pass the Eu~n. test for sl~ gu~IVS. the 
background lnfon'natlon behind the European method may be fouild. in the NRC-GSIT side 

• \ • \ I 

guard-document [1], bowever, the basic requirements from Aprosys have been te-Jterated here, 
in italics: 

.•.... 86G119n 7.8 Slqeguarcts shall be essentially rigid, st?Curely mounted (they shall not be liable 
to IO<?SMing due to vlbnl(/9rt In normal use df the vehicle)' and, exCI)pt as regard$ ihe parts nsted 
in paragraph 7.9, made of ~tal or any other sultiJble mafB.rla/. The side g'uatd:-s~l be 
COf1$./der$1 sultSble If It Is capable of withstanding a hortzohtiJI. $1atic force of . 1 kN ·(224 lbf) 
appi/9JI perpendicularly to. lf!1Y part of Its external surfcice by the cerytre of a iam the face of 
which Is circu/a(,a,(ld flat, with a diameter of 220 mm + 1 o mm, and If the deflection of the guard 
under ioad Is then not more than: 

• 30 mm over the rearmost 250 mm of the guard, and 

• 150 mm over~ remainder of the guard. 

Compliance with this requirement can be verified by calculation. 
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The European test m_ethod Is specific regarding force and deflection, however, uses vague 
terms such as 'essentially rigid'. It is not known if the side skirts tested In this program would 
pass the European test method as none of them, particular1y skirts #2 and #3, ca11 be cl.asslfled 
as rigid. All of the skirts deflected significantly more than allowed by the European test method, 
however, the applied force was significantly higher than those used In the European test 
meUiod. None of..the ~qnufacturer's analysed or contacted during this project claimed to have 
side skirts that currently pass the European strength test. 
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Side Skirts 

A thorough n~View of commercially available trailer side skirts was conducted using the EPA 
S~ay list of verified tectlnologies as a primary source, along with a combina~on of 
telephone interviews and W~sed searct)es. In total, 19 skirt ·mOdels were reViewed, 
inclUding six offered by Canadian bEMs. 

The main side skirt paQell$ commonly constructed of aluminum, TPO, or FRP, and the average 
tOtal Increase In tare 'weight Is approximately 270 pounds. Single and multi-panel mOdelS are 
available, with nul!ler~us. de~gn opti<?~s. including rigid and fl.exi~le syst~m$. _ The flexible 
systems. bend Inward 8J19 Qdtward, aJiowing the trailer to ea~ily _pass ove~ obstaclesl Sl.lch as 
rauroad cross~_ngs .anc;t ~~- .. ~~ks; wfth minimal damage· t9. the ~~· Si~e s~rt i~$131~ttpn. 
whlcl) takes about ~.5 . ~J"S9rH:lburs to complete, often ln~~~r a no-drill ·clamping . me1h~; 
~ever,· sonte ~nS)dO ~'-'tre pej'manent attera~n to the-trailer; Qustorn side skl!1 designs 
are available for tankin an~d flatbed trucks, however, most are not SmartWay·verffied. 

The average cost of aerQ<;tynamlc side skirts Is $1 675, with claimed RO!s between four and 
24 moriths, and warra'rttkJs' ~tween one and. ten years. Side skirt Ol;Ms estimate ft!el savings 
of betw~ri 4~0% and 7~5% per tractor, based on Smai'\Way-man<Jated trap~< testing; In a 
canadlah context. this_ ~I savings could result In an approximate gr~~ouse gas emissions 
reduction betweeh 670 kt and 2 000 kt. In addition to fuel savings, OEMs oft~n ·offe~ .claims 
reg~ing the. use of sk;te skirts, Including reduced road spray, Increased c::jrlving s~blllty, and 
resistance to wintet ~~ther' conditions. ThrouQh the NRcan SmartWay iechnology fun~ing 
program, ~ese side sklrt-clal.ms (~ong other fuel savings te9h~I90Y claims) will. be eva!~.ated 
In a Canadian context In order to Inform industry professionals Of the potential for side skirt ·6se 
In thefr operations. 

Wheel Covert 

A review of comme,.Palty aval,~le aerodynamic wheel covers was performed by means of web
~ sea~. Sfid. tei9Rhon~ Interviews with OEMs. Very f~w fiee~ In Nortt\ Am~~ ~r 
to ~ using -this tectm~~y. and product availability was found to be qulte limited; .on!}i ·ftve 
wheel oover' models· were Identified, available through three OEMs. 

Wheel opvers are constru<;ted of stee.l, aluminum, polycarbonatq/alumtnum and '"''* ~. with 
an ave~ge.,welght of two to six pdUtids per oover. The mo~ CO(!lmon de~19n Is' the bra~~~t .. a~ 
bott systtun: hOwever a zipper.-~ tab modalis aJso offered. Al_l mod~ls ~re ea.s-t to ln~Jt ·and 
the QlSJo~ are oompatibJe with standard wheel sizes, and same with wt~e-based tire$. Most 
covers limit acce$8 tO wheel hub componenl:S, however, some mod.efs are avai]abfe with clear 
wfr;~~W9 for eas1"~sual tnSP,BCtlon, quick-release oovers·, and air valv~ extensions for :~asy ~lr 
pressure checks and re-fills. In addition, OEMs offer customllable covets with c6mpany 
brant!llrig for aesthetic appeal. 

The average cost of aerodynamic wheels covers is $100 per oover, with claimed ROts between 
fou~ and six f!Wlths: W~el cover OE~s estlma,te a fuel savings of 0,25% per wheel. However, 
thl~ ~stim~te Is based ·on standard fuel consumption track te$ting (alSo used,. for stde skirts) for 
which the margin of error Is approximately equal to the potential savings; as a resul~ .tn~~IVice 
teSt we currefltly being carried out by test neets to further evaluate the potential aerodinSmlc 
benefits of wheel oovets. 

National Research CoUncil Canada 
Centre for Surface Transportation Technology 

000113 

IO't 



... ·· . ... . : 

Record released pursuant to the Access to Information Act I 
Document divulgue en vertu de Ia loi sur l'acces a !'information 

96 CSTT-HVC-TA187 

Survev 

All of the manufacturers wno responded to the sUivey are currently off~ring disc brakes on their 
trailers and each manufacturer delivered at least one trailer In 201 0 equipped with disc brakes. 
Oi$C brak.es are a desirable option for many operators and therefore the operators request them 
ori their trailers. 

The majority of trailer manufacturers who responded to the survey are not curre~:~tly offe{:lng 
a~rodyrlar:nlc packages on their trailers, nor are they educating their customers on the benefits 
of using the devices. 

A . culture may exist in the trailer Industry that manufacturers are reluctant to provide 
aei:ddyriafulc deviceS on a trailer until a customer specifically asks for them. · 

Many of the respondQnts produce purpose-built speciality and tanker trailers that may not lend 
themselves well to aSI'OdYnamic devices compared to van trailers . 

lmpaqtt!.'Uoa 

A repeatab~ : a.nd r~istiq ~est environment was created after many experimental test runs. The 
behavfouf of tt1e· skirts durtog an impact Is rtl()re cl~rty underStood, and. future tests ·may be fully 
instrumel'ited to gall'\ more aCcurate estimates 01~ deceleration and deflectiOn. 

The tests produced estimated Impact forces between 3 701 N and 9 142 N and decelerations of 
between 39.5 m/52 (-~rand 97.67 rnJs2 (-10 'g). -

The test m~thod ~was deye_IQped to demonstrate the strength of the. side skirts under one 
specific _type of collision, which may or may not be represen~tive of how blcycl~ typically 
collide with h~vy vehlqle~. · For Instance, under typical oorn;SitiOns, the bicycle and the trailer 
would each be: rnovfng, fiQwever, In order to facilitate testing, tne .trailer rem~ln~ ~O'Iiary 
while ttl~ bicyCle was impacted Into the· -trailer. Under these coridltlohs, the tes1(~g ·. 
demonStra~ that all .thretl .slde skirts. prevented tf1e.)oaded blcyples ~;,entering under the 
trall~r! . Fortne~orertba ~cles did not become wedged undem~ tti'e -$klrts. In ~I t~. q,e . 
bicycles wen~. eJ~ rearwarq along their original path and away from the ·trailer and became 
tang!~ In th'a ~est .·fixtUre, which would represent an adjacent l~e. be It oncoming traffic or a 
lane travelling 111 the same direction; 

The three ~Ide skirts b~haved somewhat differe~tly from each other wlttl re.~ to the ~ount 
of defonnattqn, rebo~nd, energy absorption and ltle an:tount of penna.nent_sJ(I_!'t~mage attar Ule 
test. The ahJmlnum P.anel design {#1) sustained the highest amollnt of pennaneot damage and 
deformation as a result of teSting and clearty appeared damaged aftef each of the· impact tests. 
The E:'J~ttitnum ~~n·a rigid di81gonal U,bular steel braces did not. ~~. absorb energy 
and s11Jlply tr:ansle(r8d thE) energy and stld along the ralls Where:f):Simltted. The lack of elastidty 
In the system-caused skirt #1 to remain In It$ final resting posltio(l once the impact was over. 
As a result of this niotlon, the distance between the ground and the bottom of the side skirt 
increased by apptOxlmately 7 em to 10 em as a result of the impact. 

Conversely, the skirt that used lndMdual plastic panels (#2) did not have diagonal membe~ at 
an, anc;t was able to absc>rb the energy of the Impact elastically, and rebound baCk to Its original 
location and condition with only minor tell-tale signs of impact. The continuous panel plaStic 
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si~e skirt (#3) did have diagonal braces, however, they were made of fl~xible fibreglass and 
were able to bend radically upon Impact and absorb the energy, and then rebound to their 
original pOSition; albeit requiring replacement d~ to bifurcation. With the exception of tire skid 
marks~ the exteriors of both plastic designs did not shoW ob~ signs of damage onee the 
impacts were c:Oticlti(fed. The vertical diStance between the two plastic side skirts and the 
ground did not change as a result of the impact testing. 

Tf}_e point of Impact on a side skirt, relative to the longitudinal pos~<?n of the trailer, results In 
different' ~ffects depending on the type of skirt Side skirts that us~ rigid diagonal bractng for 
support (e.g: tested skirt #1) behave differently if th.ey are struck ahead of the trailer bQgle slider 
ralls when compare.d to Impacts adjacent to the slider rails .. . WMQ Impacted near the· bogie 
slider rail, the diagonal braces. can ority slide a few Inches ar)d are then driven Into the out$1de 
edge of the_ sll~er rail. 111is prevents the side skirt fn;>m further movement and the bicycle Is 
ej~ rearward and tt)e skirt ~sless energy. Alter'nat}vely, when the bicycle Impacts the 
side skirt ahea(J O.f the slider rail .• the diagonal braoos ~ free to $!Ide aJ9ng the cross. members 
for as lori,g as the Impact force exceeds the ctamplng fo~ ~tween -ctM1 side skirt cian1P.S apd 
~ ~!*'• ~ ,tnembera. 1he testing revealed that sonWdl~· bra~. torqued to 38 .ft lb, 
can,sJide as m'~ as 28 em w11en struck by a loaqed biCycle~~ approximat$1y 21 kmlh. The 
actual amount of sliding Is hlgiJ!y dependent on the torque applied to the clamp bolts and the 
cOOfftclent of friction between the clamps and the cross members. 

Some side sk(rts <;k> not exhibit external signs of damage after an Impact Therefore, it may be 
necessary ·to Inspect the backside arid securing hardware of side skirtS on a year1y basis In 
order to determine If they have been Impacted. 

None of the slqe skirts were damaged to the pQint when;s they could become hazardous to other 
motdrist$. .~d the . trailer contlriue to be driven on the road after an Impact wtth a bicyCle. 
Side ·$kirts #2 and #3 would only require minimal repairs in order to be .returned to service after 
an lm'Ract. Hbwever, sid~ s.kirt #1 would like requ1re partial,· or complete, replacement after an 
Impact In order to be retum&:t to service. 

None of the s.lde skirt manufacturers make claims regarding passing the European side guard 
. test prOtocol. 

Braise Coolina 

The results of this com~tlve study Indicate that heavy vehicle trailer brake convectiVe cooling 
can be . negatJVQiy affed~ by the additiOil · m side skirts and ~ covers under . ®rtaln 
operation~ cobdltlons. It Is als9 apparent that the effect of side s!<Jrw on brak~ cooling Is 
rela~eJy slmJI~r for trahers equipped with drum brakes or diSc braKes. However, the effect of 
~~ coy~~ .. · on brake coqllng· Is more pronounced with druni · brake$ on the d~l tfre 
C90flgurati_ons than with disc. brakes on the slngJe wide tire ~lg~.:~raUons examined· In this 
sttidy. Wlth:non y,~w wind conditions, wheel covers have very tittle Impact on disc brake ~ling, 
for the gaometries examined In this study. 

The results also Indicate that while the presence of side skirts dEK;reases the relative 
effectiveness of disc brake cooling under 1 o degr~ yaw side wl.nd condltiQns, the net !Etvel of 
cooling Is stifl equal to, or greater than, the levels achieved without . the devices, and In the 
absence of a side wind. In other words, there was no net negative effeCt on convective COQiing 
of the.front or rear d'JS9 brak~ due to side skirts when a 10 degree yaw side wind was present 
compared to a non-yaw condition. This is a significant obserVation since there Is almost always 
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a yaw wind component during nonnal trucking operations, and that side skirts are particularly 
beneficial from an aerodynarrllc perspectiVe under these conditions. It should.be pointed out ihat 
this conclusiOn ~plies to a yaw configuration of 1 o degrees only, which represents a realiStic 
upper bound ()n wh1d yaw experienced at normal highWay cruising speeds, based on hourly
mean wind statiStics for North America [23]. 

The benefit. that side skirts and wheel covers offer In reducing fuel consumption, and in tum 
G~G and other emissions, for long-haul trailers is well under$tood. The. current study has 
demonstrated that there can ~lso be a negative effect on brake ~ing under ~ri 
operational conditions, aiid this should be taken intO consideration through the careful design 
and Implementation of these devices. 

The results of the computer· simulations show trends th~t Indicate that brake cooling could be 
reduced at hlgflway ~· hQ~ever.- ~-road testing uslng.ve~lcles with lnstrumentecf orakes 
would be requlri:ld to quantify brake temperatures with, and without, the aerodynamic deVICes.· 
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