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Re-evaluating
the results

Further work on
rear wing end
plates has clarified
a number of
different issues

anvantional wisdom
has it that desper rear
wing end plates are
better than shallow
anes. [t turns out this
may depend an what aspect
of aerodynamic performance
you want 1o eptimise, bt our
continuing iInvestigations into
the subject have produced some
valuable lexzons, mat all of them
aerodynamic in nature
Racecar Engineering V18NEB
featured a CFD exercise carried
out by your writer in which
Vanations 1o réar wing end plate

gepth yielded some surprising
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results. The downforce and drag
results did not it the expected
patterns, and instead seemed
1o suppest that some shallow
end plate depths produced

more downforce than deeper
GNES. ThF ol liChe [.II-ZIT"||II="IZI

two undergraduate students in
the UK 1o make contact about
undertaking their own final year
projects on this same topic, and
wing models were provided to
them for the purpose, Their
findings, In tum, prompted

the writer to re-run his own
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uations, and some rathe
different results to those original
ones emerged. This article will
attempt to set the record straight
and, at the same time, share the
lessons learned, not just the
aempdynamic ones but alsa the
lessons about going back and
gouble checking unexpedted
rJ?S"I|1'_=_ about not [III”IT'IF_?I
excassive trust in CFD results
and also about the potential
vagaries of simulation tools that
can catch out the unwary user

First though, let's briafly
re-cap the onginal project details
A single element wing was

fitted' with varying depth end
plates to investigate. using Ansys
FloWizard CFD software, the
effects on downthorce and drag
The depth of end plate balow the
lowest part of the wing's lower
surface was the only parameter
varied in the CAD models. The
amouwnt of end plate above, in
front of and behind the wing was
kept constant in all cases (see
figure 1), An indtial set of five
runs produced an anomalous
looking result, with downforce
higher than expected at one of
the shallower and plate depths
(see figure 2). So more models
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wilh end plate depths sither
de of this were constructed
1 tun in the COFD, producing
vl more anomalous results (as
wn in figure 3). However, the
1 were seemingly reinforced
y Uhe pressure and velocity
stributions, and this led your

ter to the conclusion that
.-..'_-'r'|-'|5: IRNtErgst ng ;:;”.“:

e been found that would

1t 1o the original

ticle's publication Daniel

Five of the end plate
depthe svaluated,
showing the overall
range tested
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Byrne at the University of
Central Lancashire (UCLAN]) and
Chris Lewis at Oxford Brookes
University indicated their interest
in carrying out follow-up work on
this topic. Each wanted to take
a slightly different approach,
but during the course of their
projects aach was to investigate
varying the same parameter on
the same wing profile using CFD.
And although each student’s
work did indeed suggest an
exploitable area of the drag curve
in a way that does not seem 0
have been widely published, the
iregular anomalies originally
found by the writer were not
replicated (see figures 4 io &)
With the benefit of hindsight
of courss, this irmegularity itselt
was a clue that something was
not right with that original
data. Indeed, Dr Dave Petty, a
senior aerodynamics lecturer at
Kingston University, having seen
the original article, made contact
to =3y, essentially, that “thera
must be a problem with the CFD,
the fluctuations are too big to be
real! The only thing to do then at
this point was 10 re-examine the
models and methods to see if the
anomalies repeated themselves
ar net. O, as my chemistry
teacher used 10 Say when her
classroom demonstrations went
awry, ler's see if we can produce
a better set of results...

REPEATS
S0 a larger set of end plate
depths was constructed, in 25mm
increments from 25mm up to
200mm, S0mm increments up to
300mm 2nd 100mm increments
to GO0mm deprh, covering the
maximum likely practical range of
rear wing end plates that might
be seen on ‘mainstream’ racecars.
And the same wing was used,
this being one of the writer's
single element designs that has
been used in various applications.
The one thing that had changed
this time was that Ansys LK had
kindly made the latest version of
FloWizard CFD software, version
3.1.8, available. (Note to readers:
now that Ansys w12 has been
raleased, FloWizard has become a
Tegacy product’ meaning Ansys
will not be selling it any longer).
5o as betore, each model
in turn was run in this latest
software using default settings
for mesh quality, and accuracy vs

ANOMALOUS RESULTS

spoed. Very early on it became
apparent that the new version of
the software was not ‘behaving’
&5 its predecessor had done.
Different cases were running

o apparent ‘convergence’

(when the software decides a
solution has been found and
automatically stops) atter quite
different numbers of solver
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and it proved necessary 1o invoke
this option a number of times

in each case to obtain results
that properly converged. Figure

7 shows the salution history

of ane fairly typical case, this
requiring ‘continue calculation”

to be selected a dozen times
before the downforce (and drag)
values had clearly reached a

dd beware of putting
excessive trust in the results
of numerical simulations pp

iterations, and the results were
equally obviously not fitting the
expected pattern, But unlike

the previous project. whens

the variations were not wildly
different from the expected
values, this time the initial values
were much lower than expected.
However, Flowizard includes an
option to ‘continue calculation’,
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plateau. Each point on the curve
represents a point at which
FloWwizard stopped and indicated
convergence had occurred. The
drag values showed a similar
patiern 1o the downioce values,
Al the cases run In this
sacond set of trials needed
manually nudging along until
the results had definitely and
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clearly reached a plateau, with
anything from two nudges 1o 19
{in two cases) being required.

On average, just over 10 nudges
were needed to achieve a mean
of just fewer than 383 iterations
to ensure the results had reached
a plateay. Leaving aside for a
moment the possible reasons

for this manual intervention
being necessary, its occurrence
provoked Pt thoughts. Firstly,
that the irmegularities in the
results in the original work

may have arisen because of
spmething similar happening
with the earlier version of
FloWizard. And secondly, that

\although it perhaps should have

been apparent that those original
cases might not have properly
converged, there was no obvious
indication that this may have
bean the case. The moral hene is
likewise twofold: check spurious-
looking results, and beware of
pUTTing excessive trust in the
results of numerical simulations.
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So why did it prove necessary
for these cases to be manually
nudged 1o ensure they had fully
corverged to reliable solutions?
And could this apparent inability
of the saftware to converge
at the first attempt be an
xplanation for the irregular
results found in the first trial?
whatewer the specifics might
have been in this case, the words
ot an aerodynamicist friend with
troad experience of numerical
and physical test methods
offer a more general caution:
Interpretation of CFD is still a
majod grey area, despite the
apparent availability of all the
numbers and fancy graphics. It's
oo eagy to believe what you see.
And 'pure’ CFD people aré often
e most trusting of all, despite
inowing its inner workings
intricately. If it's any consolation
Iva run cases multiple times and,
without changing a thing. got
different answers. 50 the rest of
us need to be wary. and clearly
nal just when we encounter
deviations from expected trends.

THE BETTER SET OF RESULTS
whatever CFD vagaries might
nave contributed to those original
riegular-looking results, and
whatever level of naivety your
wiiter displayed in accepting
them as reliable, the latest set
af resuits, having been pushed
along until they had clearly
reathed a plateau in each case,
would seem 1o paint a clearer
picture of the relationship
between end plate depth and
wing perfarmance, and the
results are shown in figures 8 and
S Now we have a considerably
lazg bumpy plot depicting. in
the case of downfaice, more of
less the expected pattern with
increasing end plate depth, in
general agreement with the
students’ data in figures 4 and 6.
There is still some interesting
bumpiness in the 125mm o
250mm end plate depth range in
the writer's data. which may or
may not be real, and this would
undoubtedly be better examined
furthier with wind tunnel trials,
Furthermore. the curve seems
o imply that downforce would
continue rising with increasing
end plate depth, the results from
300mm 1o G00mm being on an
szzentially linear, upward slope.
Perhaps wind tunnel testing

NEW F.'ESULTS
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1.1m single element

would be a more reliable method
of validating this toe, since it
might hawve been expected that
the gains would level out.

Drag. however, seems
1o follow an interesting and
patentiaily exploitable pattern.
Again tha curve in figure @
shows some bumpiness, but in
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essence there is a drag minimum
in the 200mm to 300mm end
plate depth range indicated here
with this wing. The minimum
value is at 250mm and it is. for
example, 2.6 per cent lower than
the drag level with 50mm of

end plate protruding below the
wing's lower surface. Although

m}k would provide a smaller
proportional reduction to whole
car drag. it could still represent
a worthwhile increment if
technical regulations allowed an
appropriate degree of freedom.
Interestingly, the plats in figures
5 and & obtained by the two
students who followed up on

.
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the original praject show a
similar generic pattern, with a
drag minimum somewhere in
the 150mm to 250m region,
depanding on how your gye
filters out the bumps. (Again,
wind tunnel studies might be
the only way 1o sé¢ if these
bumps are real or the result of
samething in the simulations),

At greater end plate depths
hare Seems lite ooudl from
these latest results (inchuding
those of the students) that drag
then rises as end plate depth is
increased. The bigger end plates
themselves generate additional
frontal area, and hence increased
pressure drag, as well as greater
‘wetted' surface area, and hence
increased skin friction (viscous)
drag. It would therefore appear
that the combination of thesa
additional drag increments is
avercoming the reduction in
yortex drag from the deeper end
plates in this case. In terms of
the drag reduction from deeper
end plates, it seems deeper is
batter, but only up 10 3 point.
Once more, wind wnnel follow-up
tests would confirm whether this
assertion s valid

If the downforce and drag
numbers are combined Into an
ond plate depth vs downforce
over drag (-U'D) plot, as in
figure 10, it can be seen that,
by this measure of efficiency.
performance apparently peaks
at 400mm end plate depth, but
good performance can be had
fram 200mm and wpwards.

S0 in cases where technical
regulations allow a choice of
@nd plate depth, that choice
eouild, as usual, be made on the
basis of maximum downforce,
minimum drag or best -L/D, with
the optimum solution, as you
would expect, being different
in each case. A usetul paint to
finish on then s that in spite of
the seemingly ermoneous data
repaiied in that original article in
V18M8, there does seem to be
benefit to be had from optimising
end plate depth to match the
needs of the application, Mow it
remains to get this project into
the wind tunnel

Thartks once more 1o Ansys UK
for the use of FiolWizord, ond 1o

Duniel Byrne and Chiis Lewis for ' ifh - End plate depth below wing, mm
: ir final .
Shﬁll"lﬂg Tth.l'ffﬂd m-rpl'ﬂjlﬂcf Wl | AL T ! | | Il | [} | | LT ..|l'l.
| { 4B e A T
m WNW.RCECAT-ENgIneering.com * june 2010) 1R T Y 1l 1 I i !-'a_.- b1 ! [ |I"|
i Wi [ R T g 4 { .'.,:

I.,,'Jill -||||.|.'.
t il e e il
! T RBLUEINTIN )

e '||II " 1|
” ﬂ .,L AL .. |"r' |

M 1 TSl
! Downforce vs. end plate depth
ultsfrem 1.38m single element wing at
etully b 1160
re or less Enm
: | ;1@
i 1040
i I"'r"'“.n"
il ,:'.-I 1000
|I' i |..|II|I: |
| I et 1 o 100 200 500 600
' End plate depth below wing. mm
TR kATt ..|gﬁ|: 7 il .,!;'|_:_"j;_| IR ‘_||1|_]
Sl el . i Drag vs. end plate depth
Drag results show 1.38m single element wing at
' - 185
; iy 184
; | 182
b Pl 182
Jratl .ll ! |I I} ' .I I.. I.. III.I 1“‘
(L L ALATTE 180
1 . o 173
bl (ML) M
ey mmm mmm
s} I|u AL ST I!:.:I:I.I JE LY ML | [ I—
i g -l i I i 1.38m single element wing at 1
il gest d €
I : -
x| ] | | 59
f L 3 L1 ]
a7
LT I 6
1" 1 nivl “
| L -] L[] ] L) g o]

| AL (1l IS




Missed
something?

BACK ISSUES

GLODAL AACE CHGENT
-

HAULUST 2009

Global Race Engine concept
INvESTIgated: the story of the
MoLirtune MT1 engane Tony
Purnall on the GRE. KERS and
cost capping: Le Mans 2009
technical review:; the futwne of
IndyCar rule busting: the BTLC
ohet Cylinder hisack al londable
FlybiediMagneti Marelli KERS

I NOVEMBER 2009

Force India VIMOZ; Corvet e

| CBR GTZ Mini ...1r_-r|_||_1:,'|1.:|||||r_1.

| logging rates; Alpina BE GT3
crankgase depression; Pescanolo
KlA Belcar; Ben Bowlby: Alr
Brakes: Tyre modelling; Chiis
.I’|:|.'|I3r1

M FEBRUARY 2010

Open cockpit safety; scale model
wind tunnel programmie. chassis
set-up from scratch; Vortex
hillclimber hosld - Part £ future
engine technobogy from limor
Ricardo and Lotus; Mark Raffauf
irerview; more Mind a0

Indycar future concepts; F1
update: physics of acceheration
damper ratios: Adrian Newey,
Audi RE & R10; Eric Broadiey
Toyota Motorsport

MILAREN F1
SECRETS

W SEFTEMBEER 2009

Behind the MclLanen technical
Curtain: stories on the MP4/23
Mercedes KERS. Brake steer,
aluminium baryllivem Forbes

Alrd on wonden radecas chassis

former Lola designer Broce
Ashmore interviewed Formula
Student 2009 report
45Stockear Engineering V

3 DECEMBER 2009
F1 owertaking Splitters and

| spoilers; Drop gears: Data setup:
i Formula Ford: FF 1600 engine

simudation; Real Tima Race
simudation; drag Drakgs, Steam
LSR: More tyme models: Steve
Mevey of Red Bull Racing
+Safety Engineering
supplement

= MARCH 2010

Inside LS F1; Xwrac 1044

F1 gearton: Bloodhound

SSC progress report: the
Offenhauser story; Nigel
Bennett interviewed; Mannic
hilbclimieer aeoo; Danny Nowdan
on racecar dampng: quantifying

Audi R15+; Millers Dils; wing

endplate desigr ORECA FLMOS:

open Souence CHD: Howmat TX
Ferran F430GT aert: banked

ovale LPG enpines; tast food
samulation

+Stockear Engineering Vil

NEVER MISS AN ISSUE AND SAVE
MONEY TOO - SUBSCRIBE TODAY

Find the best subscription offers online

www.racecar-engineering.com/subs

m wWww faCeCar-engineering.com = August 2010

2w (EMTURY
HﬂTMEPﬂﬂ:‘

TOVOTAT SECRET F1 (AR

| W oCTORBER 2009

Davelopment story behind

thie Vil Race Touareg 2: Asion
Martin DI LMP1 V12 describeg
mew BTCC technical regulations
PRS regressive vahm damping
@ book back at Lotus active

suspension in F1; Aston Mariis
(T2 examined: Danny Nowlan
clarifies views on ami effets

= |JANUARY 2010

Motorsport in the 2151 cenlung
Len Termy interviewad: Upfront
LFD soltwane examined, tyne
idewall durameter; Lada Priomn
WTCL Donkenyoort 08 T4,
and Fiat 300 Assetio Corse
dynamics of launching a drag
i, RO data from a wehichkes
dynamics standpaint

4 APRIL 2010

Formula 1 2010; cockpit satety
Ri dampers; tyre models;
Deltawing Indycar; Daytona
winning Porsche VE: Ford
Fiesta 52000; wiring looms
By Hieatt on F3, spied
derivation anomalies, FF 1600

+Rutosport Engineering race track grip levels ride heights, eSatery Challenge
Show Gulde +Stackear Enginecring V1
3l MAY 2010 3 UNE 2010 A JuLy 2010

Toyata TF110 F1 car; Matech
Ford GT. TOCA NGTC turbo
g Momac Rk ety
Formuda 3 update; Ricardo
Diniika interviewed. k

LMPs grounded: Ferrai F430GT
aer; torque tubes; maths
chanmets explaned. derving a
wehicle model

e L-..-.

MAGAZINE BINDERS

Keep your favourite
magazine pristine
PRICE PER BINDER:

UK, BFPO EB.00
Usa 524.44
Europe E£12.00(€17.64)
Rest of Waorld £13.00

Order on: +44 (0)1733 385170




