To GFD or

~—
not to CFD &

that is the
question?

- Part il

David Hollom looks at
where CFD fits into
the design spectrum

Twenty years ape hull design programs,
aperating on compaters using the ubigu
rons Motorola RO chip, took around
20 seconds to ealeulare and update the on
screen view of the lines plan, alter the
mowernent of one ol the vernces that con
trol the holl shape, And thar was ar quite o
Lo pesolunion {ie o course surface mesh).
A hipher resclutons, mvinge preater aceo
Ly, VK] |1|1!’_|!| |'I.;\'|.'I.‘ T wall at |I.‘:!‘|| il
minute to see the change and then d furcher
A0 seconds or so o view the hvdrostatics
anl the raning. Guick, i vou had been used
to deawing by hand bur deadly slow by
today's stancdards,

With modern compurers a ser of hull
lines can be produced in mmutes ar che
highest resolution and thus accuracy thar
you could desire (1ot the final design bur a
good starting pointl. And in not oo many
more minuces 10 can be just abouar inshed
and be aceurare to within a few decimal
places for every target hydrostatic para
meter a  designer could ever wish 1o
achieve, topether with a spot-on target
rating {(of course & designer will usoally
then oweak away for varving amounts of
errnel. And there 18 no wait-time for an on-
screen display of the hydrostarics or rating,

With our own progeam, Huollldes, w is
possible to have windows open, simuliane-
ously, for hvdroscancs and rating and see
T}trnn dl[l."l' ds VIR Tmove 1']1L,' vertsces to
inform the hull shape. Although we have
not yer done so. it owould seem re be
entirely feasible to have another window
open, displaying results from the velocity
predhicion program (VPP although there
would have to be some considerable inrer-
action withm the program, alrering, n a3
predetermined  and  autematic way, a
number of factors, such as appendage size,
gail area, hull weights and bulb sive and so
om as displacement, righting moment, hull
size and ratmg etc chanped.

As always the computer will nor goan
anter a fast boat — thar depends upon the
aperator. Bt i does allow a lor more
options o be exammed na given tme
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Williams F1's previous half-scale wind tunnel, Willlams moved to a $50 million full-scale

: e s

tunnel in 2005 but teething troubles cost the team much of that season’'s competiliveness

To digress 2 hittle, while T am 100 per cent
behind the use of computers in yache design
| de find &t a bode strange thar modern
courses i yachr design do not reguire the
st of hnes by hand.
Evervthing from the outser i now carried
put by compurer and. while I would never
willingly g0 back 1o producing a set of lines
bv hand, I do feel thar vou should have done
it 2 few ames; [ am cermain thar after swear-
ing over a et of linss for 2 few days, striving
to achieve the desired shape and strugpling
to make them fair, @t produces a bemer
anderstanding of shape and how warer
maght flow around thar shape. Or perhaps
1'm just marmng nto 3 rumpy obd man?

Turning again 1o the Navier-Stokes
equations it 15, a5 already mentioned, only

student w0 draw a

this huge increase in computing power that
has made their partial solution possible. To
differennare n yatical

methods such as panel or potennal fow,
that are much more economical of com-

from other mathe

puter power, this branch of theoretical fluid
dynamics is known as computational fuid
dynamies (CFDL Bar how accurate s the
end result and ro what extent has it made
runnels and ranks and lumes redundant?

It all depends upon what you mean by
accurate. Every time you go sailing, or fly
vour ghder, ar race your car, conditions
different. The amount and

are vpe ol

turbulence i the ocean or in the aire s
probably never quite the same from one
day to the next and, as we have seen in
Part 1 {last month), the degree and cype of
turbulence have a laree bearing on perlor-
mance, parncularly where the mainte-
nance of laminar flow is important, Partly,
but not entrely because of their effect on
Revnolds number (Rel, which atfects the
boundary laver and thus the viscous drag,
changes in temperature and particularly in
the case of air, density, also atfect perfor-
mance: a tesult that 38 accurate for one set
of conditions on one day and in one place
may in fact be imaccurate for another set of
concdiions on another day or even on the
same day in another place.

Assumimy that by accuracy we mean the
ability to repeat the resulis of a plysical
experiment in a tunnel, tank or Aume, at a
particular level and type of rbulenge,
density, temperature, Froode or Mach
number and Revoolds mumber, there are
wveral reasons for inaceuracies. Fiest, there
are  the  simplifying  assumprions and
pprosimanons necessary 1o solve the equa
s, Second, there are rounding errors,

Becavse the number of decnmal places
wied in the caleulations most be e they
st be rounded up or down, While this
weontled bave lietle effece onoa small mumber of
caleulatons, over a caloulation having, say,
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Williama F1 are one of only a tiny group of teams with the supercomputer power to model an entire car as a single unit in CFD - largely as
g reault of thelr support from computer manufacturer Hewlett Fackard, Nevertheless the bulk of Williams' CFD work is confined lo studies
of individual elements (above) with the wind tunnel remaining the ultimate arbiter - particularly when it comes to global car behaviour

o million steps these can mount up camula
tivily, althewgh one might expect thar the
romndings up and down mipht average oot
Heowever, in mampulaong small and forgze
nambiers this can become a factor,

Finally, until very recently it wis neces-
H:H':.l' 18 run |_|:'||' |'|J'I.!H]'||||'|N LsIng J.']l.hl'j i
Fully turbulent or a fully laminar boundary
layer, As the compuration of viscous drag
depends very much on the type of flow,
buminar or turbuolent, and the amount of
each, this weuld seem to be a major source
al naccuracy, However, rememiber that
tank testing it 15 normal o iy ransiton
near the bow, so thar raditional methods
of tank resting suffer from the same prob
[ when comparing resules with realicy.

Muore recently, developments of the pro-
prams lonown as Large Fddy Simuolation
(LESHare bemg evolved where the mesh 1s
small enough to complerely accommuodare
the largest predicred eddy. According 1o
Kolmagorw's theory of self-similariy,
large eddies of the flow are dependent on
the Aow peomerry while smaller eddies are
seli-similar and cthus have an slmost um
versal character, Thus, in LES the large-
scale motions of the fluid are caleolared
while the effect of the smaller universal
eddies on the larper ones are modelled
using a sub grid scale (SG5) model,

The program s then able o predice
tramsition, and thus the amount of laminar
and turbulent flow and also, one assumes,
the position and extent of any bubble and
its effect on the flow, both of which would
appear to be a preat improvement. Before
you pet too excited, though, computanon-
ally, it'is far more expensive than Reynolds-
averaged Navier-Stokes methods (RAMNS),
particularly in the region of walls {the
vehicle skin) so that simulating such flows
usually exceeds the limits of cven today's
SUPETCOMPULETS,

For this reason sonal approaches are
often utilised, with RANS or other empiri-
cally based models replacing LES near the
walls: bur this would seem o someiwhat
lefear the PUTROSE, 1% TEATEII0N ¢ oald e
then be determined, There s, also, the
wtiging thoughe thar, while the flow
withim a lomnmar boundary laver is farly
precdictible, the flow within a mrbulem
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boundary layer is, by definition, random
and chaotic. That fow will, thus, never
repeat msell so any solunon, no marter
howe accurate, 15 only true at that moment
Arany other time it will be dittecent,

Compansons are often made beoween
designing a Formula One car and designing,
an Amenca’s Cup boat and thus, becanse
they, the car frarernity, make extensive use
of CFLY we, the sailing community, should
do so too, However, while there are many
umilanties i methodology  the  actual
design problems are very different.

The car designer s very much mereseed
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Top: Fig 1 = calculated versus actual (in the
tank) wave systems for 12-Metre designs.
Above: Flg 2 —computed wave drag with
tolal measured drag (wave plus viscous)

i downforce. Yes, he s merested e deayg,
Bur o somie slow eieuies be wall swallingly
TEbC TE S l||.|. v nboree ll M Wi ';'i.]'l”l '.lrr'.r:

penaley, e he woukd consider e extra

dowmntoree worthwlile down o o lilddeag
rattor of unity, The reason of course is that
the car carries the extra speed that the exera
downtorce provedes i the corner, oneo the
pext straighe and sone way down o Yo,
thie lower-dheag car will eventually exceed the
speed  of the high-downdorce car, 0o
straipht e, boe if the seeaighes are noe long,
enoupgh for this advantage to materialise amd
there are many corners, the high-downforee
car will he Faseer around thar ceack, Oibw-
ously there s o eeade and on cireoits with
longer straights and Tewer corners, a better
liftfdrae mtio 15 used for deciding whether
the exera downforce 15 worthwhile,

We i smling, on the ocher hand, are, or
should be, vieally interested in drags nor lift.
As mentioned 10 previeos articles, the rig
forces  predetermine  hydeodynamic  ify
Iwhich is ecasily caloubared or, alrernatively,
can be obtained from a breakdown of
torces from within the VPPY, so that all
that is required o sl faster o windward
is to procuce the required life force for less
drag fassuming the same stabilicyl. That
wav vou will either poine higher, by having
a better hydrodynamic litt'drag ratio, or
sail Faster, which i oeself wall reduce
incuced drag which will, ver again, allow
vou o sail either faster or higher. As
alwavs, 3 mood helmsman or a VPP will
fird which solution = optimum, or at lease
very near optimum. The lower drag, olwi:
ously, also pays downwind,

Mavier-Stokes programs are very poaod al
predicting life or, i the case of a racing car,
downforce but are. as we have seen, tol
always as good at prediciing drag. For that
reason they are more usetul in sitwations
where lite or dewnboree dominates vather
than drag, as with an FL car, Also the For-
ol Oe car Ias many downtoree produc
ing features, which mutually allecr each
ather. Tr 1 therefore desirable to o madel o
chunk of air around the car to cateh this
meeraenon, which pecessitates the nse ol
vither Savier-Stokes or wie nom-viscons
counterpart, Euler progeams.

Cars, Dsuspect, also work woa toebuden
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COVIRONMCnt, S0 Thﬂf [l'.IL" NECERSITY T C hise
cither a fully mrbulent or a fully laminar
boundary laver docs not create a problem,
Boats, on the other hand, have a mised
boundary laver, the How stamng s lamnar
e then sommewhere a transition to turkbualest
Flow oocurs. Also, we only really have the
intersiction of the fin and the rudder 1o con-
ternd with so that it is not strictly necessary o
model a block of flud arcund the boat,
Thus, simpler ponel o potental  flow
methods, which only model the Aow ar the
sutface of the body, an probably adequate
for vur needs. Becanse they normally anlise
an integral boondary Javer method, soch
|Araararms nlse bave the advantape of per-
haps predictmg the state of the boundary
laver and thus the viseous drag better, and
therefore may well v
|’IIH.I|.| or even berter than Mavier-Stokes or

results that are as

Fuler programs... bur achieved very much
e uaickly and cheaply

Huowever, to reduce drag it 15 NCCERSATY
to lave a pood understanding of the fow
and how it can be improved, and it is here
that Mavier-Stokes programs really seem
o seore, | he flow visualisation is excellen
anely assuming that the model of the flow is
accurate, there are many arens of interest
where
Larpe reductions in drap,.

Interestingly, during the last British
America's Cup Challenge in 12-Metres we
usedd two potental flow programs (not
serictly CFDY that were then very much i
their infancy, Through one of our spon-
sors, Brivish Aerospace, we used a poten-
val How propram called SPARY, devel
oped by Brian Maskew at BAE in Broogh.
Brian Maskew left BAE and joined Analyt-
igal Methods in Seartle and subsequently
wrote WSAERO, which was then used hy
Dennis Conner's suceessful design team.

SPARY did not have a free surface
facility and so could not model wave drag
whereas VSAERO did. However, 1o partly
overcome this deficiency. we used a sepa-
rate potential flow wave-making predic
vwon program developed by George Gadd
ac BMT (previously the UK Natonal Phys-
ical Laboratory) where we were tank test-
ing (for part of the tme in the ank where
Barnes Wallis tésted his bouncing bomb

As a simplifving assumption and as cheir
name suggests. potential fow priHrams
ignore the etfects of viscosity and as clearly
viscosity affects, to some

improwements o the flow offer

exXTent, wave
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making, there must be some Inaccuracy.
However, these errors appear to be small,
Although perhaps not 100 per cent accurate
in & guantranve semse we did et the ocder
of preference correct and we made great use
of it i reducing the wave drag of the UK's
final, radical 12-Mewre Crusader 2. Fig 1,
afrprasite, shows a photograph of model 4
{ Azt , model 13 and model 14

photograph s the calculated wave system,
which can be compared with the actual
WAVE SysTim and "-'-.':"llk_'i'l appears to agree
e well, Fig 2 shows the compured wave

s with the ol measured drags [wave

Pl viscous ) in cocthicient orm.,

S0 in today's world does CFD make
phvsrcal vesting redundanc? The answer, ar
the moment, seems to be an emphatic no
{ | i" 15 st .I:Il-'il."ll ( |.||'1.:_.'.I| 1-:|-:|E o e 1|'.1'._|
where it is most appropriace and cost effi
wilke of Formula
One teams only really use CFI as a screen

tve. In kact, i 2

tix choose the limited number of ideas that
they can test in the wind tunnel; 1 Kless thie

s s e e America's ¢ Lp.

Even near-limitless aceess to the
laghest levels of the latese CFD, it is siernih

cant that Toyom Grand Prix are presently

completing  another pew  wind  tunnel
capable of handling one full-sized car or, at
o) per cent scale, two cars m-line o exam
me the interacrion of one car with the other,
Indeed, so importane is phyvsical testng thar
nearly every Fl ream presently runs s

el

on a 24-hour basis, Undemstanding
r}'.-.- now, hiowever; 15 PARLTIOUNG U improy-
ing performance and it is here that CFD, ar
rhaps most usetul.

One fnal guote, from Diernch Kuche-
mann, formerly head of aerodynamics ar
the UK Roval Aircraft Establishment, in
his definitive work, The Asrodwamic
Design of Afrcraft, seems o sum up the
sircation quite aicelv. After describing the
many approximatons and sooplifying
assumpions achieve an
answer, the writer goes on to say:

‘These very simple examples will have
demonstrated the very many steps we are
prepared o rake In order to get near a
solution. In view of this it is again and
again a matter of wondrous surprise when
we find that the answers we obtain in this
way bear such a close resemblance to whar
we observe and that our thinking was not
misguided afrer-all,” a

presen, b

necessary 1o

I's easy to appreciale why so much effort is going into trying to replace wind tunnels with
CFD tools when you measure the size - and cost— of Ferrari's current half-scale F1 tunnal,
Most F1 tunnels run 24 hours a day and Willlams' tunnel stat! now number around 100
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SPINMNAKER FABRICS

AIRX sets the standard in Spinnake
Fabrics. AIRX combines unparallele
strength with a zero porosity finish
resulting in spinnakers that display
reduced stretch and outstanding
performance,

With 10 styles to choose from there
Is an AIRX fabric ideal for your
application; From tha incredibly |igh
AIRX-400, developed specifically fo
AC, to the tough and durable AIRX
800, used for Volve and Open 60.

AIRX has been usad 1o win many

World Charmplonships ranging from
Farr 40 and Mumm 30 to 18f Skiff,
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