aerodynamika osobniho
automobilu |

Poznamky k prednasce




Tekutiny

 tekutina: plyny, kapaliny
* |dealni tekutina, tekutina bez
vnitfniho treni, (nestlacitelna)

 klasicka realna tekutina ma vzdy
vnitrni treni




Pohyb tekutiny

popis pomoci pole: kazdemu bodu
uvazovaneho prostoru je prirazen urcita
veliCina.

vektor rychlosti vV =Vv(x, ), z)
vektor zrychleni

(priklad vektorovych poli)

hustoty 0=p0(x,v,z)
entropie, teploty...

(priklad skalarnich poli)




Pole rychlosti
vV =v(x,y,2)




viskosita

pole rychlosti

v(2)=(0,v,(2), 0)

Fra, =(0,0F,, ,0)
Frp, =OxAyT
ov (z)
T =n—
T 0z




pohybova rovnice vazke tekutiny

* || Newtonuv pohyb. zak. soucin zrychleni a
hmotnosti Castice je dan souctem vsech
sil, které na castici pusobi

ma=F, +F, +F +....

tthova viskosita

Objemovy element tekutiny AV =AxAyAz

Hmotnost objemového elementu &m = pAV




pohybova rovnice vazke tekutiny

Fu =BV [ = =BV grad p(x, y,z)

=NV f, =NV P8

tthova

= AV nAv

tthova

F._=AVT

VISC. VISC.

AV = AxAyAz




pohybova rovnice vazke tekutiny

—

mda — Elak +F,

tzhava viskosita

AVpa=-AV grad p+AVpg+AVnAyv

pa=-grad p+pg+1nhAv




tlakova sila v tekutiné £, =F +F,
F(yl) :(O,p(yl)AXAZ,O)

“ = F(y,) = (0, p(y,)xAz, 0)
Fy,AV — AXAZ(p(yl) _p(yz))

it

=8

\

SIS Y Vs AxAZ(p(yl)y— p(1,))




tlakova sila v tekutiné

F,ny =&xBz(p(y,)— p(y,))
F, ny =—DxDz(p(y,) = p(0))
F, =-Dxlcly (P(»,) —pP(N))

— n
F, =-AV (P +By)—p(W))
’ Ay




tlakova sil v tekutine

FyAV :_AV (p(yl +Ay)_p(yl))
, Ay

f = lim Fy,AV = —lim (p(yl-l-Ay)_p(yl))
Y

A Ay,Az -0 N\ Ay -0 Ay

£ =—lim (PO +&)—p()) __0p
AT Ay 0y
- 2) = op . ap . Op._

= —orad p(x,y, +—¢ +—e¢
J =—grad p(x,y Pt oy s




Navier Stokesova rovnice
pohyb vazke tekutiny
Dv

p_ — _gradp +IO§ T qvisc
Dt |

oV VXrotv = —lgmdp +lgmzcz’v2 + g +1Av
ot 0 2




Bernoulliova rovnice pro

nlestlaéitelnou Idealni tekutinu
5,0\/2 + p+hpg = konst

soucet kinetické energie + potencialni energie
objemove jednotky a tlaku je podel proudnice

pro stacionarni proudeni nestlacitelné idealni

tekutiny konstantni

stacionarni proudeni
nestlacitelna tekutina
proudeni beze ztrat (zisku) mechanicke energie




Bernoulliova rovnice pro

stlacitelnou idealni tekutinu

]
l\/2+w+lzg:lcorzst wW=E+ p—

2 P
plati podél proudnice

w je entalpie vztazena na jednotku
hmotnosti

izentropicke stacionarni proudeni
bez ztrat (zisku) mechanicke energie




Je mozné napsat neco podobneho
| pro nestacionarni proudeni?

* Pro nestacionarni pripad je mozne vyjadrit

prvni integral Eulerovy rovnice (pohybova

rovnice pro tekutinu) za predpoladu, ze je
rychlostni pole je gradient nejake funkce.

» takové proudeni se nazyva potencialni.
 potencilalni proudeni je proudeni nevirove

Vv =grad@ rotv =rotgrad =0




* puvod odporu Odpor
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Reynolds number
~ pVL VL QL.

T I/ vA

is the mean fluid velocity (S| units: m/s)
L is a characteristic linear dimension, (traveled length of fluid, or hydraulic diameter
when dealing with river systems) (m)
u is the dynamic viscosity of the fluid (Pa-s or N-s/m? or kg/(m-s))
v is the kinematic viscosity (v = u / p) (m?#/s)
is the density of the fluid (kg/m?)
And in pipes:
Q is the volumetric flow rate (m3/s)
A is the pipe cross-sectional area (m?).

Re

o= 1,23 kg/cm
u=1,79 10-° Ns/m?
v=1,46 10 m?/s
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Relative drag

N\

(@) Blunt body

_/\

e e .

Separated flow

— =

V_

(b) Streamlined body Code
B Skin friction drag
[ ] Pressure drag




Separation

Laminar
boundary layer

Turbulent
boundary layer

e ———

Separation
Transition

Laminar
boundary layer
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Lavrmwnar Bounclary Layer

Turbulant Boundary Lanyer
Using FASTSKINZ Product




aerodynamicka sila pusobici na
karoséri osbniho automobilu
* Odpor

* bocni sila _
 vztlak (pritlak)

—

vztlak

odp

—_

I,

F

pritlak




Aerodynamicke silovy moment
pusobici na karoséri automobilu

 moment sily v
podélné ose

 moment sily ve svislé
ose

 moment sily v pricné
ose

-

pricne

—

svisle




obtékani karosérie

* smer nabihajiciho
proudu vzduchu vuci
ose automobilu=
vektorovy soucet
zaporne vzate
rychlosti automobilu a
rychlosti vetru
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koncept odpor, vztlak

Na objekt obtéekany realnou tekutinou pusobi
sila, v idealni tekutine (bez volné hladiny)
neexistuje odpor prostredi (ani vztlak)

Vztazna soustava pro popis-soustava spojena
s objektem, vyznamny smer- smer nabihajiciho,
objektem neovlivheného proudu tekutiny

Sila ve smeru nabihajiciho proudu tekutiny-
odporova sila (odpor prostredi)

Sila kolma na smér nabihajiciho proudu
tekutiny-odpor vztlakova sila (vztlak v
prostredi).




proudeni kolem objektu

* pocCitacove modelovani (slozitost
matematickeho popisu a komplexnosst
objektu)

* experiment




charakter obtekani

» tvar objektu Re =PV
* Reynoldsovo Z
Cislo Ma =~

* Machovo Cislo .
- Fr=——
* Froudovo cCislo Jgl

| chaakteristicky rozmer, g tihove zrychleni, p hustota
u dynamicka viskosita, v rychlost, c rychlost vuku




charakter obtekani

» proudeni s Re<100, viskozni sily
» proudéeni s Re>100,

* Pro velka Re koncept mezni vrstvy kde
dominuje efekt viskosity a okoli, kde Ize
proudeni uvazovat za proudeni neviskozni
tekutiny. Ludwig Prandtl 1875-1953




Hybridni automobil vyssi tridy

Lexus GS 450hRED

délka 4,826m Koeficient odporu c,=0,27
Sitka 1,821m spotreba
vySka 1,425 dalnice/mésto 9,4/10,7

pohotovostni hmotnost
1875 kg




Obtékani se vznikem viru

rovna deska




Obtekani objektu se skosenou
stenou




) Obtekani s
nosnym virem







Bernoulliovsky pritlak




A. Flat plate at angle of attack

L




Audi A8 0,28 2,25
Porsche 911 0,33 1,86
Mercedes ¢ 200 0,30 2,05

D




Effect of some modifications on
care aerodynamics

Lowering vehicle height by 30 mm.
Smooth wheel covers

Wide tires

Windows flush with exterior
Sealing body gaps

Underbody panels

Concealed headlamps

Outside rearview mirrors

Airflow through radiator and engine compartment
Brake cooling devices

Interior ventilation

Open windows

Open sunroof

Roof-mounted surfboard rack

approx. -5 (better car aerodynamics)
-1...-3 (better car aerodynamics)

+2...+4 (worse car aerodynamics)
approx. -1 (better car aerodynamics)
-2...-5 (better vehicle aerodynamics)
-1...-7 (better vehicle aerodynamics)
+3...+10 (worse vehicle aerodynamics)
+2...+5 (worse aerodynamics)

+4...+14 (worse vehicle aerodynamics)
+2...+5 (worse car aerodynamics)
approx. +1 (worse car aerodynamics)
approx. +5 (worse vehicle aerodynamics)
approx. +2 (worse vehicle aerodynamics)
approx. +40 (worse vehicle aerodynamics)




Airflosw in profile for the Missan R3S GTR




o http://www.thetruthaboutcars.com/2010/02
/an-illustrated-history-of-automotive-
aerodynamics-part-3-finale/

 http://en.wikipedia.org/wiki/Automobile dra
g_coefficient#See also







By Chuck Squatriglia

See related story: Design Under Constraint: How Limits Boost
Creativity

03.10.09

Everything about the Tatra T77a was cool, from its flowing lines to
the V8 engine mounted way out in back. It was built in Prague, and it
had a Cd of 0.212 — amazing even today but phenomenal when the
car was built in 1936. All these years later it still looks better than
anything in Chrysler's lineup.

Read More
http://www.wired.com/cars/coolwheels/multimedia/2009/03/qgallery a
erodynamic?slide=6&slideView=2#ixzz18B2Adbt7




cx = 0,212

HANS LEDVINKA,
ERICH UBERLACKER
TATRA 77, 1934—35

The Tatra 77 was the first
mass-produced limousine
with a streamlined body In
the world, with an air-
cooled eightcylinder
engine mounted at the
rear, and it caused a
sensation at the 1934
Berlin Autosalon. Its
teardrop shape proved
that aerodynamics could
significantly improve
speed. The car also had a
central headlamp that
turned with the front
wheels.




cx = 0,212




cx=0,163
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TATRA “77" LA VOITURE ELEGANTE
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aptera Cd 0.15




cd 0.57 26,5 sq.ft.




EV 1cd0.195




cx 0,195




1,381/ 100 km, 36 g C per km







 The L1 concept is shorter than a VW Fox and lower than
a Lamborghini. When it goes into production in 2013, it
will be the most aerodynamic car in the world and, at just
840Ib, the lightest.

 ltis built of the most exotic materials, with slippery
carbon-fibre coachwork, a fighter aircraft’'s cockpit
canopy and rear-view television cameras instead of wing
mirrors.

* lts tiny, 800cc engine is one half of a VW 1.6-litre TDI
turbodiesel unit, which delivers maximum power of 29
brake horsepower together with a 14 horse power
electric motor to provide extra oomph for overtaking.




cx = 0.39




* The L1 is capable of 99mph and 0-62mph
acceleration in just 14.3sec and emits
carbon dioxide at the parsimonious rate of
just 39g/km, meaning free road tax in the

UK.

* In fact if the average British motorist
swapped his 35mpg hatchback for an L1,
he would reduce his annual fuel bill from
about £1,430 to about £277.










Koeficienty aerodynamickych
odporu
* http://www.martin-
tlusty.euweb.cz/htm/CarAerodCz.htm

e http://www.recumbents.com/car aerodyna
mics/

 http://www.electrifyingtimes.com/gmprece
pt.html
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vliv spodku vozu

» 25% celkového aerodyn. odporu.




rear end
* Minimized body seams
* Optimized rear view mirrors

e Substitution of rear view mirrors with
cameras

» Smooth underbody




