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General Aerodynamic Principals   
 
Drag 

 

A simple definition of aerodynamics is the study of the flow of air around and 
through a vehicle, primarily if it is in motion. To understand this flow, you can 
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visualize a car moving through the air. As we all know, it takes some energy to 
move the car through the air, and this energy is used to overcome a force 
called Drag. 

 

Drag, in vehicle aerodynamics, is comprised primarily of two forces. Frontal 
pressure is caused by the air attempting to flow around the front of the car. 
As millions of air molecules approach the front grill of the car, they begin to 
compress, and in doing so raise the air pressure in front of the car. At the 
same time, the air molecules travelling along the sides of the car are at 
atmospheric pressure, a lower pressure compared to the molecules at the 
front of the car. 

 

Just like an air tank, if the valve to the lower pressure atmosphere outside the 
tank is opened, the air molecules will naturally flow to the lower pressure area, 
eventually equalizing the pressure inside and outside the tank. The same rules 
apply to cars. The compressed molecules of air naturally seek a way out of 
the high pressure zone in front of the car, and they find it around the sides,  
top and bottom of the car. See the diagram below. 

 

 
 

Rear vacuum (a non-technical term, but very descriptive) is caused by the 
"hole" left in the air as the car passes through it. To visualize this, imagine a 
bus driving down a road. The blocky shape of the bus punches a big hole in 
the air, with the air rushing around the body, as mentioned above. At speeds 
above a crawl, the space directly behind the bus is "empty" or like a vacuum. 
This empty area is a result of the air molecules not being able to fill the hole 
as quickly as the bus can make it. The air molecules attempt to fill in to this 
area, but the bus is always one step ahead, and as a result, a continuous 
vacuum sucks in the opposite direction of the bus. This inability to fill the hole 
left by the bus is technically calledFlow detachment. See the diagram below. 
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Flow detachment applies only to the "rear vacuum" portion of the drag 

equation, and it is really about giving the air molecules time to follow the 
contours of a car's bodywork, and to fill the hole left by the vehicle, it's tires, 
it's suspension and protrusions (ie. mirrors, roll bars). If you have witnessed 
the Le Mans race cars, you will have seen how the tails of these cars tend to 
extend well back of the rear wheels, and narrow when viewed from the side 
or top. This extra bodywork allows the air molecules to converge back into the 
vacuum smoothly along the body into the hole left by the car's cockpit, and 
front area, instead of having to suddenly fill a large empty space. 

 

The reason keeping flow attachment is so important is that the force created 
by the vacuum far exceeds that created by frontal pressure, and this can be 
attributed to the Turbulence created by the detachment. 

 

Turbulence generally affects the "rear vacuum" portion of the drag equation, 
but if we look at a protrusion from the race car such as a mirror, we see a 
compounding effect. For instance, the air flow detaches from the flat side of 
the mirror, which of course faces toward the back of the car. The turbulence 
created by this detachment can then affect the air flow to parts of the car 
which lie behind the mirror. Intake ducts, for instance, function best when the 
air entering them flows smoothly. Therefore, the entire length of the car really 
needs to be optimized (within reason) to provide the least amount of 
turbulence at high speed. See diagram below (Light green indicates a 
vacuum-type area behind mirror): 
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Lift (or Downforce) 
 

One term very often heard in race car circles isDownforce. Downforce is the 
same as the lift experienced by airplane wings, only it acts to press down, 
instead of lifting up. Every object travelling through air creates either a lifting 
or downforce situation. Race cars, of course use things like inverted wings to 
force the car down onto the track, increasing traction. The average street car 
however tends to create lift. This is because the car body shape itself 
generates a low pressure area above itself. 

 

How does a car generate this low pressure area? According to Bernoulli, the 
man who defined the basic rules of fluid dynamics, for a given volume of air, 
the higher the speed the air molecules are travelling, the lower the pressure 
becomes. Likewise, for a given volume of air, the lower the speed of the air 
molecules, the higher the pressure becomes. This of course only applies to air 
in motion across a still body, or to a vehicle in motion, moving through still air. 

 

When we discussed Frontal Pressure, above, we said that the air pressure 
was high as the air rammed into the front grill of the car. What is really 
happening is that the air slows down as it approaches the front of the car, and 
as a result more molecules are packed into a smaller space. Once the 
air Stagnates at the point in front of the car, it seeks a lower pressure area, 
such as the sides, top and bottom of the car. 

 

Now, as the air flows over the hood of the car, it's loses pressure, but when it 
reaches the windscreen, it again comes up against a barrier, and briefly 
reaches a higher pressure. The lower pressure area above the hood of the car 
creates a small lifting force that acts upon the area of the hood (Sort of like 
trying to suck the hood off the car). The higher pressure area in front of the 
windscreen creates a small (or not so small) downforce. This is akin to 
pressing down on the windshield. 

 

Where most road cars get into trouble is the fact that there is a large surface 
area on top of the car's roof. As the higher pressure air in front of the wind 
screen travels over the windscreen, it accellerates, causing the pressure to 
drop. This lower pressure literally lifts on the car's roof as the air passes over 
it. Worse still, once the air makes it's way to the rear window, the notch 
created by the window dropping down to the trunk leaves a vacuum, or low 
pressure space that the air is not able to fill properly. The flow is said 
to detach and the resulting lower pressure creates lift that then acts upon the 
surface area of the trunk. This can be seen in old 1950's racing sedans, 



VEHICLE BODY ENGINEERING 
JDK 

 

 

 

 
 
 

 

where the driver would feel the car becoming "light" in the rear when travelling 
at high speeds. See the diagram below. 

 

 
 

Not to be forgotten, the underside of the car is also responsible for creating lift 
or downforce. If a car's front end is lower than the rear end, then the widening 
gap between the underside and the road creates a vacuum, or low pressure 
area, and therefore "suction" that equates to downforce. The lower front of the 
car effectively restricts the air flow under the car. See the diagram below. 

 

 
 

So, as you can see, the airflow over a car is filled with high and low pressure 
areas, the sum of which indicate that the car body either naturally creates lift 
or downforce. 

 

Drag Coefficient 
 

The shape of a car, as the aerodynamic theory above suggests, is largely 
responsible for how much drag the car has. Ideally, the car body should: 

 

 Have a small grill, to minimize frontal pressure. 
 Have minimal ground clearance below the grill, to minimize air flow 

under the car. 
 Have a steeply raked windshield to avoid pressure build up in front. 
 Have a "Fastback" style rear window and deck, to permit the air flow to 

stay attached. 
 Have a converging "Tail" to keep the air flow attached. 
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 Have a slightly raked underside, to create low pressure under the car, in 
concert with the fact that the minimal ground clearance mentioned 
above allows even less air flow under the car. 

 

If it sounds like we've just described a sports car, you're right. In truth 
though, to be ideal, a car body would be shaped like a tear drop, as 
even the best sports cars experience some flow detachment. However, 
tear drop shapes are not condusive to the area where a car operates, 
and that is close to the ground. Airplanes don't have this limitation, and 
therefore teardrop shapes work. 

 

What all these "ideal" attributes stack up to is called the Drag 
coefficient (Cd). The best road cars today manage a Cd of about 0.28. 
Formula 1 cars, with their wings and open wheels (a massive drag 
component) manage a minimum of about 0.75. 

 

If we consider that a flat plate has a Cd of about 1.0, an F1 car really 
seems inefficient, but what an F1 car lacks in aerodynamic drag 
efficiency, it makes up for in downforce and horsepower. 

 

Frontal Area 
 

Drag coefficient, by itself is only useful in determining how "Slippery" a vehicle 
is. To understand the full picture, we need to take into account the frontal area 
of the vehicle. One of those new aerodynamic semi-trailer trucks may have a 
relatively low Cd, but when looked at directly from the front of the truck, you 
realize just how big the Frontal Area really is. 

 

It is by combining the Cd with the Frontal area that we arrive at the actual 
drag induced by the vehicle. 

 

Aerodynamic Devices   
 
Scoops 

 

Scoops, or positive pressure intakes, are useful when high volume air flow is 
desireable and almost every type of race car makes use of these devices. 
They work on the principle that the air flow compresses inside an "air box", 
when subjected to a constant flow of air. The air box has an opening that 
permits an adequate volume of air to enter, and the expanding air box itself 
slows the air flow to increase the pressure inside the box. See the diagram 
below: 
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NACA Ducts 
 

NACA ducts are useful when air needs to be drawn into an area which isn't 
exposed to the direct air flow the scoop has access to. Quite often you will see 
NACA ducts along the sides of a car. The NACA duct takes advantage of 
the Boundary layer, a layer of slow moving air that "clings" to the bodywork 
of the car, especially where the bodywork flattens, or does not accellerate or 
decellerate the air flow. Areas like the roof and side body panels are good 
examples. The longer the roof or body panels, the thicker the layer becomes 
(a source of drag that grows as the layer thickens too). 

 

Anyway, the NACA duct scavenges this slower moving area by means of a 
specially shaped intake. The intake shape, shown below, drops in toward the 
inside of the bodywork, and this draws the slow moving air into the opening at 
the end of the NACA duct. Vorticies are also generated by the "walls" of the 
duct shape, aiding in the scavenging. The shape and depth change of the 
duct are critical for proper operation. 

 

 
 

Typical uses for NACA ducts include engine air intakes and cooling. 
 

Spoilers 
 

Spoilers are used primarily on sedan-type race cars. They act like barriers to 
air flow, in order to build up higher air pressure in front of the spoiler. This is 
useful, because as mentioned previously, a sedan car tends to become 
"Light" in the rear end as the low pressure area above the trunk lifts the rear 
end of the car. See the diagram below: 
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Front air dams are also a form of spoiler, only their purpose is to restrict the 
air flow from going under the car. 

 

Wings 
 

Probably the most popular form of aerodynamic aid is the wing. Wings 
perform very efficiently, generating lots of downforce for a small penalty in 
drag. Spoiler are not nearly as efficient, but because of their practicality and 
simplicity, spoilers are used a lot on sedans. 

 

The wing works by differentiating pressure on the top and bottom surface of 
the wing. As mentioned previously, the higher the speed of a given volume of 
air, the lower the pressure of that air, and vice-versa. What a wing does is 
make the air passing under it travel a larger distance than the air passing over 
it (in race car applications). Because air molecules approaching the leading 
edge of the wing are forced to separate, some going over the top of the wing, 
and some going under the bottom, they are forced to travel differing distances 
in order to "Meet up" again at the trailing edge of the wing. This is part of 
Bernoulli's theory. 

 

What happens is that the lower pressure area under the wing allows the 
higher pressure area above the wing to "push" down on the wing, and hence 
the car it's mounted to. See the diagram below: 

 

 
 

Wings, by their design require that there be no obstruction between the 
bottom of the wing and the road surface, for them to be most effective. So 
mounting a wing above a trunk lid limits the effectiveness. 
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Aerodynamic Design Tips   
 

 Cover Open wheels. Open wheels create a great deal of drag 
and air flow turbulence, similar to the diagram of the mirror above. 
Full covering bodywork is probably the best solution, if legal by 
regulations, but if partial bodywork is permitted, placing a 
converging fairing behind the wheel provides maximum benefit. 

 Minimize Frontal Area. It's no coincidence that Formula 1 cars 
are very narrow. It is usually much easier to reduce FA (frontal 
area) than the Cd (Drag coefficient), and top speed and 
accelleration will be that much better. 

 Converge Bodywork Slowly. Bodywork which quickly converges 
or is simply truncated, forces the air flow into turbulence, and 
generates a great deal of drag. As mentioned above, it also can 
affect aerodynamic devices and bodywork further behind on the 
car body. 

 Use Spoilers. Spoilers are widely used on sedan type cars such 
as NASCAR stock cars. These aerodynamic aids produce 
downforce by creating a "dam" at the rear lip of the trunk. This 
dam works in a similar fashion to the windshield, only it creates 
higher pressure in the area above the trunk. 

 Use Wings. Wings are the inverted version of what you find on 
aircraft. They work very efficiently, and in less aggressive forms 
generate more downforce than drag, so they are loved in many 
racing circles. Wings are not generally seen in concert with 
spoilers, as they both occupy similar locations, and defeat each 
other's purpose. 

 Use Front Air Dams. Air dams at the front of the car restrict the 
flow of air reaching the underside of the car. This creates a lower 
pressure area under the car, effectively providing downforce. 

 Use Aerodynamics to Assist Car Operation.Using car 
bodywork to direct airflow into sidepods, for instance, permits 
more efficient (ie. smaller FA) sidepods. Quite often, with some 
for-thought, you can gain an advantage over a competitor by 
these small dual purpose techniques. 

 

Another useful technique is to use the natural high and low 
pressure areas created by the bodywork to perform functions. For 
instance, Mercedes, back in the 1950s placed radiator outlets in 
the low pressure zone behind the driver. The air inlet pressure 
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which fed the radiator became less critical, as the low pressure 
outlet area literally sucked air through the radiator. 

 

A useful high pressure area is in front of the car, and to make full 
use of this area, the nose of the car is often slanted downward. 
This allows the higher air pressure to push down on the nose of 
the car, increasing grip. It also has the advantage of permitting 
greater driver visibility. 

 

 Keep Protrusions Away From The Bodywork.The smooth 
airflow achieved by proper bodywork design can be messed up 
quite easily if a protrusion such as a mirror is too close to it. Many 
people will design very aerodynamic mounts for the mirror, but will 
fail to place the mirror itself far enough from the bodywork. 

 Rake the chassis. The chassis, as mentioned in the 
aerodynamics theory section above, is capable of being slightly 
lower to the ground in the front than in the rear. The lower "Nose" 
of the car reduces the volume of air able to pass under the car, 
and the higher "Tail" of the car creates a vacuum effect which 
lowers the air pressure. 

 Cover Exposed Wishbones. Exposed wishbones (on open 
wheel cars) are usually made from circular steel tube, to save 
cost. However, these circular tubes generate turbulence. It would 
be much better to use oval tubing, or a tube fairing that creates an 
oval shape over top of the round tubing. See diagram below: 
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• \Vhen dinulli(; 1es1sare perfonn('() wi th ( ong.) lf'<lin 

coaches the wind spee.d on tlle. side of the coaches 

has 10 be set as for tlle radiator test with buse.s. 
 

16.1.7 Typical Vehicle Wind Tunnels 

 
C assification of \!'/ind  Tunnels 

for  Vehicle Aerodyna mics 

Jo the motor ndus.ll'y and tesear(;h 01'g<:mi2atiol'L ::i  a1-ge. 

val' ery  of wind tun11els arein oper.u on.A hhough 1hei1· 

objec ts-.namely cars and ligJu-dutx trucks. arevery sim.i· 
lar.the varictyo(1hedesign of wind lunnclsissurpriing.. 

In order lo provide " survey they will b: clasi llcd jn10 

four categories: 

• large full scale 

• small fu ll scale 
• 1hcnn;1I 

• .;mull sc:1le. 

Each will be characteritc<l b)' oue -!xa1nple. Add  

Lionally. sonle :.man design detajls willbee1uphasized. 

For further details see I 16.J 1.where lhe major fu ll scale 

 

 

 

F g.16.29 Aeto--acoust e wi1ld tuo11d ;.11 JVK (lflel' I16.201). Cre>ss 

section AN = 22.5 m. maximum wind '>I Vm11-. =257 km/h, 

SPt.:u 140km/h = 69dB(.4.),ji11e·bel1.lvs1em. ro1:uing wheels 

 
hig.h frcqucnde are dllmpcd hy por<J US pol)C.'.itcr fu:un 

(Fig. l6.30b). The A-wc.ig,htcd sdf4  noise kvcl (SPL) 
measul'ed')11/ of }low and plotted versus llinel speed 

(Fig.l6.3I ) isa proof oflhe effecth-eness of thisconcep1. 

The IVK acro·ncoustic w indcunncl is 110\\'0ncof thcqui4  

ctcst ru ll-scalc wind cunncls ever bu.ill fPig, 16.3l).The 

wind tunnels worldwide arc colJlpilcd, andsome arc de· maximum wimJ speed (>f the 1unnd \Vas only reduced 
scribed. n Europe. vehicle:•erodynamicis1s prcrcr in 

vpcn tcSI sec1ion. and this l)'pc is :;nduully gaining 

pl'efcre1'cei1' the US. 1\- ll but 011e of the wind tunnels  

d scus.'.>ed have rulopen 1es.1section. 

 

large Full-Scale Aerodyna 1nlc 
and Ael'o-Acoustic Wind Tunnels 

A 1ypil.'.allarge fuU- cah:: Yehidi: wind 1.unnds i.-, thal of 

I.he lnslitu l l'Ur Verbrefmu.ng.<;111(.)tOre u uud K roftfahrwt: 

n  (IVK).;u the Univetsity of Stungal'L iiwas erected in 

191!!>. when the wind tunnel bui lL by Ka11m in 1939 had 

lo be given to Onimh.r·Bcnz AG. 1"hc air circuit (GOtri11· 

81f" type:;:) ll)g_c1hc:r with i$ m::iin dimcnsic:ris an:com ilctl 

in r:ig.16.29.The cross sectiou of 1h  jct s 22.5in-. 

OriginaUy. this wind 1uu11el w-as built as 1 purely 

;l. e1udynainic facility. aJld as such it came i1110 se.r 
vicc in 1988; the 1naximum wind speec. was 270 kn1/ h 

( 168 ntph). However. provision was n1ndc ror later 

imprtJVCm(:lll$ lO CXpnntl !he tC!:iling f)OS$ibililiCS (lf the: 

Lu011d h) itl:(ludc wi11J-11oi:.ciln'C  ti.;;utiob {16.201.Thi:. 

upgradi:- w:is perfo1'n-lt din 1993 \\'ilh anovel si encing 

con.i:-ep1. The ajr path (Fig_. 16.29) shov.•s how the f'.ln 

noise is lo<'ked;,,.Bolh cross legs, (I)IUld (2). 1ogether 

\Vith 1hcir turning \'!mes :'IC: :1<; U·bcnc silencers. The 

b)' 7 l:.m/h by the d unpiOS 111e<1sures. 

Anothe,r out'>1anding pl'operty or the fVK wind 1un· 

nel is its ground huu lat ion.called theji1 •e- be:r swHt•nt. It 

is made up of ;t narmn·bch (1tarrou·c-ompar·d 10a belt 

lhat spnns the cnlirc wid1h of the tcs1 scc1·k·n ) moving 

bet ween the whee l tracks and four milli belts. one un 

der each wheel. Together with a system ol tangential 

blowing and basic suct on the boundary layer under 

neath lhe vehic le can be almost conlpletel reino\•ed. 

;1nd lhc wheels can be romlcd. both up co IJ:t( full wind· 

lunnd speed..I.Pt>lthoff,the dc:-s1gnc.r of 1bi'> ,;ys1cm and 

a similurun.: fur the .snml l-st:1le wind1un n.:I of IV K, has 

prcsemed a de.sc1·iption 1.16.2 1) aod th<.tughu fo1·future 

develop1nen1. 

 

Small Full-Scale Aero-Acoustic Wind Tu n nels 
The fir.;t .small full scale wind tunnel (AN= 1 1 .751112) 

built J'OrVehicle <lcrOdynaJlliCS WtlS de::.igned (•IIbeha l fOf 

the Italian designer Pin nf:lrilla by 1Wore11; (1971) ll6.3J. 
(ulluwOO Uy th  a1·u;.1i . u t i1.: wirnJ luum:l (AN    I 01111) 

designed on behalf of BM\V by LJ.Janssen ( 1988),both 

wi1h an air p:11h accoT(i ing to Eiffel. 
(n 1999 the small full-scnlc acn• acous1i'wind tun- 

11el at A udj AG became. op..:rutjo oal[16.22J.IL air puth 

plenu m (3) is covered with 11oi:>C 1tb:iC•;rbing elements  is reproducedin fig.16.32 ( AN = 11 m2).B:1sed on 1he 

kiitl uuL for two frequenl.'.y ranges. In Lhe low r.mgc. 

80-200 Hz.. tht:. fa11 noi :;e is d unpe.d by the no\re.l 1uem 
brane absorber sketchediu f-l< g. 16.30 1.The midd eand 

correction method developed by 1'4en*cr 1.nd lVic•de# 

11101111 H6.4 f the din1cnsioo& of the test sc;;tion "'·ere 
fixed  1s to mini1nize correct ions.The: 1u111ing  'lnC!i  in 
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io6   Part C ISpecific Experimental Environmen ts and Techniques 

 

•) b) 

           /  

fig.16.JOa ,b  \Vind uoi.st1neu uatiu1:i111he at•ro..acouslic wind ruund at FKFS:(a) bn><tdband absorb.:r.(b}cornr vanes 

covc'oo wi1h dm:ed damping roam I16.20] 

 

the 2nd a1d 3rd cotnetate desigoedas "t'ne silen.::ers to 

lock in the noise or 1he fan.The rar itself was designed 

t<l low nQisc gcncradon l I 6 23J. A can be recognized 
fron1F'ig. 16.31.1hjs, wi11d uinncl is he mos1silcnl ::it all. 

O"er t he ye.ant t he.above mc.nlbneJ wind tunnel l>f 
P nhlfnrina was (lOnve11ea into an aeroacoustic: one.ana 

upgraded. DL1e 10design lhnit;. ions it had not bee11 pos. 

s,ibJe to lock i1l lhe fan noise.Theref.)rea spe<:ial f;.ln was 

dc.,..1gncd according to n1lcs mcnuoocd in Sect. 16.1 .4. 

 
Therma lWind Tunnels 

for each new vehicle 1wu thel'Ou) sy:Htn's h t\'C 10 be 
developed a.11d tested: 

 

• engine cooling, rad a1orand Sc\·er.11 •cm ciu himgc.ri> 

• h   •lting. '-'\!ntik11io11.und ;.1ir Conditionins(l.JVAC). 
 

For the fonner a hot climuc is needed. for the latter 

ho1 and cold,including runhcr diin:.ue p.:tramet cn; such 

a humidit y.i.unl ght, ruin.nnd ))now. A::cordi ngl}• t wo 
Noi level is now not as low IS i11 newer nero ncom•· type-$ of willd tunnels have.been built: 
t ic tunnels;: however. it i s luw eno1gh to pcrfonn nen) 

acousticin"estigatjons of all kind.To increase [Op wind 
speed rrom I50km/h to 260 km/ h the semi circ e al'ch 
in 1he open return path W;.lsjillell with 13 u.x iaJ blowers 

(Fig.16.33\. 

• purely hot nmneloi 

• hol:)nd cold hmnds. 

\Vith regard to their size {cross sec1 on AN}, three 

lodnds of wind tunnels can be dislingujsticd: 
2 

• 10-1'2 m for full .siic 1n1ck,oi <ind huses; 

 

 
 

....

. 

• 61n2 fo1·cats: 

• ::; 4 m2 for radiator tests \vilh cars. 

Generally 1hc :'ir p 1thfor;1ll 1h cscltumcl:; isa closed 
ret u rn ( G011i11gen) t ype.us Sh()wn in Fig. 16.34, md the 

test section ii. open. Com parati\·f tc.s1s confirmed the. 

nforementio11ed finding thal ground sirnulation c.an be 

iu1pt:;irigid iluur i:-. _su llh il n•. 

Representative of the first category tr!! the two Fi::ii 

thermo tunnc:Loi fJ 6.'24 1.They:lrC parl of :t wind-tunne l 
2 

;:i. cCnler including ll 31 m nonuul wind tunnd. One of the 

n "-----------------. two 12111'.! 1uJute.ls; is; l aid out for high tcft1f'>enllt11'C$ an d 

.... 
en 

I) .$1) i(K• 15-
0 

1:1) 3(11> 

\\'iod (km/h) 
Sl1nligh1 simu1mioo (hot tunnel). the other ror cold en· 

vironn1em (cold tunnel).Equipped withd)•nan1ometers. 
;:.. fig.t6.31 t-itc 1sured ou1-or-now SPI.. of sc\'Ct;il open je1 

wind rnnncls (source A udiA<.f) 

this pair of wind iunncl:; is well suited for :ill kinds or 
thc:rm:il ICSI'>. 

S,,PL 

(d8(A)I 
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The test section of the supersonic tunnelis placed at the end of the diffuser. 

From a consideration of conservation of mass for a compressible flow, 

we can design the test section to produce a desired velocity or Mach 

based on the area in the test section. On the figure we note the changes 

in Mach number,velocity and pressure through a supersonic wind tunnel 

design. 

Notice that in both supersonic and subsonic designs,the velocity is 

increased and the pressure is decreased relative to the station upstream 

of the test section. In a subsonic tunnel the area is contracting into the 

test section; in a supersonic tunnel the area is increasing. 
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3. Type 3 classification 

x  The criterion for classification is the purpose for which the wind 
tunnel is designed : research or education. 

x If the wind tunnel is for research it is called a research wind tunnel. 

x If however, it is designed to be used for education, then,it is called an 
educational wind tunnel. 

4. Type 4 classification 

x The criterion for classification is the nature of the flow: 
laminar vs.turbulent flow. 

x Boundary- layer wind tunnels are used to simulate turbulent flow 
near and around engineering and manmade structures . 
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IC The tunnel will have a working section where the air flows over the 

models. 

IC This working section will be of uniform cross-section. 

IC Its size must be such that the flow pattern over the model is only 

marginally influenced by the presence of the walls of the working 

section. 

IC The rule is "the larger the better" but cost sets a constraint on size. 

IC    The shape of the cross-section of the working section is influenced by 

what is to be tested. 

IC  For example a model of a racing car would be tested in a tunnel where 

the working section is much wider than it is high whereas an aerofoil will 

be tested in one that is higher than it is wide. 

1C Engineers,who frequently have to exercise judgme nt, like to know with 

some certainty the test conditions especially the size and shape of the 

tunnel. 
c.coomarasamy 

 

 

IC  Generally the air flowing in the empty working section should have a 

velocity that is as nearly uniform across the section as possible and that 

the flow should be as free from turbulence as far as is possible. 

1C      Turbulence can be in the form of eddies but that should not be the case 

for  a well-designed tunnel. 

IC The turbulence could also be fine grain turbulence which cannot be 

eliminated but can be minimised. 

IC  However if the tunnel is open, it takes in free air from the atmosphere 

and rejects to atmosphere. 

IC The open wind tunnelis a duct that is usually straight. 

IC Air enters one end at atmospheric pressure and at low velocity and 

leaves at atmospheric pressure. 

1C There is no reason why the air should not also leave at low velocity. 

IC  If it does, the loss of energy and therefore the power required to drive 
the tunnel, is almost entirely due to friction. 
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2. To study how to improve energy consumption by automobiles 

x They can also be used on automobiles to measure drag forces with a 

view to reducing the power required to move the vehicle on roads and 

highways. 

3. To study flow patterns 

x To understand and visualize flow patterns near, and around, engineering 

structures. 

x For example, how the wind affects flow around tall structures such as 

sky scrapers, factory chimneys, bridges,fences,groups of buildings,etc. 

How exhaust gases ejected by factory, laboratories,and hospitals get 

dispersed in their environments. 

4. Other uses include 

x To teach applied fluid mechanics, demonstrate how mathematical 

models compare to experimental results, demonstrate flow patterns, and 

learn and practice the use of instruments in measuring flow 

characteristics such as velocity,pressures,and torques. 
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The wind tunnel is used to measure fluid flow parameters.They are: 

1) measurement of air speed; 

2) veriftcation of the existence of the boundary layer over a flat plate; 

3} determination and characterization of the boundary layer over a flat 

plate; 

4) searching for evidence of turbulence in boundary ayer flow; 

5) measurement of pressure distributions around a circular cylinder in cross 
flow ; 

6}determination of the viscous wake behind a circular cylinder in cross flow; 

7) determination of lift and drag force&around airfoils; 

8) reduction of drag by the introduction of turbulence in the boundary layer; 
and 

9) determination of the Richardson's annular effect in flow through a duct. 
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