
CHAPTER NINE

COOLING AND
INTERNAL AERODYNAMICS

Figure (59): Conversion of single pass water
radiator to double pass.

that aspectfirst.
Obviously what we want here is the maximum cooling

area within the minimum physical dimensions. By con-
centratingliquid tubesand air fins we can achievea surface
areaof well over 100 times the frontal areaof the heatex-
changerand still maintain efficient air flow. It's not quite
thatsimple(it neveris). Efficient designmeansnarrowair fin
passagesand lots of them plus excellent thermal transfer
betweenthe liquid tubesand the air fins. The designermust
havea prettygoodideaof theviscositiesof the two fluids in-
volved and their flow rates, as well as the expected
temperaturedifferential betweenthe fluids and the amount
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HEAT EXCHANGER CHARACTERISTICS

Every transferof heat betweentwo fluids-andwhat we
are trying to do is to transfer a percentageof the heat of
combustionfrom the two cooling fluids to theairstream-is
directly proportional to the mean temperaturedifference
betweenthe two fluids, to the areaof interfacebetweenthe
two fluids and to the volume of the cooling fluid flow. In
other words, in order to increasecooling we must increase
thesurfaceareaof oneor both sidesof theheatexchangeror
we must increasethe volume of the airflow per unit time
throughthecore.Maximumareaof thecoolinginterfaceis a
questionof heatexchangerdesign,and we'll briefly look at

COOLING AND INTERNAL AERODYNAMICS

The very first priority in the design of any racing car
shouldbe the provision of adequateenginecooling.If thecar
won't cool it cannotbedriven long enoughto find out if it is
capableof doing anything else. Further, the entire budget
will soon be consumedin the rebuilding of cookedengines.
We run into two problems here-onehaving to do with
humannatureand theotherwith geographyandtheseasons.
The first is that cooling provisions,for reasonswhich escape
me, tend to be both afterthoughtsand underestimates.The
secondis that mostof our racingcarsaredesignedto be run
in Englandwhich is a relatively cool Island andaretestedin
theearly springwhen it is just downrightcold. This last bit is
also true of U.S. maderacers.The car whoseoil and water
temperaturesstabilizeat 85° C. at Snettertonin March is
very likely to be pronouncedsatisfactoryand releasedfor
production.Doubtlessthis is dueto theeuphoriawhich often
clouds early testing-onboth sides of the Atlantic. Since
engine temperaturesenjoy virtually a one-for-one
relationshipwith the ambienttemperature,this optimism is
going to be of very little comfort to the customeron a nice
hot day at Riverside.Touring and GT car cooling packages
:ire usually designedaround far less horsepowerthan the
racecar puts out.

The internal combustionengine is thermally inefficient.
Woefully so. Dependingon engine design,between15% and
30%of the total heatof combustionmustbedissipatedto the
airstreamvia the oil and thewater(or air). This is onehell of
a lot of heat. By the way, don't assumethat the enginesare
70-85%thermallyefficient-mostof therestof theheatgoes
out the exhaustor is radiated.Getting rid of it involves the
use of heavy, bulky and expensive heat exchangesand
plumbing lines. The heat exchangersare very liable to be
vulnerable, and they are going to cost us a significant
amountof aerodynamicdrag. Both the weight and the drag
penaltiescan be minimized by efficient design.
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of temperaturedrop that the heatexchangerｭ ｾ ｳ ｴ ｡ ｾ ｨ ｩ ･ ｶ ･ Ｎ
This meansthat the design of heat exchangersIS a Job for
specialists.It alsomeansthat efficient heatexchangersare
designedfor specificapplications-orat leastspecific types
of applications.This is the reason,for example,why large
automatictransmissioncoolers,no matterhow cheapthey
may be, do a poorjob of coolingengineoil in a racecar.As a
matterof fact, they alsodo a poorjob of cooling automatic
transmissionfluid.

We don't needto know how to designheatexchangers.We
do needto know which of the availableonesaresuitablefor
our purposes-andwhy.

We areconcernedwith two separatetypesof liquid to air
heatexchangers-waterand oil-let's right now stopusing
the term, "radiator." Radiators used to be used to heat
houses.Heatexchangersareusedto cool racecars.Efficient
water units will featureflat watertubes,usuallyabout3/32"
high by 3/8" wide, they will not be in line with eachother
and the unit will featurea vastnumberof air fins. It will not
be painted-although,if it is aluminum, it should be
anodizedor havea very thin coatof baked-ontrick heatex-
changerpaint.

English cars come through with either Serck Speedor
Marston water coolers. They are both excellent units-
although they tend to be a bit thin in the core thickness
department for our conditions. Replacement cost is
ferocious. The USAC racersvirtually all use G & 0 cores
which are outstanding. Your best bet when you need a
radiatoris to find a good local shopthat stocksG & 0 cores
and havethem makeyour radiator. It costsvery little more
to go up in corethicknessand theextracoolingcapacitywill
be more than worth the additional weight and drag-the
only "Kit Cars" that I know of which had adequatecooling
for U.S. racingwere the '76 and '77 Marches.Minimum ef-
ficient core thicknessis two incheswith four inchesbeingan
absolutemaximum.

There are conflicting opinions as to the desirability of
aluminum water coolers. My own opinion is that they are
just very nearly as thermally efficient as the more popular
copperand brassunits and a damnsight lighter. I run them
when I can. They arealso moreexpensive,moredifficult to
modify and to repair. The very best aluminum units are
madeby StandardThompson,and no onecan afford them.
The Harrisonpartswhich aremadein a variety of thicknes-
sesand sizesfor Corvettesareexcellent.Modinealsomakes
some.All of theseunits can besectionedacrossthe tankson
a bandsaw to changetheir heights-ofcourseyou then get
to weld on new tank plates,but you will haveto weld in your
own inlet and outlet tubesanyway. Unfortunately, there is
nothing you can do to change the width of any of the
proprietarycoolers.The VW Rabbit comeswith a very ef-
ficient and very light aluminum unit. If the dimensionsare
suitable for your installation, it could be ideal. Due to the
elastomoricjoin betweenthe tubesandthe tank it cannotbe
modified and its pressurecapacityis limited. Use the stock
VW pressurecaps.

If you are having a minor water temperatureproblem,
convertingyour heatexchangerfrom the normalsinglepass
configuration to double passis usually worth about 5° C.
Figure (59) shows the layout and it is not necessaryto
achievea perfectsealbetweenthe blankingplateand the in-

sideof the tank. You will haveto re-routeonewaterline Or
the other. Given a choice,comein at the bottom andOut at
the top. All that happenshereis ｴｾ｡ｴ eachindividual dropof
wateris forced to passthroughtWice thetubelengthof anor_
mal singlepassradiator.

OIL COOLERS

The best oil coolers that I have found are the English
SerckSpeedunits distributedin this ｣ ｯ ｵ ｮ ｴ ｾ ｹ by Earl'sSup.
ply. They are relatively inexpensive,comeIn onewidth, one
core thicknessand severalheights.They are also available
with male AN ports which makesplumbing more pleasant
and neater.They offer betterheat rejection per unit weight
and volume, less oil pressuredrop and less aerodynamic
cooler drag per unit of heat rejection than any othercooler
which I have had tested.SouthwindDivision of the Bendix
Corporation,Air Research,and Harrison makevery good
coolers for aircraft. They are very expensive and were
designedfor higherairstreamvelocitiesthanwe reach,which
makesthema bit lessefficient thantheSerckSpeedunits for
racecar use.M odinemakesa very goodrangeof automotive
oil coolers but they are expensive,bulky and hard to find.
Mesamakesa coolerwhich, at first glance,looks similar to
the SerckSpeed.It is not similar and it is not efficient. The
aftermarket auto transmissioncoolers-all of them-are
uselessfor our purposes.As a matterof fact, you will greatly
increase the reliability of your tow vehicle, camper or
whateverif you throwawaythe transmissioncooler that is
on it and install the appropriateSerck.Sometimesyou can
get lucky and find good oil coolersin the surplushouses_
but you haveto be careful. Many of the surplusunits were
designed for stationary applications and don't work ef-
ficiently at our airspeeds.

Beforewe get away from the heatexchangerside,hereare
a few tips:

( I) Do not paint your heat exchangers.Black radiator
paint, belovedof all radiatorshops,insteadof promoting
heat transfer, actually acts as a thermal barrier and re-
ducesefficiency.

(2) Keepthe air fins straightso asnot to block the flow ._._
throughthe core. A plywood or aluminumcover, tapedin
place while the radiator is out of the car, savesa lot of
tediousfin straightening.

(3) When using multiple heat exchangersremember
that thegreaterthedifferencein temperaturebetweenthe
liquid to becooledandtheair that is doingthecooling, the
greater will be the temperaturedrop acrossthe cooler.
This has two ramificationsof interestto us. First, plumb
multiple coolersin parallel rather than in series.Second,
do not mount your oil coolersdirectly aheadof or behind
your water radiator. The air coming out of the water
matrix is just about at water temperatureand won't do
much of a job of cooling the oil and vice-versa. I am
perfectly awarethat many good racecarshavebeenget-
ting awaywith oneor theother(or both)of thesesinssince
time immemorial-butthat doesn'tmakeit right-or ef-
ficient.

(4) A heat exchangerdoesn'twork very well if the li-
quid side is full of air. This meansthat oil coolersshould
neverbe mountedwith both inlet and outlet ports on the
bottom, that every effort shouldbe madeto de-aeratethe
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tunately,a lot of this informationis not directly transferable
to race cars becausethe birdmen were concernedwith
relatively. narrow ｳ ｾ ･ ･ ､ ranges.They were not at all con-
cernedwith what might happenwhentheaircraft assumeda
yaw anglerelativeto the airstream.Neitherarea lot of race
cardesigners.They shouldbe.

Very little of currentaircraftexpertiseis valid for our pur-
poses.The aircraft aretoo fast-theyare into compressible
flow which changesthe whole picture. As with wings, what
works for themwill not work for us.

For a given heat exchanger,the rate of heat dissipation
variesdirectly with themeantemperaturedifferencebetween
the cooling surfaceand the air stream,approximatelythe .6
powerof airstreamvelocity and the .8 powerof air volume
through the core. Both thermalefficiency and internaldrag
arereducedby slowingdown theair velocity in thecore.This
means that we need high energy (i.e., laminar and high
velocity) air coming into the duct and that we want to slow
theair down beforeit getsto thecore. In orderto providean
extractoreffectandto ensurethat theexiting air is travelling
at or nearfree streamvelocity whenit rejoinsthe freestream,
we alsowant to acceleratetheair after it haspassedthrough
thecoolerandbeforeit rejoinsthe freestream.To achieveall
of this, we needa duct.

A properlydesignedduct is madeup of five partsasshown
in Figure (61). First we have an inlet which allows the
entranceof the right amountof air. The inlet is followed by
an expandingsectioncalled the diffuser in which the incom-

DYNAMIC VELOCITY VARIANCE ALONG DUCT

Figure (61): Typical ram type heat exchanger
ducts.
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ｊｈｉｾoil before it gets to the cooler and that all water coolers
must have a small diameter bleed from the top (outlet
side) back to the headertank.

Inadequateenginecooling can be causedby bad heat
exchangerdesign,inadequateheatexchangersizeor by in-
sufficient cooling air flow with the latter beingmorecom-
mon. On the water side, we can also get into trouble by
pumpingthewaterthroughthecoolertoo fast-butthat is
almostalwaysdueto runninga stockwaterpumptoo fast
and is, at any rate, beyondthe scopeof this book.

Figure (60): Drag coefficients for various cooler
installations.

AIR FLOW AND DUCTS

If we want a flow of air to cool something,we havethree
choices: We can ignore the problem and hope that it will
eithertakecareof itself or go away.We canhangtheitem to
be cooledout in the openairstream.Or we can build a duct
for it. In thecaseof liquid to air heatexchangers,we normal-
ly have somechoice in both dimensionsand designof the
cooler. In the case of ducts we have virtually unlimited
choice-which can be confusing. If you want maximum
cooling for minimum size,weight anddragyou aregoing to
have to build a duct. Hanging the thing out in the open is
hopelesslyinefficient. Figure (60) which showsthe result of
some pre World War II experimentswith the drag of
ductedandunductedheatexchangersshouldmakea believer
out of almostanyone.

Fortunatelyfor the racerthe aircraft industrydid a lot of
subsonicducting researchin the 1920sand30 s. Unfor-
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ing air follows Mr. Bernoulli's.theorem.and ｴ ｲ ｡ ｾ ･ ｳ some.of
its velocity for pressure.ThedIffuser wIll. ｡ｾｳｯ ､ｊｲｾ｣ｴ ｴｾ･ In-
comingair throughwhatever(hopefully mInImal) dIrectIOnal
changesarenecessarybeforeit reachestheobstruction(heat
exchangerin this case)in which it is heated(and therefore
expanded).Leaving the obstructionthe air flows through a
contractingchambertermed the nozzlewhich is very often
mistakenlyleft off of racecars.The purposeof the nozzleis
simply to reacceleratethe air up to free streamvelocity so
that when it rejoins the freestreamat the duct exit it will do
so in the most orderly fashion possible.Velocity differences
and/ordirection changesat the exit point invariably lead to
drag producingturbulence,which we don't need.As a point
of interest,during World War II clever peopleon all sides
of the conflict were able to use the combination of the
adiabaticheating and expansionof the air in the core plus
nearoptimum nozzleand exit designto producea net thrust
at cruising speed instead of a drag. To achieve this they
always used a variable areaexit and sometimesa variable
areaentrance,becausethe areaswhich weremostefficient at
cruising speed were inadequateat take off and landing
speeds.We cannotachievethis laudableaim for that very
reason.We arenot allowed to createmoveableaerodynamic
surfacesand even if we were, the small gain in total drag
would not be worth the trouble. In fact, all of our ductswill
end up being slightly inefficient at top speed-otherwisethe
entrance would be too small to provide cooling at the
mediumspeedswherewe spendmost of our track time.

Let's attack the duct sectionby section.The critical fac-
tors for the inlet are location,areaandedgeradius.The inlet
must be locatedin a region of high pressureand laminarair
flow. If your chosenareais not such, then you will have to
makeit suchor your duct will not work. It alsohelpsa lot to
get the inlet up off the track surfacein order to pick up cool
air. There can easily be a 20° F. differencebetweenthe air
temperatureat the surfaceof the track and ten inchesabove
the track surface.This is oneof the reasonswhy theattempts
to pick up cooling air under the nosehave always beenun-
successful.If the inlet is in the noseof the car, or raisedar-
tificially into the airstream,then we don't haveto worry, be-
ing in a high pressureregion of laminar flow unless it is
behind a downforce ledge. Virtually anywhereelse on the
car, we do. Remember that the boundary layer exists
everywhereand it gets thicker as we move toward the rear.
By definition the boundarylayer has very little energy.We
must keep it out of our ductsor our air flow volumeis going
to be much lower than we think it is-or than it could be.
The solution as shown by Figure (62) is simple enough.
Either move the duct inlet far enoughaway from the body
surfaceso that the boundarylayer can't get in or install a
splitter in the duct to direct the boundarylayer aroundthe
end of the heat exchanger.This last method requiresa gap
betweenthe heatexchangerand the bodywork. To find out
how thick the layer is you caneitheruseyarntufts on a safety
wire matrix or a simple water manometer-oryou can
guess.

If there is a way to calculatetheoptimum inlet areafor a
given racecar duct I don't know about it and I wish that I
did. Our road speedvariancegets to all of the formulas. In
theaircraft industryacceptedpracticerangesfrom 1/8 to 1/4
of the heat exchangercross-sectionalarea. For us 1/4 is

---------------

Figure (62a): Flow in duct with "knife edged"
entrance at 15° yaw angle.
about minimum and we may have to use60% for a poorly
locatedduct-asin sidemountedradiators.It is not an exact
businessand I highly recommendtesting with rough ducts
which allow both entranceand exit areasto be varied with
aluminumand tape.

Many race cars are equippedwith duct edges that ap-
proach knife edges.Thesework on hypersonicaircraft and
they are easy to make. They do not work on race cars_
particularlywhen the racecar is sideways-evenat relative-
ly moderateyaw angles.If we are sidewaysto the road we
are also sidewaysto the airstream.If we aresidewaysto the
airstream a knife edge is going to develop a turbulent
wake-quitea wide one. If this turbulenceentersa duct, the
duct, by definition, becomesinefficient for so long asthecar
is in a yaw state. Figure (62) illustrates. We deliberately
spenda lot of our track time in yaw attitudesso we must
radius the edgesof all duct intakes-generously.A radiusof
1/4" is the minimum-I/2" is a lot better.

Thediffusor is not very critical. About all we haveto do is
blend smoothly from the areaof the inlet to the areaof the
heatexchanger,keepingthe wall anglesin theeight to fifteen
degreearea-thesmallerthe anglethe better.If we mustex-
ceedthis anglebecausesufficientduct lengthis not available,
then we may haveto use internal vanesor splittersto direct
the air and keep from effectively blanking part of the core.
due to detachedflow on theduct walls.

At the heatexchangerface all we have to worry aboutis
getting as good a seal as we can without being ridiculous.
Given any kind of a chance,air will follow the path of least
resistanceand gapsbetweenthe duct walls and the heatex-
changerare definitely the path of least resistance.Sincewe
do not want the skin of the duct to rub on the heat ex-
changer,weatherstripis the answer.

As with the diffuser, the internal design of the nozzle is
very much a caseof closeenoughis good enough.The one
thing that must be avoided,however,is the all too common
practiceof askingtheair to exhaustagainsta surfacevirtual-
ly normal to Its dIrectIOn ot tlow. IhlS IS otten doneIn the
caseof front mountedheat exchangersand plays hell with
the air flow.

The exit must be in a region of lower pressurethanthe in-
let. It will only flow downhill. If a natural low pressure
region is not available, or needshelp, a small kicker plate
just upstreamof the exit will produceone. For development
testing, the exit area should be made adjustableto allow
playing until you get it right.
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BOUNDARY LAYER
(e) BLEED-OFF SLOT

(B) SPLITTER

7

t
BOUNDARY LAYER

BOUNDARY LAYER

A half way measurethat enjoyeda greatvoguefor a time
wasthe lessthancleverpracticeof hangingthewatercoolers
justoutboardof therearsuspensionradiusrods,alsowithout
a duct.

At the moment,mostof the FormulaOneBrigademount
their coolersamidships.There is no generalagreementon
the typeof ducts,but I think that theLotus is themostclever
of all-in addition to optimum placementfrom the weight
distribution point of view, they havevery efficient looking
ducts which probably generatea measurableamount of .
downforce.

We have beentalking about ram ducts.Thereis another
type, more subtle, more difficult to make work and con-
siderably more efficient. These are variously called flush
ducts, submergedducts and NACA Ｈ ｎ ｾ ｴ ｩ ｯ ｮ ｡ ｬ Advisory
Council for Aeronautics)ductsand,at onetime andanother,
havebeenextensivelyusedon racingcars.Figure(64) shows
a typical installation. The principal advantagehere is that
sincethey do not involve a hole in the noseor an additionto
frontal area they do not measurablyadd to profile or
parasiticdragexceptfor thedragor thecooleritself. ｾｨ･ｲ･ is
also liable to be lessdownstreamdisturbanceof theair flow.

The disadvantagesarethat, in orderto work they mustbe
constructedvery closelyto thed.esignlaid o.ut in Figure.(65);
they must be located in a regIOn of laminar flow With a
shallow boundarylayer; they mustbe alignedparallelto the
local air flow and they tend to ,"ike up a lot of room. If the
designerdeviatesvery much fron. any of the above,thenthe

(A) STANDOFF

BREAKING THE DUCT RULES

Changingthe direction of airflow as it passesthrough a
heat exchangercore is rightfully consideredan ｵ ｮ ｾ ｡ ｴ ｵ ｲ ｡ ｬ

act. So are a lot of other things. Quite often mounting.the
coreat an angleto thenaturalairstreamis a very convement
way to increasethe cooling area-asin Lola T 332'sand
many varietiesof USAC and Formula One.Cars. We get
awaywith this, at somecost in drag,by ｢ｲ･｡ｫｬｾｧ the rulesof
ducting. In this casea convergingor decreasingareaduct
will work better than expandingdiffuser. What happens
here,as illustratedby Figure(63b)is thattheー ｲ ･ ｳ ｳ ｾ ｲ ･ ｡ ｣ ｲ ｯ ｾ ｳ
the faceof thecoreis kept prettyconstantby al.lowlng theair
velocity to remain constantin the duct. In thiS way we get
more or less equal air flow through all areasof the core.
What is lost in efficiency is gainedback in heat ･ ｸ ｣ ｨ ｾ ｮ ｧ ･ ｲ
volume. In this casethree inchesis probablythe maximum
core thicknessbeforedraggetsout of hand.

The oncecommonpracticeof hanging ｾ ｨ ･ Ｎ oil cool.ersout
in the open at the rear of the gearbox IS indefensibleon
severalgrounds.It is aestheticallyobjectionable,ｲ ｾ ｮ ､ ･ ｲ ｳ the
coolersvulnerableto minor crashdamage(for which r.eas.on
the FIA has outlawed the custom, and other sanctIOning
bodiesshouldfollow suit), makeslong oil linesnecessaryｾ ｮ ､
createsa lot of unneededwork when gearratio changetime
comesalong. The coolersarealsovery liable to messup the
flow on the undersideof the wing.

For a while we saw a trend toward mounting the water
coolers vertically alongsidethe engine and parallel to the
longitudinal axis of the car. M r. Postlewaithe.originate?the
ideaon the Heskethne Williams and,at the time of wntlng,
the Williams still featuresthis configuration.Theideahereis
to suck the air throughthecorefrom therelativelyhigh pres-
sureareaoutsideto the relatively low pressureareainside.
Someclevernessis necessaryto makesurethat the low pres-
sureis of sufficient magnitudeto ensurean air flow. Even if
it is the cooler size has to be very large indeed-although
the ｾ ｯ ｲ ･ thicknessIS necessarilysmall. The advantagelies in
reducedcooler drag. The disadvantagesinclude increased
weight and rearwardplacementof that weight (the extreme
rearwardstaticweightdistributionof a few yearsagoturned
out to be a not so good idea from the low speedundersteer
point of view).

Figure (62b): Flow in radiused entrance duct at
15° yaw angle.

Figure (63): Alternate of preventing entrance of
boundary layer into duct.
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Figure (64): Installation of oil cooler in NACA duct.

now into the duct is dramatically reduced,the hoped for
cooling doesn'thappenand NACA ductsareonemoretime
pronouncedunsuitable for racing cars. There are obvious
areas where NACA ducts will work very well. Properly
aligned to the airstream,they will work on any forward fac-
ing part of the bodywork with a positivepressuregradient-
i.e.-an upslope or a region of increasingcross-sectional
area.Sincethe thicknessof the boundarylayergenerallyin-
creasesas we move aft from the nose of the vehicle, the
further forward the duct is located,the moreefficient it will
be. They make excellent front brake and shock cooling
ducts.They makelousy rear brakeductsbecausethe now is
almostalwaysat leastpartially separatedby the time you get
that far back(althoughthey work well on thevertical surface
of well designedFormulaCarenginecovers/airboxes.They
also work quite well on the horizontal surfaces of the
bodywork outboard of the cockpit on both Formula and
SportsRacingcarsand lesswell of the vertical sidesof the
body in the samearea(much more turbulenceand a thicker
boundarylayer). I don't favor their usefor water radiators
becauseit is not possibleto arrangethe duct dimensionsre-
quired. I do favor their usefor the muchsmalleroil coolers,
brake ducts cockpit cooling, etc.-particularlyon Sports
racing carswith their acresof bodywork.

The important aspectsof the design of the NACA duct
itself (as opposedto its location) are that the angle of the
ramp floor shouldbe kept at a maximumof ten degrees;the
ratio of duct depth to duct width shouldbe as high as prac-
tical (deepducts);theremustbea radiusedlip at the rearof
the skin openingand the duct cornersmust be kept square.
With NACA ducts as with any others,the exit region is at
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least as important as the entrance-theair must have
somewhereto go and just hoping that it will happenisn't
good enough. The duct must also be sealedand smooth.
Very often we have to makewide and shallowductswhich
will also be much shorterthan optimum design.We canget
away with all of this so long as the duct is properly located
and we pay sufficient attentionto the otherparameters.It is
also possibleto get depth by the sidesof the duct abovethe
surfaceof the bodywork but this tendsto be expensiveand
probablyisn't worth doing.

ENGINE AIR BOXES

Current practice in Formula One and Formula Two
should convince us that engine ram air boxes must con-
tribute significantly to overall vehicle performance.I am an
air box addict and have been for a long time. A properly
designedair box can do severalthings:

I ncreaseengine power by increasing the flow of air
through the engineand by providing the coolestavailable
air to the engine.

Even out the distribution of air to the intakestacks.
Smoothout the flow of air to the rearwing, thusreduc-

ing the amountof draginducedfor a given downforce.

However, it isn't easy to arrangeall of theseadmirable
features-orevenpart of them.Thedevelopmentperiodwas
both long andconfusing.For severalseasonswe sawmostof
the FormulaOneTeamstrying theair box of theweek-and
often throwing them away in practiceand running the race
with naked intakes. Finally, as so often happens,everyone
figured out the way to do it and we had a coupleof seasons
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MAKE CORNERS OF DUCT AS SHARP AS POSSIBLE
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with every team running virtually identical air boxes.These
all had very largeintakes,completewith generousradii. The
intakes invariably lived well up in the breeze-justbehind
and over the driver's head. The inlets fed large diffusors
which also servedas plenums,and the basesof thediffusors
were sealed to the intake stacks. The outside shapewas
carefully sculpted both to reduce drag and to provide a
smoothflow of air to the rearwing. Not only did they work,
they lookedgoodand they movedtheaerodynamiccenterof
pressureaft for increasedaerodynamicyaw stability.

For 1976 the C.S.I. decreedhigh air boxes illegal and
developmentstartedall over again.The air box of the week
returnedand was frequently discarded.This time, however,
previousexperiencehad convincedall the Teamsof the ad-
vantagesof a working air box and they arestartingto look
alike much soonerthan before. The exceptionsare Ferrari
and Brabham/Alphawhoseflat twelve engineswith low in-
take stacksallow the use of a really elegantsystem-they
take the air in through two large NACA ducts located on
either sideof the vertical cockpit surroundand feed it into a
low plenum neat!

The V-8 brigadehaspretty much settledon a pair of inlet
horns extending into the airstream on either side of the
driver's headand feeding a centralplenum.Theshapeof the
intakehasnot yet beenstandardized.

So what is actually requiredto make an air box work-
and why do so many of them not work?
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X MAX-18.0 .,

9.00 ｾ
1-4-----------------10.80 ｾ

Figure (65a): NACA duct co-ordinates-plan view.

Figure (65b): Layout of NACA duct-plan view.
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First, the intakemust.haveenoughareato get a sufficient
volumeof air to the engmeat low road speedwhen the ram
doesn't work. Rememberthat airflow into the box varies
with road speedwhile air requiredby the enginevarieswith
rpm. We're not trying to ram at low speeds-wearemerely
trying to avoid choking the engine.A large enoughinlet for
low speedsprobably meansthat we will over ram at high
speed.The mostcommonmethodof dealingwith this situa-
tion is to dependupon leakagebetweenthe plenumbaseand
the intake stacksor on small bleed holes in the plenum. I
personallythink thata springloaded pressurereliefwould be
tricky and I keep meaningto try it but never have.Along
theselines, it is absolutelynecessary,if you areusingcarbs,
to makesure that the float chambersare seeingthe plenum
pressure.Otherwiseyour mixture strengthis going to be so
far off that the whole exercisewill behopeless.If theair box
is really working it will also be necessaryto supplymorefuel
to the engineor you will run lean-maybeeven leanenough
to burn a piston.

Next theedgesof the intakeopeningmustbewell radiused
to avoid partially stalling the inlet at high yaw angles.The
intake must be so locatedthat it cannotbe blankedout by
someother part of the vehicle at high yaw angles.It must
also be servedby high energyair which meansout in the free
airstreamfor a ram duct or in a laminar flow areawith a
strongpositive pressuregradientfor a NACA duct. Be very
sure that your intake is not picking up the heatedair ex-
haustingfrom a heatexchangerduct-youwant the coolest
air you can find-which meansthat you want the intakeas
high asyou canget it.

If the inlet bit is straight forward, the diffusorjplenum
isn't. The purposehere is to persuadethe airflow to turn
ninety degreesassmoothlyas possibleand to providean ex-
pandingchamberin which the velocity componentof theair-
stream energy will be convertedto pressurewhich will be
equal at eachintakestack.We alsohaveto avoid turbulence
at any of the intakes.

We don't havea lot of room in which to accomplishthis-
particularly with large V-8 engines.Figure(66a)showshow
bad thingscanget and Figure(66b) showshow to do it right.
Theoreticallythe plenumshouldclearall of the intakestacks
by at least I j 2 stackdiameterand a full diameterwould be
better. This is sometimesa bit difficult to achieve. It is
probablymore important to get the shaperight and to keep
the last six to eight inchesof the vertical walls vertical. The
plenum basemust be sealedto the intake stacksand this is
usually doneby the simple expedientof settingthe baseon
top of thestacksandsealingwith foam or rubbergrommets.
There is a theory that the stacks should extend into the

plenumchamberto minimize turbulencebut it doesn'tseem
to makeany practicaldifference.

Speakingof the inlet ｳ ｴ ｡ ｣ ｾ ｳ Ｌ any ｢ ｡ ｾ ｩ ｣ air conditioning
book informs us that for maximumundisturbedflow the lip
of an inlet stackshould havea full radius.For somereason
only Cosworth, Ferrari and Porscheseem to have caught
onto this simple.fact.

The outsideshapeof the airboxjenginecoveris a question
of minimizing dragandinterferencewith therearwing. With
a high box we can actually improve the airflow to the wing.
Again there is pretty generalagreementabout what shape
will do thejob and looking at currentphotoswill get you up
to datewith thestateof theart. With a high air box-ason a
CanAm car, it is possibleto bleedoff someof theair to cool
the magnetoor the rear brakes.Somesort of rock screen
shouldalso be employedand you should makevery certain
that the whole thing is securelyenoughattachedthat thereis
no possibility at all of its coming off.

In keeping with my self-imposed practice of assigning
some basic numbersto the featuresunderdiscussion,let's
seejust what the ram aspectof the air box addsup to:
IntakeRam (psi) =

Air Density(lbjft') x (Air Velocity in fpsY
288g

_ 0.076x (118)2
At 80 mph-IntakeRam - 288 x 32.2 =0.lllbjin2

0.076x (235)2
At 160 mph-IntakeRam = 288 x 32.2 = .45lbjin2

In both caseswe have assumeda 100% efficient duct,
which is not possible-75%efficient would bea goodone.So
the figures become0.083 p.s.i. and 0.34 p.s.i. respectively.
They don't soundlike much-andthey aren't-inthequan-
titative sense.But a gain of 0.34 p.s.i. inlet pressureis a
percentagegain of 2.3% over standard atmospheric
pressure-whichis worth talking about.

If we can manageto grab cooler air for the inlet system
throughour box than it would otherwisereceive,thenwe will
gain I% in air density for every 30 F. thatwe cool theair-
yes, that is why turbosand superchargersuseintercoolerson
the inlet side.

The largest gain in engine performance,however, will
comefrom the evendistribution of inlet air to the individual
intakestacksthat is providedby a well designedandefficient
plenum.

My last word on airboxesis that they work. They work on
any typeof racecar andthey work with eithercarburetorsor
fuel injection. They only work if they arecorrectlydesigned.
It is worth taking the time and trouble to makea goodone.
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