Aircraft Cooling 101 for Tractor Engine Installation
by Bud Yerly
Custom Flight Creations, Inc.

This briefing is a compilation of information and comments specifically for the Europa Owners and the
cooling issues which affect those with the 914 and 912S engines. It is a series of fixes and or experiments
I have found to rectify cooling issues in @ircraft. Part 1 is, understanding basic propulsion issues as
related to cooling. Part 2, is the Rotax cooling requirements/ radiator sizing and a description of the
Europa stock aircraft cowl cooling ducting. Part 3 is a practical analysis of thew{problems of

cooling the opposed 4 cylinder Rotax engine using the stock cowl, and some acceptable modifications for
successful cooling with this cowl. Part 4 is other cooling techniques which may improve cooling

efficiency. Part 5 is some examplesmduction fixes for future cowls for the Europa XS.

Part 1.

I.  Basic engine cooling requiremembsist be determined:
The requirements of a cooling systémBTUs) must meet the following for successful light
aircraft engine operations year round:

Groundops Taxi/idle

TakeoffRunup

Climb at Continuous Power

Normal Cruise and Economical Cruise at Recommended Power Settings

Rapid Descents/Throttle Transients

Max Power / Max Sped
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II.  Transmission of Power
A. The propeller power transmission or torque curves should be known and are assumed at
78%
B. Propeller air movement around the cowl inlets must be known to determine the inflow
rates for all ground conditions. Flight conditions are assumed to be freeainstr

speeds.

lll.  A/C EngineCowl/Nose Shape.

A. Normally the aircraft nose shape is determined by the designer and has some concern
about cooling inlets and exits, but normally is purely aerodynaamidssized to meet
propeller spinner and a smooth engine enclosure

B. Inlet shapes, areas and placement are made based on the ideal cruise canditions
average inlet and exit areas proposed by the engine manufacturer

Example: The RI0OB had a clean smduopleasingly shapeitlet for the Allison engine
It performed welin normal takeoff andruisefor a standard day. Evidence from theater
operations proved the inlet mus¢ enlargedo house the increased radiator size for
desert operations at low iflide and higher than standard operating temperatures. -The P
40E has a very large inlet packed with radiators and oil coolers to accomplish this. Not
very pretty, but effective. Not very aerodynamic, but for ground attack, tops speed and
cruising efficency were secondary.

AV Cooling Technigues:

A. Radiators:Radiator Areas and Flow Ratekthe glycol and cooling aimust be

providedfor proper sizing of the radiator and inlet. Augmenters, such as variable cowl



inlets and exits and or thermostatic contlhe cooling must be determined from
engine test runs.
1. Each operating envelope must be gauged frahdve to insuréhe engine
temperaturesan be keptvithin limits.
2. Operational procedures must be made to insure proper pilot speed and
configurationsare maintained for flight phases.
3. Basic good operating principles such as run up into the wind, hold into the
wind when possible, limit high RPM when on the ground are assumed.
B. Engine accessories and thair@oling must be anticipated.
1. Many water coad engines still require some air cooling such as on the Rotax
cylinders. These finned areas need air coolcmgnmensuratith their BTU
transfer requirements.
2. Alternators and under cowl components such as regulators or gasolators must be
cooled for propr operation and longevity.
3. Fuel and oil lines must be protected when near exhaust or when tragymedin
stagnation areas.
C. Engine compartment purge.

1. Mufflers are necessary for happy neighbors but the heat of the exhaust system must
be purged from the engine compartmamd fromoverheatingther lines or
componentgspecially during ground operations

2. Cowl materials (fiberglass) must be protected fexvessive heat.

V. Desigrsto meet all the above critersaesent back to the designer from the propulsion
engineergor incorporation into the nose cowl design
A. Ducting and inlet size

1. Duct size and design isdrawn into the basic cowl design

2. Exit airreintroduced into the slipstream must be addressed with provision for
aerodynamic gimmicks such as cowl flaps and inlet scoops.

V1. Testing and validation.
The final configuration must be exhaustively tested and fine tuned for before production can
take placeand the prototype must be modified for production. It is easy to one off a
component, but full production must include cost, time and mateKatisnanufacturers also
must consider the capabilities of the average builder to install the fire wall forward
componenets.

Part 2

The Rotax 914 manufacturer supplied heat transfer and recommended cooling radiator sizes
are provided as follows (Ref Rotax installatidanual1996):
A. BTU transfer rates for takeoff power:
1. Cylinder head cooling requirements aadiator sizing:
a. Radiator thermal transfer rate28 BTU/sec
b. Min Radiator sized of 78 square inches is required
c. Coolant flow rate 16 gallons per minute
2. Cylinder ram air cooling requirements:
a. Cylinder air cooling of 5.7 BTU/s
b. Minimum air inlet of 16 squarches of inlet is required.
c. Rotax recommends an air duct or partition to force air past the finned cooling
surfaces of the engine cylinders.
3. Oil cooling requirements:



a. Oil cooler must dissipated 8.5 BTU/sec

b. Rotax recommended size is 25 square inches

c. Rotax recommends the oil cooler reside beneath the engine, but with the oil tank
level set at approximately 400mm or less below the prop shaft level and the
cooler below that.

4. Fuel system components:
a. Fuel temperatures in excess of 100 F are not perrgisaithe vicinity of
fuel lines float chambers and such.

b. Air box intake air (after ttbo discharge) is limited to 162F

5. Exhaust component contribution to cowl heat extraction (estimated by author):

a. Exhaust gas temperatures at max are nearly 1750 Fmilifier in most
operations is nearly 1000 F in places. The majority of the heat of these
components is carried away out the exhaust pipe, but components will
normally heat up to nearly 600 F due to heat transfer between the air and
metal components. Tlestimated area of muffler and turbo components is
200 square inches.

b. Rate of heat transfer to prevemty exhaust heat buitdp is estimated at 200
BTU/sec. This is a very large number. Exhaust components are designed to
flow heat through the exhausind do not require cooling.

c. Extraction of this exhaust component heaflight with a proper downdraft
cooling system is not a very large factor in cooling the cylinders, block,
coolant, or oil. Proper downdraft cooling usually makes the
muffler/manifdd heat a non issue as radiated heat is drawn away from the
engine. Ground operations are affected as the radiated heat contributes to
engine compartment heat buildup during taxi/ground operatiodsring
slow speed flight Thi s nor mahddyerselpoessaradgiadient a u s e
but the higher undermavl heat can cause fuel vapor lock, poor turbo
performanceand other heat stress problems

Il. Transmission of powdry meansf a common propeller dixed orvariable pitch suitable
for use on the Eur@pAircraft.
A. Propeller efficiency is assumed at 78% min to 87% maximum.
B. Air movement in the 2.5 feet diameter around the cowl is assumed at:
1. Idle/ taxi power 50 fps (about 30 MPH)
2. Takeoff power (standing still) 120 fps (about 80 MPH)
3. Flight speed ishe assumed inlet speed for flight operations.
Il Engine Cowl shape
The XS cowl has inlets designed to provide ram air directly to the front cylinders.
Gills of 16 square inches are supplied on the upper side of the cowl for air exit on the top
cowl.
The ifet for the radiators is provided with an area of approximately 32 square inches.
A lower duct with exit area afpproximately 8%quare inches provides for air exhafiost
radiators and cowl exhaust air
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Cooling Techniquesmployed by the XS cowl.

. Inlets. The inlets are nominally3 inches in diameter equaling 14.2 inches of inlet air for

cylinder cooling (2 square inches less than recommended by Wbietx is an inlet of about
3.2 inches diametgr

. LouveredGills. The automotive style gillsn thesidesprovide about 16 square inches of

opening for cylinder cooling air exhaust.

. Lower Duct. The ramp style cowl exit provides ab@iinches of area on an angle to the

exit flow. On the mono wheel, firewall position aratliator duct aft end positigprovides

for about 15 inches of exit air for cowl cooling exhaultte area from the sides of the cowl
duct to the radiator ducting provides an additional 15 square inches of exit air for the cowl
cooling air exhaustRadiatorductexhaust air exit isbout 65 square inches.

. There isno accommodation for returning exhausted cooling air to near flight speed.




Part 3

Analysis of Europa cooling problems

It is evident that the cooling of the Rotax 914 is unacceptable with ambient temperatures above
standard day conditions. Full power operatioagmallycannot be conducted without
overheatingabove 70F ambient temperatuidax angle of climb or even maate of climb

speeds do not provide for efficient cooling evemakimum continuous power settingshave

run my 914on the grounavithoutthecowbnd it doesndt over heat at
assumgASSout of U andME) the cowling has coolingfficiency problems.

TheEuropa Trigear aircraft seldom have the problems of cothiaghe mono wheehas
providedthetrigearcustomer builds a firewall aft of the nose gapezes The movement of

the firewallof the trigeamaft, some 16 inchegprovides for 100 square inchesanfditionalexit air
from the cow] aidingin the draft and providing sufficient airflow and better cooling during high
power/low airspeed operations. Cruise power settings in the triyesy encounteoverheating
evenwhen outside temperatures exceed 9bRerefore most of the discussion below will apply
to the mono wheel and its peculiar problerise techniques employed for mono wheel cooling
would enhancérigear operations as well

Cowl shape The cowl shape &s close as is practidal the enginend allows for ease of
assembly. Insufficient room is allowed for exhaust pipe clearance of théXrantl 2 cylinder)
and the bump in the bottom of the port side of the cowl for the muffler no longer cledms for t
912S exhaust system. The cowl is made for an average sized spinner of 10 inches and
accommodates most propellers of either fixed, ground adjustable or constant speed types.

Radiator size and placement

1. The radiator provided by Europgarovides &out 82 square inches of cooliptateareaand 35
inches of face arealightly above what the engine manufacturer recommends.

The oil cooler is sized at 120 square inches of plate area féate area of 40 square inclaxl
should be suitable.

Current Europa XS cowl cooling analysis:

1. The inlets for ram air are positioned directly in front of cylinder 1 and 2. The area of the
cooling air inlets is less than that recommended by the manufacturer and should be increased in
size to at least 3.5 or 4 inches. No other inletsraeadel for ram air cooling.

2. There are n@rovisions for air ductingolenums or flow contrah the cowl for cylinder

cooling air(the finned area) either from an updraft or downdraft pressure mefteod.air

impacts the front two cylinders and appdarmove downward directly to the two triangle exit
areas formed by the gap between the ramp exit and radiator duct exit. The dritraesbby

thegills on the sidés available, but it is my opinion that insufficient suction is formed by the

gills to dlow for cooling air exit. The path of least resistance for the cooling ram air is wasted by
going out the sides of the duntthe rear bottom of the cowT his leaves no cooling for #3 and 4
cylinders.

3. A ramair NACA inlet and plenums providedfor turbo inlet use and a small cutout into the
plenumduct and around the air filter pushes high pressure duct inlet air into the lower cowl

forming an unacceptable pressure gradient in the lower, cegdcing cooling outflow further for
the cylindersabose. However, these cutouts may in fact provide cooling air for the turbo.
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4. No provisions are made fanrbo and exhaust heat. The ram air cutout and filter hole cutouts
provide about 4 and 5 square inches of ram air cooling respectively to the Nalspecial
ducting or heat shielding of the exhaust system is made.

. Coolmg flows of the 914 Mono

Spinner losses

Gill exit
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Inlet turbulence \

losses

Firewall to duct

exit area
Pressure losses

from lack of seals

Lower duct cooling air exit

5. Radiator inlet to radiator size is sufficieffthe radiator face is 35 inches and the oil cqoler
when dropped 2 inchggrovides an effective area of 40 inches. Togethas tosomeoverlap
they are an exposed faces of about 60 square inchesadiamrinlet ductof the Europa is 32
square inches making for an expansion of thealiltough not smoothjyf about 2 tane. Over
the inlet length ofL2 inches (openintp radiator face) this leaves us with about a 15 degree
expansion slopéot exactly isentropic flow but close enoughlhis would allow for cooling air
to slow, expand, and allow for better heat transfer rate going through the coolers.

6. The exitair from the radiators is approximately 65 square inches allowing for potentially an
acceptable pressure gradient for cooling air flow. However, the duct makes an abrupt change in
direction and builds pressure in making this corner above and behindi¢beler. There is no
provision for reentry of the air to near slip stream velocity.



Customer applied fixes for cooling.

The Europa engine installation manual and kit provides for a duct beneath the starboard inlet for a
Rotax supplied air inlet antboling shroud for use over the cylinders. Many touted this shroud as
too expensive and unnecessary. For the trigear, this is generally true. In some instances where
other modifications have caused the planes to overheat, owners have installeditigssboolid

or made their owand have had moderate success.

I have modified the cowl with success by moving the inlets up to even with the spinner horizontal
axis and enlargethemto nearly 4 inches. The higher inlet nozzles bring air in just above the
front cylinders and witlvery little effort easily applieducting can provide excelledbwn draft
cooling. One customer preferred not to use the ducting and his trigear coalingisable

except &high outside temperatures (90F)low speed climuts below 90 KIAS. Thisinlet

nozzle position workbecause the cooling air hits the carburetor, expansion tank and ignition
area, creating a high pressure area aiding in cowlitighigher climb speedsVery tight cowl

sealing prevents lower duct air from preventing down deaiftl the system works for him

Moving the cowl inlets have a side benefit in that a belt driven alternator can be added with little
cowl modification. (Airmaster Propeller provides a through the sbhafish setup for just this
alternator setup and it works for the Whirlwind Propeller as well.




Others have lowered the radiator inlet duct makingbd Btyle inlet to improve the smoothness
of the inle flow and others have smoothed the radiator duct exit to praxsdeother exit.
These mods have had some succ@ée trigear leg gets in the way adictinga smooth entry of
the air back into the slipstream.

One mono has a cowl flap which extemidsvn from just below the oil cooler and also lowers the
upper metal duct which improved low speed climb out and ground operating titeagent

from 10 minutes until overheat on the ground to 25. During the climb, the cowl flap again
improved cylinder bad cooling temperatures and radiator efficiency

Another idea was to put cowl flap style reverse raftiks a cowl flap)in place of the gills to
promote more exit air potentiédr the upper cowl.This may be particularly effective if an
intercooler § installed on the Rotax 914.

Anothertechnique to improve exit air drawtswidenthe duct ramp about 4 more inches. This
mod allows for more exit area on the sides of the radiator duct and provides for a highly efficient
draft in the cowl, but withaduductingto force inlet air into a plenum above the engthe,air

from a normally placed inlet will make a bee line to the exit area, completely bypassimpére
cylinderenginecooling needsInlet ductingis neededo force a down draft over thegine
cylindersfor optimum performancef this mod
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Many have commented that the technology used by-Biedhd other fighter aircraftere very
efficient at reducinghe cooling losses in flight. However, many overlook the fact that the highly
efficient radiator cooling systems were intended for short ground run times, and required
extensive ducting work arldrge amounts dhternal aircraft area for the ducting. Thésgghly
efficient radiator coolers however still needmxvl flaps to provide minimum suitable ground
operating times before overheatingvenat maneuvering speed, cowl flap deploymeas
necessarin tropical environments at low altitudes and high posettinggo provide sufficient
cooling



P51 radiator detail from NACA.
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Part 4
Since | am based in Florida and operate in tropical flying operations | feel the existing cowl
should bemodified to create acceptable performaimckotter than standard iditions | will
outline my modification ideas for the existing cowl first, then some all new cowl ideas.

For the Existing cowl,here area dozenworkable solutions for the mona

1. Cut extend or build outhe cowlin areas where exhaust components conflict with the cowl
and allow for at least ¥z inch of cleararficam the cowlinside surface anthe exhaust system
components This is essential as Rotax and the mufffemufacturer have changed their exhaust
pipe andnuffler dimensions. (See examples below.)

2. Direct air over the engine down through the cylind@gild a plenum above the engite
trap the inlet air above the cylinders and create a down dfgfiu build a plenum, try to kedp
tight to the cowl and engine for best efficien{@ne example is shown below.) The Rotax
plenum P/N975795works and can be modified easily to fit the existing cowl by adding
additional air intakes as the Europat&oinstallation manual shows.
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3. Close up the gillanless you need them to vent high pressure air from your intercoatérer
devices Intercooler ducting should be tight and thiet andexit air well plamed. Venting the
intercooler into the cowl will work, but may need additional exit areductingto draw out his

high pressure airThe gills may pull the heated air from the cylinders out of the top of the cowl
rather than drawing the heated air castthe exhaust components then out of the coivby

also draw air from the number 3 and 4 cylinders creating more heat stress and stagnant hot air
around the carburetors.

4. Move the mono wheel metal firewall aft to the bungees. It can be donegsezngine
removalonly to prevent cuts and cursirgyt gives one more inch clearance for cooling air
behind theadiatorduct. This will allow more efficient draft of the hot cowl air.

5. Make your radiator ducting fit well and your cowl seal aratedentire duct, including the
front as air tight as possibl&his is to prevent high pressure duct air prior to the radiators from
leaking into the lower cowl and making for a decreased pressure gradient for cylinder cooling.

6. Drop your oil coolersfar down as your cowl will allow. Two inches is about right. Seal the
gaps on the siddsetween the radiateand sides of the metal dudtbuild ametal seal for the

sides of the oil cooler and construct a metal or fiber seal between the oil cooler and bottom of the
cowl. (See below)




Carefully seal the area betweitye radiator and the oil cooler to prevent high pressure air from
leaking through the gap and reducing the delta P between the front of the radiators and the back.
Do not allow the seal to chafe the cooler and use rubber cowl seal to prevemt#h from

wearing on the radiator directl{See below)
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Note Gap between coolers.
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Metal shield seals gap but does not
touch either cooler preventing chafe.

7. Open the area on the aft of the radiator duct up by either removing materibeadieg the
exit to allow or more exit area for cowl aand a smoother transitiam exit for the radiator exit
air.

8. If you have to cut the cowl to clear exhaust pipes and or muffler, why not extend the sides of
the duct out a biio widen it This requires much more tiraed modifications to the cowllThe
standard metal duct sides may need to be extended to allow for proper sealing between the duct
and sides.



9. Use special exhaust wrap tape to cut exhaust heat from the pipes. Put heat reflective tape or
sleeves for the cooling hoses. The racing community swears by the exhaust heat wrap, but |
h a v drieditt

10. Enlarge your round inlet holes a bit. gigally it is easy to open them up to about 3.2 inches.
Make sure there is a smooth inlet into the c@ame leave flashing from the cowl molding to
restrict air and add turbulent flow. A rolled entrance to the two round ducts is more efficient
than asharp transition.



11. Add foam to the radiator duct inlet and a layer of glass to smooth the cowl entry. Also make
sure the top of the inlet seals to the front of the duct.

12. Keep your spinner to cowl distance about 3/16 of an inch or so. 1/8 is my personal
minimum. A small gaphere keeps air from rushing aaftthe top of the cowl



Part 5

New cowl ideas

OK, | eptadicalordetstgetradical
Practical is tqust doall or some othe dozen items in Part 4 above. What does the outside of the
cowl look like? Well, just about the saméut with the differences in the picture below.

Add a plenum, smooth some air flow in the duct, add a cowl flap if youtnese® move your

firewall aft a bit. The plenum pictures in Part 4 that | have made ameiseglnd time consuming

without proper tools, but are easy with a good pair of snips and a pdtteking at the cowl

mods above a the casual observer, moses®thing different.If you move your inlets up to

even with the horizontal axis of the spinner, you have optibne.o ki ng at Jerry Hope
below, the inlets are clearly moved up. A plentonhis plane would be lareezewith the larger

higher ntakes and his alternator from Rotaikill fits OK in the port hole.Otherwise, pretty

much simple fixeshat require a number of hours shaping,glassing and fillifige inlets are

larger, the exhaust clearance better all around and the air exittis gitee it is a trigear(See

Jerry Hopebs modifications bel ow.)



