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The Wilksch WAM-120

Aero Diesel Engine - An update

N gel H tchrman visited Wlksch
Ar Mtive ad report s onthe
progress of this exciting new
eng ne.

Ed Hcks took the stumingar-
toar s s o thetest bed

Eur opa

iththecost o fud getting
hi gher and hi gher, aything
thet wll bringthe cost of

aradt operation down is wel cone
and the Wl ksch WAM 120 DO esel
aroegrewll dojust thet in
dranatic fashion. Brning agricutura
desd a J Al bohaalddefor
lessthen d f the price d Avgas, and
wth an expected fuel consunption of
around 15 litres per hour for the
120hp engine, ve Il be able to have a
lot nore fun for our noney! £10 per
hour direct operating cost s have
been estinated. The purchase pri ce,
currently £10,000, al so conpares
favourably wth other newaero

eng nes of sinnlar pover.

In the Mrch/Aor 2001 Popul ar
Hying, we | earned about the recent
fligt tet sinaBropacaried ot by
John Brownl owat B cester in

January. Futher test s wth i nproved
prot ot ype engi nes have t aken pl ace
dringthis year, lead ngto anather
series of devel opnent flight sin

Qct ober . Atechnical overviewadf the
engi ne can be found in Jul y/ Aug
2000 Popul ar Hying.

The engi ne has al ready proved
isef cgpabl e of provid ng 130hp on
the test bench, wth nore to cone. It
has al so conpl et ed the 50- hour
endurance test required for
catificaiona allprating
adthoughthe egne wll not actud ly
be certifiedfar thetine beng.

Devel opnent i s ongoi ng to i nprove
the e fid ey, futher provethe
reliadlity and reduce the vei gt of
the eng ne.

Thet arget production engi ne wei ght
of 100kg and 120hp rating is
expected to

be achieved for the 3 cyli nder eng ne.

The sinplicity of the engine nost be
avthe gea sdlingpant, bahin
terns of pilot engi ne nanagenent
tasks adrdidility. Wththe priner,
igntionswtches, mxture contrd, EI
gauge and carb heat all renoved from
the cockpit, thepla oy has a poner
| ever to operate and i |/ cod ant
tenperatures tovorry about. A so

unlike nost aero engines, thereis no
needtovat for the engine to varmup
or vorry about shock cod i ng duri ng
descat, youjust stat ypadrunit like
you woul d your car. Thereis d so
consi derabl y | ess pl unhi ng requi red
than on a Rt ax

Design
Wil ksch do not nanufacture the
engi ne t hensel ves, they do the
desi gn and devel opnent, narketing
and assentl e and test dl of the
eng nes. Mbst of the nanufacturing is
cariedout by locd industries, nastly
i nvol ved with the Formil a Qne or
sport s car industry, together wththe
use of sone of f theshdf autonotive
pat s vhere these are al ready the
opti numspeci fication. A though the
Oesign st ated onthe trad tiod
drawng board, it isal nowona
CAD CAM nachi ne. This geetly
speeds up the desi gn process,
particd arly nad ficati ons, and of
course gives an output that can be
directly progranmed i nto the
nachi nery naki ng the pat s, wththe
requi red accuracy and repeat dility
and far | ess chance of hunan error.
Treinhossetest cdl isadetorun
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the engi nes on a conputer control | ed
rig, wth enwiroment d catrd to
sinlate df ferent runni ng
envi ronnent s and codl i ng
d ficiencies. Wth over 100
paanaters availddethistelsthe
desi gners exactly what i s happeni ng.
Asecond test cell wll beintroduced
shortly to enabl e endurance runni ng
tog at anda TBOto be est abl i shed
Mintid TBOof 1000 hours for the
first egnesis expected bu it is
consi dered that this wll eesily extend
to 2000 hours, and nore shoul d be
avalabeinthe fuwe, based onthe
desi gn t echnol ogy.
Hivey o thefirst production
engi nes wll conmence wth the first
fewat the end of 2001, buildng upto
aful productionrate in 2002 Mst of
thefirst yer s productionwll gointo
Europas, aher imst dlation pl anned
are Jodel DRIO50, Vans RV-9
Thorpe T.211, Longeze and Pelican
PL and Mirphy Rebel. Theinine
engnewll alowoptinmsed cowings
toproduce ala less drag than wth
tradtiod fla for engres, the
narrowcowings wil al so generaly
give abetter viewover the nose for
tai | draggers, together wth nore prop

cl earance due to the higher thrust
lire

Ocethe3cylinder engneisino
production, the next t ask wll beto
conti nue devel opnent into the 4
cyl i nder WAM 160 ver si on, whi ch
shoul d be a great repl acenent for the
popul ar Lycomi ng G 320/ O 360
range used in nany aircraf t

Grretlydl engnes aefar
honebui It aireraf t and devel opnent s
continuing using the FFARrmit toHy
system however, once the engine
becones nature, certificationwll be
pur sued.

Thetest arcraft isaBrga kindy
loaned by Bl WIIians-VWnne (he
now has a Vans RV-6tofly) ad
nodi fied to accept the WAM 120 and
is coaling systens by the Wlksch
team As Mark Wlkschsad thssat
of co-operation nakes great things
possible inthe FFAarena Thanks
also nust goto R B cester for
dlovngtheir arfiddtobe usedfor
thetest flyimg

Setting off

| st inthearadt wth Mrk wile he
vert through the pre-flight checks
and st at-yorakine Turning on and
setting up the dat aloggers t akes a
coupl e of mnutes, but st atingthe
egreissngidtyinitsef. Rover
leer & ide(mit s athratld),
tunthe key tothefirst detert to
varmtheignters for a =
coupl e of seconds, thento I '
START adit fires stragt |
any just like ny desd

ca! Intidlytheeisthe

fanliar desd ratle qiddy
giving way to a snooth qui et

idea 1000 rpm The lack of
gear drive whine was

noti ceabl e (the WAMbei ng a
drect driveengne). W\ then
handed over to John

B owl owfor the photo

January/ February 2002 POP ULAR FLYI NG

nnssi on.

Taxiing avay the aircraf t vas very
qu et adont akeof f considerady
quieter than the Grera ship 172, o
theresident dider tuggng A per
Pawnee, wth a Hf fnan 4 bl aded
propad hshkit . Infact asthe
Europa flewover it seened nost of
the na se vas fromthe propel | er,
rather thanthe engine and it seened
qui eter even than a conventi onal
Rot ax power ed Europa, although we
ddnt actud ly have one there to
compae Theptofligt lasted
al nost one hour and when John cane
back, there was just a qui ck check of
al adcod et qatities, dus
refud lingwth nore d esd before he
vas of f againto do sonet ake-of f ad
landngs for B s canera.

The t anks were di pped and the




consunption for the flight had been
Llitresd desd  thet sless than £5.
The Buropaissigedd f far tvo pdace
operation and | had hoped to act as
fligt test doserver wththe a mof
taki ng sone i n-cockpi t noi se

measur enent s. However, John chose
nt todoaytwuwfligtsasthe
ground at B cester was unusual |y
boggy and John was concerned wth
the ground hand ing wth the extra
ve gt.

Thenedt stepistofirdisethe
Buropairgt dlaiay thedl coder
hangi ng bel owthe cowing wll not be
regui red wth the new production
engre Inpadld wththsthefirg
producti on engi nes are bei ng
assentl ed first for testing onthe test
rig thenaewll beflominthe
Europa and a second in a Thorp T211
bei ng | caned to WWMby AD
Aer ospace (yet nore co-operation
bet ween PFA menbers). Wrkis
now wel | advanced on the Thor p
T211lirgt dlation, which shoud be
flyingearly next year fromHntorrin
the-Hedges wth diesel pover. The
nevegrewll (intidlya least) be
aporoved to fly on'y on Avtur fud.
The oi | conpany that WAM have
used to dat e have been happy to
deliver wth a nini numbuy of three
o for 20itre barrds. Wthmo
under ground storage required for
Avu, fud aaldility, evena snaller
PFAairfid ds appears to be a non
i sste.

TheWilksch Team

MarkWilksch

Mrk worked at Gxsvorthinthe early
90s on a proj ect devel oping a D esdl
aero engine together wth Tel edyne
GQntinentd wichevdvedinoa

3 cylinder petra QG200 repl acenent,
but didnot progess. Mrk | ef t
Gsworth in 1993 and f or ned
Wilksch Arnative, ot aining DNl
devel opnent funding which led to the
first engnerus o atvwo cylinder
design in January 96. Trefirs fligt,
inaHper Qb occuredin
Novenber 97. Further devel opnent
inothe curent three cylinder eng ne
continued, together wth another DIl
aardadfirst fligt of thsegne
inthe Bropa tookpacein
Decentoer 99. Mrk flies both light
aradt and notorgliders.

Martin Long

Mrtin spent seven years at
sworth, working on Fornmul a Qne
engi nes and then a proj ect
devel oping asingl e cyli nder 2 stroke
petrd/diesdl engine. Mrtin, WAM s
Chi ef BEngi neer, jo ned the conpany
anast a thevery beginningin
January 95 and has been invol ved in
all of the design and devel opnent. He
al so i ntroduced the CAD CAM
system

Mrtin s flying experi ence i ncl udes
ligt dradt, didersadhdicogrers.

Steve Dennison

Steve a so worked at Gxsworth,
responsibe for engne buld and
quaity contrd of nany custoner
egres, duwscatrd o dl
subcontractor produced itens. Steve
aso has along i nvd venent in
restoring and race prepping histaric
cars and he has recerntly t akenthefirst
stepstoganngaFL

Stee smaint asks at WAM are
recei ving and i nspecting the engi ne
conponent s fromthe supd i ers,
engi ne assenl y and testing inthe
onsitetest cdl, and devel opi ng and
nai nt ai ni ng conpany QAand
conput er syst ens.

Phil Franklin

Fhl isthedesd eqert, haing
vorked at the | ead ng edge of di esel
technd ogy for a nunber of years wth
conpani es such as Ruston, Hl set
and AE Qetze. He first worked on
large eng nes for trains ad shipsthe
vere leaders intechnd ogy a the
tine, then wth turbo nachi nery, wich
isthered keyto poer output ad
dficiency ondesds. Heled ateamat
Hiset that devdlgped variabd e inl et
turbochargers, greatly inprovingtheir
dfidexy, foirg dlationonlveco
truds.

A the other end of the sca e he
al so becane i nvol ved wth Listers,
producing their snall, run forever
diesels for generators, dunp trucks
adthelike A WAVRh | is the Qi ef
Devel opnent Engi neer, pitinghis
experience tovwork to get the best out
of the Wl ksch eng ne.

AmandaWilksch

Atwdly qeified as anarchitect,
Aranda i s WAM s conpany secret ay
and runs the conpary s finances and
custoner |ia son.
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TeSt Flylng Update progranme, the engi ne ran very

with John Brownlow

Qrer the 5th and 9th Gt ober six test
fligt s were nade wth the ai mof
assessi ng codl i ng ef ficiency wththe
new engi ne, now equi pped wth a
MTV- 6D157 106 propeller, ada
hi gher pover settings than vere
avalabewththe earlier pratatype
engines and di f ferent prope l ers.
Sxteentest fligt s have now been
conpl et ed si nce 2nd January 2001.
The new hydraul i ¢ M propel | er vas
fittedinatidpation of the producti on
WAM120 and it sinteyd dl feedto
the propel l er and governor nount
pad. Util the newengineis availad e
the M'is being used as a ground
adust dde

The punch of the new engi ne was
i medi at el y apparent on opening the
thratlefa t ake of f on the danp and
rather sof t gass & Bcester. Ti ned
clinbs were nade averagi ng 800
ft/mn respect able for a Eropawth
afixedptchpopdler, ada andl
up wei ght of around 1250 I bs. Atined
clinb was al so nade frombrakes of f
to 3000f t in5nin 10 sec. The
propel | er pitch had been ground
adj usted to g ve 2500 rpmin the
clinba 80 KAS

Withthe Bropaest dilisedinled
fligt & 200ft and 2650 rpm 120
KI AS was nai nt ai ned confiort ad'y,
and the ol and cod ant tenperatures
vere both wel | vt hi n nornal
operdiod limts This setting
equates to around 70 per cent power
wth the present 100HPraing As has
been the case during the whal e test

snoathly wth alowlevd of cockpit
na se.

In sumary, thslaest betchd
tet fligt s clearly denonstrated the
excel lent progress being nade wth
the WAML20. Fut ure power
increases and areturnto a W
propd | er promses exciting
per f or nance i n up-coning test

fligt s
Photo flight

The norning of Tuesday 23 Qrt ober
turned out to beided for the Eropa
D esel to nake her debut before EI
Hcks canera operated froma
QGessna Skyhavk fl own by Nei |
Hun, and as we had al | waited for
sone tine for good air-to-air
phot ogr aphi ¢ weat her the pressure
was on! Wth the briefing conpl eted,
and good radi o conmuni cati on
est ablished, we took of f a nidday
and | joined the Scyhavk inthe
nuniber three position. Toget her we
clinbed through a convenient gap in
the nai n cloud | ayer to 4000f t. where
there was a wonderful cl oudscape
surely Ed woul d be pleased wth this
and had brought plenty of filn?
Hying fornation using a d esd
egreves afirst for ne, adthere
vere a nunier of questions in ny
mnd. Wl dthe resposetothratle
be confiort abl e? Wul d the engi ne
hadelikcapsona aje o
sonet hi ng i n between? Howwoul d t he
desd egreit df ¢ and up to a nest
continuous snal | throttl e novenent s
for anhor o so? Ate dl it vesa
prototype. Howwoul d the engi ne
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tenperat wres, ad ol and fuel
pressures respond? S far during the
test progranme | d been abl e to keep
a beady eye on themcontinual |y, ht
onthistripony the occasiod d ace
voul d be possible. Wul d there be any
unusual torque reacti on wth pover
changes that might upset position
keepi ng?

| need not have been concer ned.
The engi ne perforned perfectly,
ths, thelogest fligt yet, o just
under one hour. Response tothrottle
vas good rather nore like ajet
thenapiston Thesiphd! stayedin
the centre as if |ocked, as pover
was changed proving there were
no unpl easant torque ef fed s, addl
the Ts and Ps settl ed coniort &y in
the nidd e of the operating range for
theetiresatie The Europais o
course, an easy agroplanetoflyin
fornation. Tri mchanges wth speed
aterations are mninal, the ailerons
are crisp and onl'y need finger and
thunio treatnent to nake snal |
|aterd dteaios o position

Smlaly, realying at ptch
response generated by the al - flying
tail plane nakes preci se vertica
positioning a dodd e, and fore and af t
posi ti oni ng vas absol utely no
probl emw th the WAM A TEC di esel
provi di ng preci se power changes
wth tiny novenent sd thethratle
S redly the only probl emvas the
st ground onreturn to B cester.

Inshort, | moofidert thet the
Wilkschdesd wil gvwepld s no
probl ens when flying in fornati on
Hopefully, Bl spctures wil support
this cond usi on!



How DieselsWork -
Your Questions
Answered

There has been alat of press about
aradt desd engnes, but nany articles
have assuned a | evel of know edge
concerning their operation and i nport at
features/ requirenent s that nany of us
nay not possess.

Fil Fakin WAM s Qi ef
Devel opment Engi neer, hes therefare
kindy provided the fdlowng kit-hulders
gicetoaraatdeds

Q.Whatisadiesel engine?
A. Aninternal contusti on engi ne that
uses conpressionignition i.e heat
generat ed by conpressi ng the charge
atulyigitesthefud. Tretrickybitis
gtingthefud tothear a therigt tine

Q.What about carburetted
and spark ignited ‘diesel’
engines?

A. These are nat strictly desd eng nes,

and need a | the usual S features and

catrds. They nust be | ow conpressi on
to avoid pre-ignition and hence have
linnted poner output and high fuel
consunpti on. A though they can
successful ly run on lowcost fueds like

Avtu, g arting usud |y requires a nore

vdailefud, likegesdire

Q.Candiesel engines burn
Avtur/Jet-A1?
A. They can be designed and built to
burn just about any fuel; the nost
inport at cosideraionisigitionqaity
(at wnat tenperature the fud ignites).
Laqidfudslike Avu/Je Aare sosinlar
to DERV (O esel BEngi nes Road Veh d es)
that an engi ne can be designed to use d |
three There wll be asligt pover |oss
vhen burning the lover cal arific val ue
fuds (Avtur ad Je¢ A, and engi nes nay
m stat aswell a |owtenperatures due
tothe gegter vaidility d igitionqaity
o thesefuds. The lover ubricity of these
fuels a sorequires greater robustness
fromthe fudl injection system

Q.Whatisthe difference
between DI & IDI -what
do they mean?

A. Dsasfo drect inetion thefud

issquirteda very high pressureintothe

ar inthe conbustion chaner (a bow in
thepston) & just therigt tine The
energy g ventothe fud duringinection
resdt sinnmnute fud drogdet's, hence
thorough nixi ng.

Tre D (Indrect Inection) engre hes a
snal | chanfrer comnected to the top of the

cyl i nder whi ch the conpressed charge i s
facdirta Thear flowng through the
nar row connect i ng passage breaks up the
fud spray, wichisineteda |omer
pressuethenfar D, bt againa just the
rigt tire This gives snoot her confousti on
wth | ower noi se but wastes sone energy
squeezi ng the air through narrow
passages.

Q.Arediesel engines
heavier than gasoline
engines?

A. Qher things being equal  yes.

Because di esel s use hi gher conpr essi on

toigitetheir fud they nust be stronger,

and because the |initing speed of diesel
contoustion i s sl over than gasd i ne
conbusti on, the pesk rpmof the diesel is
lover. Both factors nake the d esel
heavi er for the sane power. However no
detonation limt nakes the diesel idedly
suited to turbo-charging and by using a
2-stroke cycl e the gap can be further
closed. For drect drive engnes (likethe
tredtiad Lycontinenta ) where the rpm
isdd ated by the prop, adiesd can
readi |y natch or beat a gasdine engi ne.
Te4strakedesd islikdytosu fa a
wei ght di sadvant age but can trade sone of
thsd f wthloner fue consunption By

gearing a high speed gasdine engine, a

pover: wei ght can be achi eved that the

di esel cannot nat ch; however unl ess the

requirenent is racing, record bresking or

per haps aerobetics, pover:veight is not
the vind e story. Qperating cost and
dradlity aeinport at consideraions for
typica recreationa and conmercial GA
aradt. Rovided that the benchnark
pover: vei ght set by the est adl i shed

Lycontinent & range can be net, it woud

seemthat desd arcraft eng nes have a

lrigt fuue

Q.Why are most companies
not modifying standard
automotive engines?

A. Mdern autonative diesel s are very

dficient, have a wde speed range (for a

desd), ahightop speed (toget high

speci fi c pover) and good | ow speed
taqe These i nprovenent s have largdy
cone frome ectronic cotrd o injection,
sothese engnes tat dlyrdym
dectronics, ahighpoer dectricd suply
adaluricos fud, but ther ve gt
renai ns hi gh since pover:weight i s not
their nost inport ant consideration, ad
thereis the vei gt of the gearbox too.

Sverd o thesefestures are nat redly

wat thearcraft narket vant s it vat s

srplidty, high poser towe ght, and

reasonabl e ef fic ency wthwde fud
capailitytobeaddetobunthe ges
tubrefuds.

Q.What is the truth on fuel
consumption?
A. Againnat aclear cut issue
Fundanent a s of conpression rati o and
| ean operation nean thet the desd is
inherently nore ef fidet. Anodern
gasdine car engineruming leanis
dficient (about 270y kW) but only at
oecodtion Blieeit oo mt, a
Lyconing desi gned 40 or nore years ago
cannatch this figure wiile leaned to
perfectioninthe cruse Dringahigh
pover clinb however the figure junpsto
over 350gm kWir . AD car diesel engine
can achi eve 210g/ kWir and an 10 about
2200/ kwr; 4 strokes are alittle nore
dficet then 2strokes.

Were desd s red |y score i s because
thar € fidetyis fla over most o thar
operating envel gpe and they never need
fud adirg. Thelatest dectroncwzardy
desala fa agsdireegreht it wil
never best agood desd .

Q. Talking of cooling, what
iIsthe story here?
A. Desds, like petrd engnes, need to
get ridof their veste heat. Because they
areingenera nore ef ficet they dona
have qui te so nuch heat to | oose,
paticdalyinthecase o D, dthougha
slightly higher proportion ends upinthe
cool ant. For aeropl anes the inport at
factors are nass and bu k of cod i ng pack
and drag.

Holy rated desds use intercod ers to
reduce the tenperature of the
supercharged air and hence increase it s
density. This neans that cool i ng pack
designis aninteresting chel lenge that wil
no doubt resut in soneinteresting
sd uias! The requirenent for high
ratings ad long life (wthout cracks!)
gves ar coding alowchance of
SUCCESS.

Q.What about longevity?
Won’t highly rated
diesels be fragile?

A. Properly designed and devel oped

ligidcodeddesd s wll enoy loglives

liketheir autonotive cousins. Lowpi ston

Speeds nean | owvear rates; lack of wall-

vetting by fuel neans lowring, pistonand

bore wear; | ow speeds nean | ow val ve
gear accel erations and wear; subst atid
crarks and bearings wll cope wth high
cylinder pressures. Wthvater coding,
thernal cracking shoud be athing of the
past, and of course those wth direct drive

w |l have no gearbox problens. X
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