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.. of the Ring Process .~ - =

‘(5) Comelusién . -

R O L S

- {1} Ingtrodustiom . v .
PRI H;,At}thﬁ}beginnihg~offleéﬂg,I#G;jFarbén;suggesﬁedﬂthé,replacemant of the ususel -
~ 1gnition system of gaSoling'enginesiby_omm;which'usaszignition=oil injestion inetead.

- This-wae also of interest with regard to acrc sngines as elresdy et that time en ig-
‘nitlon eystem unaffectad by altitudes wes vanted. - Yn eddition apy improvement .of ke -
knock-behaviour end of the spesific fuel ronsumption could be expsoted.” It also

. promiged to give us later a:chance. of cre@ting‘a‘wgrkable:ignitzcn system for using:
safety fuels in a gasoline engine. L R e e e L S
3 ~In-order to test this prosess - which was given’the wode-peme "ring proceas™,-
-in en Bir-cooled 9-cylinder radial_quine-bf_27;11tres-capac}ty, the BMR 383, its '
. genaral behaviouvr @as ezamined at first with @ single zylinder .in order %o obtein the
- bpogessary data for main engine operstion.  Such & medn engine; fitted with this mew
- device, was subjected to a fiight test To gein more experiepze.  For Jack of time -
a type whick would: embody all ‘the experience so for gained-gould not yat be mede.
- The experiense gained. by both the flight teat and that on the test stand waz to Yo
. used for the further development of the ring process im the air-sooled radial enging.

"."(2)'Daveloggént§;,‘.{_:m{

. ! B

'Zfia}>meets ﬁithrg;aingle*cylinder emging U Sy

S " L T o R R T e e T s e
! - For the Tirst teats with o single~gylinder engins the BMW 323 cylinder wes
- fitted with & ring fuel nozzle ip plece of the apérking-plug. - Corpregsion wes in-
~ereased. from e ratic of 1:634 to caly 1v8, thia being @ compromise begwesn ignitiod .

requiremente end mechanical consideretions.  The first experimenta showed already -
‘thet, with the ecperating sonditions selected, we_could expest approxizstely the same
knock dekaviour with the ring process as with the sperk ignition engine, which neces:
sitated. the use of high perfor cnee- fuel {CV2 G and later €3}, - It appeared 1in the -
sourse. of the single-cylinfer sxperiments that there was 11%%1ls difficulty in melering

N



ign:tion~011 "R—:SOD" “even when_, exsrezcely sma : By mslstrake, Verc -
“injected, in spite ot tbe poor: nozzla cooliug e ho difficultspa arose’ 865 loog se ahe
[single cylinder teaws were’ carriad ‘out: with baoat eir heateﬁ abcve 70””; ‘but they .
‘groppsd-up: at once when part laad tents. ware carriea out a8t hcost air tcmyerﬂturas Pl
‘below 30°C, - In this 1attar case’ fuol ¢onaumpu1on bocame worae~ana 1gnition fa;lua
ﬁaoma%imsa oecauﬁe ‘$hé final tumperaturc of the: mixture wae tca Low A% cerﬁaan
galtseudes e aoro~ang1ne mInts with far._ lower boost air temparaturee Pig.1) ﬂa
_extensiva: 1mprovemanu of 1gai?ion hehaviour Fas. of k) deeisiva importanca under thase
;cona‘tions Vo we parvly acnxeved uy influanc;ng the tamparature o thc m‘xnu“e
’%hrough che cy;inder hsaﬁ uemnarafure e , e : LR e e e

The’ at tasn runa abowaq *hat the cylindar 2emparaturca were ronsiua ablv ansr v
in uha ring PTONOBS ae;ng the saendard coo;ing ‘baffles of tho By~ Ega “then Rith the v
,norme; gqaolina engine undaf ‘the sama ronaiﬁzon: (rig 2).  We foand a diff;rence of
g15 in.-the caol ing, lcasaa ' This fast wes used to raise: *he %emperstnre of ‘the cy’~ .
finde¥;head end %hug that of zhg m.xture by in»reasad vaff ling ot ‘the: cy’xnuar head.
~~but with the came cvilnder cool;ng i.e. by a- smalier cooling air delivery {Fig o
;_anu F’ ‘3) , ”his resultad 1n an &mprovemant of the ignition bahanOur D

L ‘Vig 4 nhon _tho influence of the cyzinder head cemperatu;as undev »he same con~
ditlons on the poaltion: of tne ‘mixture loops, i:e..on the: qnsliby -of uheﬁignition -
In ordexr bo develop the. *ing procase wich air*ecoleﬁ enginas’ 3% appears that no% only -
‘$he coo;ing cond1ciona should be. made worss by’ decveaaang the zir dalivery out also

. that ‘thé power of ane engine hould be adauted to the. eao}ing condi&xonq, R

. Th1a above—mentioned meeaurs by 1tself waa not enough adeuuausly to 1mprove the
-gnitionu A Bignifiecant. improvement.was obtained by -diresting the. “gnition*&ﬁl jet
on a lLot spage in the. combust;on -chamber; - ¥izson %o the head of the ‘exhsust velve.
This permittad runs with low oads and at’ conaidarably lover ‘boogt air tamperauures
~down. $o0 00C .- with praetically no- deterioration -of - the- knock behaviour at high loads.
Exemples of ‘this are given: in %he two diagrams following: - Fig. § shows the improve~ =
mant 4in the performance . caused by diresting the Jot. on. to the ¥2lve; both in regard

‘to powex output end diaplacement of the mixture: ‘100D, Diagram & showa 4hs sombuazxon:-
linits st two differeni booes air temperaturea basad on’ ignition-oil cousumption B

- The diagram ehows a¢so the diffarance in power “hen ignition fails L .

fb) Tea*a on tha mnin eng at a compreasion ratio ot £ 1‘8

Bused oD theaa pre‘iminsry singleucylindar tests 8 BMW o23 main engine with two
appad bloaer was prepared for the sama.operating conditions i ‘8. with 8 compression
g to0f £:1:8 [1st stegs of davelopmenu), Y8live overlap 55 sperking piug wigh
_,bﬁttery ignitiou as an auxiliary ignition system, & fuel- and ign tion~0il mozzie for
each cylinder, ignition oil jet direaﬁed .en to tha e:hausﬁ valve, . ey)indsex head with
rafused cooling air flow, power 8g On the BMW 321 P etandard engine 1 8. take»nrf
~pewer 800 b.h.p. ah 2600 . p qn

‘ ' Aa nt that txme no pistcn uype was deveIOped for tbs BMW 323 in eugine a» a
_'QOWpPSESIOH 19430 of 1: 8, we bed. to make do with'm. maka ‘shify. . This led tc Giffi~
sulties véeouge of the umfavonrab}a friction condiﬁions dn paw*ieular of. .the magter
‘platon. Cnly sTier some: time could these difficulties be overgoms. by davelopmann of
@ suitadle pieton-type: - 1n oxder 4o, ohta*n ignition conditions whish vere still.’
favouratle 8% port lcad; the bemparature of the eylinders wos inerasassd even aboys
~those of ths norma; engine . . Yhie ‘vesulted in greater thermel demands with greater -
mechanicel stresses &nd was. aiao Tosponsidle, spart from the diffieulties with the
piatong_an§ piston rings, “for the 'very unfavoursble conditiona uader which %he exhauat
valve had 30 worL tsking into. considsratiom the’ fect that thia raa'%nde~vorae by
,diruct;ng a Jut of {gnstion-0il on 1t. . .The nonsequence was thau\in¢§ndeqcent ‘carbon
dsaos;ts wers formed on the vaive head. =~ This eventuslly resuvited im pre-ignition as’
is atperieacaa with highly lozded gesolina engines. . As a2 counter‘reasu“e ve tatro~
duced ihe herd chrome exhaust: valve whisgh el;minated the iormetion of ‘incendescant
“carbon deposiua.f_ The inja*tzon =yetem for the ignntion—fuel weg dave oped exactly in
¢ the seme’ way £y that for gasollneo ' : S R o , o -

‘f,,;ne in*e»tion pump with plungers of e inatead of 10 mm 64ame r.wég»icéated



- . y :
below the gasoline 1njection pump ‘and riven by en 1ntarmediaﬁa gear. a8,
eszential to weke the injedtion ‘pipes’ for the: ignition=fuel of approximately“the :
same " length sin the smai;iquantiuiaa,make deviation.»n»the injontion procses

~very noticeeble ‘The engine gontrol wea: ractically the ‘some as for ‘the" normal
‘angine’, viz booau presaure controlled w1th the- mixture—regu}etion ~The: quantity. )
“of the ignition~cil vas regulated by hand; .At the end of the: axperimanta the oo
enginn was subjec ueﬂ to a triel runof 25-hours under type &est—uonditions on" ‘the
‘rem tast stana ‘an 1% was found: that the distribution of. cooling praaaure veriad uoo .

“much when tested with an’ air ‘brakes . Lagk ‘of " tima_did “nok: permit work on. pover and :
fuel . ‘congumption - &mprovemnat with: thia angine, the chief .objest was the tlight
te“ting of the progssa. Performsncs BT the ssma 08" ‘that of: the BMW 323 P, ‘buf. with
@ little iower boost prassure hecauae of” higher ccmpreasion cruising fuel consump-‘
tionm approximate-y 230 g/b h.ps ignitﬁonwoil coneumption 15 0 t6.1.2 kg/hr per- cgl-i’”
inder, f.8. 15 %o 23 mm3/stroke" when 1dling full delivery %f-pumpa abou6 a0 o

.per aurckn par cvl*nder Lohe o ‘ : ‘ S

/

S The fesuims of ahcu° ?5 houra flight tents with the engine used 88 ﬁentrw en@ina
vin the Ju 52 showed again vary clparly the" gonsiderable suuueptibi]ity to: tempareture
-of the air»»caleﬂ engine opsrating on the ring prccees - The eylinder. head, baftling
wes not ‘sulficient to- keep ‘%he cylinder heads at the neceasarv te?ggrauuig g
when 4diing or in borizontal flight et low iosd apd high alt%%ﬁ l%ﬁ? Gas
“only passidle up to a gertain degree when eonaidering higher poweraa - That i why.
reguLation ‘of gooling eir’ flcw ‘begeme pecessary, which was. ‘obtained. by ‘a ahutter on
the inteke-gide {Fig. 73" of the cowling, with which, 'in. céhneution with the outiet
regulet‘on, the neceasary cooling air Flo® ‘could- be-adjvstea Mith-thig arranga*f;r
Cment test Ll gutq up o eltitudes of six kilometres could- be made ‘snd the engine YA
warked: aauisfaﬂﬂﬁrily. also the auxilzarv spark ignition syaten gave ne trouble*;"
ALl these’ foregoing teata lad ug to the. concluaion that in order €o 1mprove the air-
. ¢ooled: ‘engine. with the ring process ‘1%t was necessary %o develop better iznition GO~
ditioms for the ring-fusl. =~ Since “henting of the mixture by means of & conziderably:
higher cylindar temperature hes ‘the stated: diaadvantages en esaential improvement =
of- tho ignition’ of ring fuel wes not possible ‘in this: wuy “and thers remained only
an’ increaaa of khe compreseion ratio of the engine,. whiah at the .onme time made it
_ poaaxble 0 &mnrove the- oylinder cooling. "Fig.8 shows the 2onsidersble influense
“which & uhange 3o compraaaion from o ratio of 18 o 1:D has on the 4gnition procasa:
snd the sourse of combusiion. Tndicahor diagrama ere shown for the seme operating
sopnditions and the given compreseion ratios.’ By incraasing the compraas‘on the
*wa%ow~ataru of xgnation is cbviated and so the rafe or the preseur@ riae is. reduceé“

I order to geu a rattar knorledga ‘of tha nrocasaes in particular for aowparieon
.wiyh the spark 1gn;tzon~engLne—_we r@acmmend—that the beginning or combugtion—ba———————
- ammned 'cy means of 8. phwg—call i s T e e

rn, Main engﬁne te&ta at e aomprenaion rauio of 1:9"
: For rhe Zmd atage of develcpment a comprassion rat io of 1:9 wes. se‘euted for :
_tha main BMY 323 ongine operated by the ring process: - In apite of the faet that
" the sompression was Quite aonaiaareble for gasoline mixtures the. engine ran without™
knaukang through:all the vsrious ioads fram 4diing %o teke-off power. . Aa edditiomal
improvemsnt was obiained by introdusing o cortuin nnoun& of sirad ifiLHuZOD in son~
- Jumection with inferior micro-mixture of ¢he fuel ., By means of latex fuel injectxon
. 2nd adjustmant of jet-direction and agomisation of “the fuel the mixtu g . vas infla- -
enced sdvantageousiy. 1% beunme possible tc operate on the ring pvocesa using %he

s0oling affact of the fuel, &% high thermal loads (take-orf end eli mbing: whic¢h was
‘not possitle in the 1st. developmant otage (f' 1 B) beeeuse of iga“ﬁion fazlures or
umsteadvqrunning of the- engine (Fig‘ﬁi

The advvnuege of in*reanea fuel Lonaumption at high powers 18 obviuus for. mech*'
spical ressons. ThHo meXinui presswre of 110 atmoapheres at ‘tnke~off power repre-
eents the str”ss 1imit for the unaltered structural - comncnen*s pud ‘also Por the
TMOYIHE p“r‘*c ~Use of rish mixture and the: ¢hoize of a fegoursdle *cnit’don feel
injedtion uimﬁng led t0 a decrease from 110 to 95 atmosphcres, iie. only 10 o 18
stmospheres abov& those of the ateadard Bﬂw 323 engina. - The dete for the mazn :
'engine wiuh compress;on rn io L% are as rullows'-w BM? 3?3 power unif: cyl;ndér&

S B j i



SN

j?spsrkzng pluga ror auzzliogy

xith 8 fuel and 1gnition—rue1 1njeotionunazzle eacb _
1gnition~* atendgrd coaling~‘ piaton* pa for a: onmpveeaion ratio-of ~‘chrome ex-
‘haust valves euxiliary 1gn1tion aystem with hattery ang’ diutribuﬁor-- automatic regn
‘istion of el quant&ties ae woll as" cnntrolled 2008t - preasure performanca approx
.mataly equel to that of: the ‘BNR 323 8t oorreepondingly ‘Jower. boost«prasaurasy Toel::
‘yonsumption for cruising power about 1859/bhp hry: 1gnition*fue; eonaumption 18 to
22m3 Jatroke yer aylinder; ~when 1dling ebout 40 mm3/btroke each cylinder. As the
/gafurance ‘run:of the engine wea. euccussrul the" following questions should te. lnveati'
:agatad 4n flight festa with the Ju.8R:= Performmnca and fuel- ﬂonsumpticnqu varioun =
Halt*tudee also tha necessary air’ cooling Tlow Y- maans of Ltha air cooling
- mentioned above oheckang ofﬁthe ‘complete contnol_ayatem,,operutxon bahaViour and
¢?b@huviour of the auxiliary ignition syatem. .. When the test rlighte h&vo proved’ tha ;
engine’ compiéfély"sérv°ceable ‘nigh e1% 1tudo tlying shalil be underiaken with they
ﬁuingle engine airframo of the' HS. 126 in- oraer o establish the greateat advantage of
“%he: r;ng~procees Viz. tha facu eha« the igmition syatem i no? affecﬁea bv htgh
'altxtudes.«;;¢Wf—; e s : o

*&: Vbrioua qyééticﬁé‘”“t"”“’”‘;""'“

>"», Now sama Xﬁema wi’l bq diauuased whlch &Ye. of partleuxar 1nuerest in conw'j
naﬂtion w:th the %ingﬂproaess o S ,‘jv, S ;;* S o S R

' ne bave already saxd that the knockﬁbahaviour wirh an engina of compraasiou .
ratio 1:8 ig nbout the same a2s with o gasoline“engino under. thn sama uonditions It
As alte:ed in favour of Lpe ring procaas when the ecdmpression ratio 18 1: 9, if suit-
.able measuTes are wkanh e.g. stratification and modified funl delivary - roﬁardad
“gsard of n*ectiom diraction of “jet and infarior mlcro-mixtura of ‘the fuel} Ta.
‘%will ther find snacial advantag a5 with regard to the ‘eruising power. A% about the i
" some meshaninul lcads \peak preasures) the epark 1gnit-nn engine hae & romparabla
‘7compreasion ratio of 1:8. A rurther edvence in the use of 1 1arge valvp ovarlep

,'anco -4e schieved (Fzg 163 Thia affects chiefly the reg1on of lowest fuel ccnsump
“tion, since this mey inoreaee béﬂehsé of the position of the reguleting curves {n
frela*ion to the knoels 1imit In adﬂition ignition h0351u1038 sre’ improvad 8t lnw
"loada and idl;ng because of tne flow back of exhaust gas 1nuo the cylindar.‘,f

U e may expect a ms nimum fuel oonsumntion of lea gfhhp hr‘ at ground lavel
t:155 g/ Ihp.hr) whieh’ slways xn&ludes the ignition fuel . - Atteution 1ig drewa to -
,the faet thet ofl eonsumption is elso inc¢luded in tha fusl cOﬂsumption - “Thatr. sum
18 apvrox1mptely gonstant. - The detn relate 20 3 to 5 g/bhp by, An-adventege over
zhe spﬂrk irnitiop engine is the fact that wea? ‘mixtures can be uged in the ring. .
procaas w*thout sgnition faslures and in gpite of. inexautitudes n ~ontro- ‘may -be ;
.gonqAnereﬂ for aconomieal operationQ,: Thens fasts 2nd the comparahle uomprenazon ;
rato of ‘the spark ignition engline {%meé—mantLoned above in-comnnection with ¥moek- - —
. beheviour, allow ua to expact aa economical fue‘ uonsumption whinh for the ring pro~
cesa-ise 54 Tower ol S R o e .
‘ We menticnad already tha? cylinaar »ooling bna @ mu~L greate* Lnrluenae cn
._the engine opewaticn than in tho spork-ignition engine Y the start of iguition 4B
" lintted by a3 definite minimum ¢harge temperature.  The warkvag range Tay Be- ingreaged’
by suitedblse meesures: direnpion of .the ignition’ ruex jet on ta the hot exhsust- va*ra;
 i{mcrease of the igrition fucl ouantity end 1ts retarded introduction in the lowar:.
 power reages, and moed of ail air cooling eontrol whizh keapz ihe zylinder heed hot

8% Low power outputs. - The latter is much éasior with the water- -cooled engine than
. with the eir-coo;ed",,‘Tbe »ooltng aiT.nest: 1088 18 about 15% lower Tor the ring
process then xith spark ignition. Thie is sn advantag ge of the ring provess. con~

uidering the »uollh difficulties of air and water cooled gngihes. ot high altitudas.
Yo cennoi give the ‘rezson for the lower cooling.air losses hecause wa e 76 not=made.
suitebls tasta, -~ Ye- believe thet the bent. vrﬂnsfar from grato the eyiinder &sils.
decressss: teseuse of the smaller gos movenent aris:up from the chengaed comdustion
procass. - The gedu»ed coolinp air’ r]ow also results in'm amn.lox pover 1053 %o the
voo}ing gir: ,I_g_ I v.-lf AR TR IR R . : N

e to bahnvLour st alh ithde thé':iﬁé:brboésgtp?oviéés texiton vnpffested



by eltitude whils ven"at Iow altitudea park. ignition~ia only poreible with
“spociel rltitude {gnition systems, altitude aparking plugs with-e suitable. cab1a~ :
Tacraening, aly presauriaing a,c( In this. ‘conneetion we. must alao rention: tha%*t
aigni*ion syatem of “the. gasoline ‘engine ig’ at present atill rery atoeeptzbla RTT
jfailurna in epite of: tha prasent ﬁavalopment -snd- it ceueea 8 vonsﬁderable numbar

R "‘.*,..rer1
: bova whieh cperataa 8 aeriea orf aparking
vplugS’from asbatteryavia'a,dﬁszribuﬁ The~ sparking~p1ngs ramained gompietely
servizezble a:%houbh 0ot inrponstantius _4Starﬁ1ng aids, e . emn*@imb chavccai
cox an . admfztu"e ‘of ezhaugt ges witn the intako Bir” failed - 0ng way . seems powaib;a i
It moy well bc'thau $he 1gnition-11miz for the &gnitlon ruel wouid “he zeaehea B
."ow 5ntake g-k% 0 temperatures by using. & gasoline cterier motor end hrank g for soms
ime with. 1gnitzon fuel: quentities shove IOOmm/stroke 1 posai%lu and a- rotarﬁ&d .
-:iﬂjection istarﬁing ao %0 40 degross. before fop &oaa centre) as-well as: odm&xture of

" the axheust gases of the. atartzng angina with the ;nta cer m;rv gﬂ"an @n engine wieh
-':100o crank anvle valve ove*lap. " ORI v :

Aphé euxs1iary igni ion 3yatem nescrib

. oetislac%ory idllng and 1ow powers cen oe ohtain@d at low ogﬁsiaa temperatures
J.by addin emhauat gasas to the inuaka air ERR

The cava of .he rimgdp?oaeas 13 a 1% ttle greauef %ban far the auark igﬂltﬁon
enagne | The rimg oo TOGI8S uses, the 1njactzon system wilth & sasond - injecbion pamp;
-+ ignition=fuel nozzls, iuje»tion pipess conteiney, auxiliary Agnition system &s an- ,
“intermadiste . sotutﬁon and the ignition-fusl as supplemnntaxv fusl, whereas ths spark~
‘4v1gnitﬂon enging necds—& compliceted altitudc ignition-system, vlz magne.os abla-
.'aeraaning sparki ng’plugs air preaaurisiug and—safety deviaes

, Far »onurol of uhs rﬁng proceaa as describad the rollowiog are naweaaary .
- Powpr regulation: ns_for the gpark. ignition engine, viz. by boost pressure and vixture.
mntrwy as well ss regulaticn of th& ignition fuel quentity, which will parbapa
require a. two position adguatmsnt‘ - Purthermore, by changing the inject on. timing
of the ignition fugl Tor iﬁling and small loade dy suiteble. construc jon o the pump
plungers regulatinn of ‘the cooling air flow from zero o full flow, exhnuat 883 -

admixture to the inteke aiv for 4dling ar low iceds’ at low ontside temperdmures
{o.@. 1 at. high alt ,uae) ‘;;v‘_ :v.u.«“ —5= _,;“_”,  -‘“fif' - ‘

L ﬁe hadxﬁsffrcﬂlty w*th %he. ignition fual pump. only ¢arg must ba uuhen zhat uh@
‘del*V9ry quantities of the individuml pump’ ‘plungera are exietly ”dhu roiled.. | We Y
 found with the igaition fuel injection nozzias—that the cpan typee gave zoking of t&a'
nozgle, end ths closed nozzles gave trouble during the Jnjection procoss because of
‘irregular opill. - But. developmanta 80 .fsr allow us te¢ Buppose that in time nozzles.

e bomh the open and tha cloeea typa will wovk efficxen+1y g7en in uhe bl srand«rd&aad,
- foym, T S / : . _ :

N Ign1t¢h’11uy of the’ 1gniaion fuel R 500 cen ba taan for g"an.ed . Xo corrosion
- wasg obseryed. . I¢s low spiorifis velue hus en nnfavourablp sffect on enonom;u poR -
sumption gaoaut 3% iees) as it includes the consump%ion alrawdy mentxoaed o COneump
tion from gxuis*ng DORET %O takeooff nowe As L] 20 10? of ﬁhh fuel LGDB“MD&KOD'

) ).
f ;, Advantagea and &isadvanﬁages of the ring pPO&GSﬂ

'1 In summﬁng up wa may suy 7hat hes mea a&vancege of bﬁ‘ rxng p?ocecs g

uompar¢d with. the Oste process of soro engines {8 the following =~ 1% gzvas WE oK
igoition system which ins mot affezted by al%itude, im other words, ne may Glapense
with an elsetrical agniulun system which very mosily forla ang Lhe uge” o; chish 8«-
axtreme altitudaa hoes not been aufficientxy developed SRR L
. Fu"%her advantages are 1n particular the more favourable voolnng 2on~

‘d‘tione for high-alﬁitude angin»s g high loads, #nd at very groat altitudes also

- 'the genaral insanai%iviﬁy of tue wesk mizture operaﬁion %o ﬁﬂcxuct mix?ure regule%icu




e Disadvantage ;are the: neaeasary resulatikn of cooling alr b P

;ahzc,‘in uot*aolvqﬁ_yg&r*gapecially 8% lom emparaturea -and: the! muxiliary‘,gaitioa
;]aystem; uhehreguletion ‘ofthe c?h&ﬂﬁt'@ﬂ» i xture. for spec‘al' peratiag:conditipns
ey $dling et high'eltitudes) aud the;”omawhat [ atar “Ost ?n“covpa'aéen-uo’the
jﬁspark“gnition engina

;‘) Conclusion——

Cp concluaion'we may say thﬁt erter 2% yeara' deTelopment &n air coo‘ed
~*radta1 aero enp‘ne was constructea 20 operaue on the ring pros¢ean end dﬂ?e;Oﬁ“ﬂ toa
’jpractxcal otaga Spe*ial qualitiea of the sir: oco;aé sadial. eng.ne apd’ of the. r*ng**
. progeas CYiZs the grentar euscaptibility to temperature of zhe latwer and ‘the high
'mechaniqa* 1oada ‘of the former caugsed’ the. gevalopment %o teke plaﬁe M ?ery unfavourable
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