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! -USE{QF- FRECONFUSTION CEAVBER TV THE RING PROCESS

Br:o“ '..“.Lu‘e., Using’ 2. D3 6"0’ - cyllnder w:.th a H:.r .,h pre-
omous*.:.on Tonanibot . il fersny preﬂcmouo'bw on chembers of our own: mnufac’bure.."f"
and. the prasowbustion cmmba cfan MM - dissel engine expermonts were e
carried out o iprove- the im y:lf ochpncu of the ring- proces -,
precombuc'bl on shomber .of. our qu lﬂanufaccure o 'general raising of the knook -
limit By 1 to 1,86 IEP was u*c':qmed wnilst in the automatic intake pressurej ‘
Provess the. su 03 eom Lodd Tins obt'\"ned as in the case: of the. gasollne
‘process ard. ths » prosess With dwreﬁt ;ngecmon, In general it wes
evtdenty . that tm:s»» evonﬂ-hv"a‘i‘u;_ shember—was only really efficient in the vory
“lean mi:v:tuzje regicr; whilst during enrichment the precombustion in the..
" chamber, wes- bad owing to lask cL-o:'vr"cn, ‘Thus-+t o obtain the best performance
it is necessary wo advance tis R injection angle, " With earlier mjectlon
the knock behaviour deteriorates, In spite of this ‘the experurenus on knock
 behaviour imdicate thnt this kind-of ~igrition-is bebtber than i the djrect jet, . -
- = Purther: experments—wa.—l—l —be-necéssary to,show, whether hv ficong of e.ppropriate '
“alterations it is possible to improve the performances irn the wery rich and”
~lean region, where the performance of 'bhe dlrect 1ngect10n wo.s nntched only
by 'bhe Hirth :chomber, : R -

Purpose of 'l:he e::'oerime“rbs -

In the pr ecombnstlon o‘mmber of the’ d16‘961 n‘otor InI‘u of the ‘
comaastlon space {about 20 to 25 por cs nt) is constr*c'ced through o barrowing
of the main cc*n‘ousuon space, Thae snauer part’of the injected fuel burns
horo and the ensuing excess vressure blows .the prepared mixture with strong
a'bomlm’clon end turbulence throvgh the constricted possage into the mnin
combustion space, The purpose of these tests was to- ‘show, whether there was
an improvement in.-the ring process through & similar premixing of the
1gn1'bed R-fuel scpara+0.|y frem-the gasoline; fuel espocinlly in the knock
pkope"tlcs‘as compo.zed Lo tho gasoline process o.nd the dlrect R fuel 1ngection; -

Ca.x *v-.nu, cut t’m e*oo*:men

R A Eivin p’t‘e(,ol'ﬂ;h.:-'tlcn '-hambcr (plute 1) wes used in 'the flrst
instance which hnd teen found sorviceénble for their tests with the pumpless

—R=fuel—injection, (Report: Hirth Yo,E,200= 147 of 30,7,41) Then preoombustion
chambers -of d:.fferent shape were constructed with a capacity of 6 to 10 cu,cm,
severc-l of V‘hlch are reprodm ed W:Lth moun'b on Plate 2. ;

T ‘;.lee e,...ern...; d.umorsn.ons of these sets were dependen'b on ‘bhe spc.ce
availoble in the bory of -the cylinder; +they were introduced intc the fixture
-with a clec.rc.nce of 0,3 mm, ‘S0 thnt heat condustion to the outside wos :
interrupted, = The tempernture of the Hirth precombustion chember was teken
outside on:the wall (plate 1); the wnll temperature of tie precombustion -

" ‘chomber” “Bets mede on the test station was determined by an inset thermo-
slement in nccordance with plete 2, The regulation of the- precombustion
chnmber temperature was effected by blowzng in compressed air, ‘

: [
Ind10at1on wos not possible mth the H1r+h precombustlon ¢hamber
due to its construction,” In the case of the chambers of our own manufacture
the pressure connection to the quartz’ chnmber was provided by a side hole with
a short duct, The deley.of the pressure indicetion through the ‘duet was of
‘no nccount as it was only necessary-to establ—ish_whether in the. precombustion
chncmber any crm’bushon ~t 911 took plr ce S ‘ TN -

“The tests were /carrléd o"t on'cn I, G Research} engine, fitted with
e DB 6001-cy11nder. Tho precombt.st:.on chumber was screwed with the flxture

3



,_'?'in'bo a° horiz orrbe.l bore oi‘ the cylinder as. shewzr on plate 3. The- DB cyI:.nder
“{Series 4) emrsloyed hed the ol lowing, timmgs' LT o
: 4 Inlet opens 259 BTG -.Exhaust opens 53° BBC
sl [0 Inled closes 70°ABC Exhaust closes 34°ATC
' .I:. ; DA : -
i-,,_Overlap 59° Compress:.on 1 8 BT
' j‘uel E4 vn.th exceptlon of 'bes’cs ‘on Plate 5. where C 1 wv.s used.

“Fuel: Pump
6“

_' Bosch PZ 1/110V» ~~63:3a Nocken i‘uel nozzle - standard l'oro.nge ‘
jot nozzle No. 9 - 2137H : : , S

R fuel .pumP. ~BoscH PE 16 60 G- 1oo R e s
’R fuel nozzles' Bosch DV 2312/1 TP—Duscn 0,3. ﬁ SO° :mcla.nntlon (see plate 2).

;'Speed 2000 revs /m:.n, B
‘Boost air temperature ‘80°C.

‘Expermental results. ‘ : ;} SRR R G

1) leth precombustlon cho.mber e S

- As seen in 111ustm~bzon 1 tho R i‘uel ~nozzle wns here screwed into -
the slantlng ‘bore of the chamber top,so as to squirt egainst the wnll of the:
precombustion chamber, ‘This arr’xngemen’b had the most favourable results in
the Hirth experiments, As illustrated on plete 5 the experimont shows, that
the precombustion chamber- {designation of the curve:. ‘precombustion chamber
temperature varieble) in the nuto suction process reaches cbout the same
meximum perfonnzmce s the gnsollne process and' the R fuel process: with
direct injection, in the 1ern reglon however the perform-nce fo.lls off earlzer
than with dlrect 1ngec'b10n S o / . : :

The cool:mg c.lr s‘bream was kep‘c constun'l: overthe whole range SO
vthat ‘the preconfbus‘clon ‘chamber tempero.'bure teomperature fell from 280° to -
220°C with incrensing » . Ino- further experiment the cooling of the mre-
combustion chomber was regulated so “thot the temperoture remined between -
°320° and 350°, As & result the maximum porformance was worse by 0,5 MEP,, . -
'although in the lecner” range it oppr ‘onched the verfurmrnce of the dlrec'b o
injection, Inoll following experme ts the precombusiiva otnmber tempern'huxo
was meinteined between 280° and 300°. in this comection it ‘shoula kg notod '
-that even in the very lean ronge there wos no-need to interrupt the flow.
of the. coolmg air completely, ' It is noteworthy, . that with “the Hirth pre- ',
oombustion chamber in the rich mixture region the f011'in porformance occurs
at o loter stage thon with direoct injection, and ‘the woarmér. the: precombus‘hlon
.ohnmber; the later the fall in performance, This is olso-the case in the . . .
xnock tests (cf plate 6), This bohaviour of the. Hirth precombustion. chomber
goems to depend on the construo‘blon of the chamber,’ as it did not occur at ° :
~all in the precombustion chambers which -were oxomined ot a later stoge, The.
"R fuel quantity required:with 10 cu mm/stroke for the best performnce over
“the whole rango amounts. to about helf the amount requlred for direct m;;eetion.v
Even with considerably smnller quentities (4-5 cu.mm/stroke) trouble free = ' - -
" nebion is possible espécinlly in the rich mixture rogion, Whilst with direct

injection the injection sdvonco cngle is 70 to 80°, in the oase .of the pre=-
combustion chamber process it was necessary to advance the R-fuel. injection to
ot least. 100° crank-ongle and still earlior injection $0.200° cronk-angle BIC .
..produced no decrocse in the. perfonmnco. This fact is-surprising es for the
Diesel engina with precombustion chsmbor no ¢ssentinl’ increase’ of the igrution .
- lag compered with direct injection was npparent The explamation for this’ co.n
be seen from the course of the combus‘t:.on rs i]lustmted belorw. :
' On plate 6 figures 1 o.nd 2 represont the lmock limi’c curves. for
B4 against consumption and - X obte.:.ned with the Hirth precombustion chamber, .
It is evident that. the precombust:.on chember ond likewise direot injection give
“worse performances in'the lecn region an better in the rich range than -
gosoline, As montioned previously, with the precombustion chamber a h:.gher
enrichmen"c con be achieved, so that with 2 0.7 (maximum of the Otto - curve)



Lmdm

—on’ ,ixﬁprdw}oment' Qf'd'pp')}'ox:' ch L';BP +okes place, In fig.vfl' the szazr_i_a' value is.
. obtained for o’ consumpbion of 260 gm/ﬁ? hy, e -

" 2), Precombudtion chomber of our ‘own.mopufocture - oo
s R Tor,shcw,ﬂ'ze"influéhce, »of‘-'ﬁh’o volume cnd shape of the. chembers.
_yarious sets were examined, The;préoomb'iis'ti'bn'éhamber,'ysetgf-repres_eh";ed. on_
‘plate 2 vary in zapacity between 6 and 8 ou,om; the diamster in the narrowest
‘place betwsen 4 and 8 mm, Different R fuel ‘nozzleswerd introduced, straight.
'and inclined, perforated plate and pintk noz z1es, Hovever, all ‘these shoved .
no essential difference.’in beheviour, - Tho beost performance wos obtained as -
in the case of the Hirt.h,E;ecombustion:-qhamber"with&n.;in;jec‘cion‘_,pf _,10._cu;qm/
- gtroke and-an-injection-advance engle betwecn: 100° end 200° BYC,  The ¥nock
limit curves cbtained with these precombustion chembors sre shown on .Plate 7 .
ond result for the sets 1 to 4 in similer knock limit curves os the Hirth
precombustion chamber; in. comprrison with the gesolihe process there is a.
worse knock performence with bxcess air ond sbout IMEP better performnce .
in the rich rerge (A = 0,7) The shupe of the set. (No,6) with the rarrowest
‘place in the mouth of the precombustion chamber 'is obviously not suitable, Y-8

is evident from plate 7, figure 3, 'In the leon ronge also Set No, S (plate 7
figure 2) gove o higher knock ‘performnce thon the gasoline engine this had .
o perforated. intermediate plete shrunk in, dividing the ante chamber into - |
“two compartments. The nock limit hore is genernlly higher by 1 MEP at A = 0,7
(gasoline meximm) oven up to 5 MEP higher than the gesoline process, -Ina.
" mixture loop without ‘boost the same performence was achieved using the pre-
" combustion chenber insertion No,5, as with direct injection and the gasoline
procoss (plate 8); in the rich and lean mixture region however on earlier fall .
in performnce sots i,nc N S e ’ C

b

S . The ‘mos%t favourable R fuol quantity is again 10 &u,mm/stroke, - If
this is increased to 20 cu,m/stroke, (plate 6, Fig,2), the kmock behaviour
‘deteriorntes; and the knock limit is depressed to the. minimum of the gasoline
curve in the lean range, . o S .

3 Reactiong in the fpreécrmbustion’ chamber: -

, In view of tho abnormally enrly ignition point with the pro- N
combustion chamber, we. rocorded in- the indicator disgram what ‘happened duiing
combustion on plate 9 are illustrated severnl prossure crank angle disgrams. -
using precombustion chember no,5 the latter was found Lo be the most favourable.
one of all the differenmt chambers, The dingram is to be read from left to
right and shows the combustion at first in the precombustion chamber, and then
“the pressure veriation in the moin combustion chamber which trensmits -itself
with slight delry to the precombustion chember,. It is apparent that in ‘the ..
very leon region (A= 2) a sudden increase. in pressure occurs in the anti- '
_ chomber ond ‘the meximum pressure in the ante_chamb,er exceeds that of the
mnin combustion chambor, The more fuel is injected, the further the pre-
injection angle for optimum performance advances. (from 100° BIC at. - A= 2 to~
© 180° ot N=1) The pressure rise graduclly falls ‘down.tol = 0,7 where -only

'n very small-prosturc change is obsorved in the antichamber, Conseg\iently the"

pressure in the mein combustion chamber increased _owing o enrichment’ of the
‘iixture, Due to lack of oxygen very feeble combustion takes place in the
antechamber, and results in n delsy in the jgnition of the charge and it. is

necessery to cdvence the .injection timing, A short experiment wos mnde

by closing several of “‘the bores—of-the mein fuel nezzle-iu ‘the vicinity of the
.- precambustion chamb-L» 1‘0 ahbeil o very puur mixturej however this experiment
was not supesrul, but if a lominnted fuel cherge could be obteined, the
D._ng.,ghambp,..:oulfi function with increased efficiency. The knock 1limit curves -
. shew .ot this kind ofignition is bottor than the direct jet, as the worming v,
, gt e e +OML: 18 - DeLROr- 1 . t Jev,. 4s WOITing up
T of.'bhe.R fuel in the hot antichamber results in o more uniform combustion in
the mnin-combustion chamber, =~ . =~ S
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Tegse on the dlsssi—engines

~.° .+ Bume experiments showed deviation from the known combustion prosedure
© .of the dissel enginey for this recson comparative tests were carried out on -
fhe irtter.with an enti-chember developed-for ik, ~ To test conditions ‘obtained
“on additicn. of grsoline, » esrburettor was fitied on ‘the suction tube of o T
‘setionnry 11T, diesel motor (design WL, ¥ 18) £o thot during the-cyele .
gasoline mizfure was -sucked in, -The standcrd type of engine is fitted with. ..
& procombustion chamber of sbout 28 cu,om capicity. ~ This os shown in plete 4
i3 built in vertieally in tho ecylinder head, and is-situoted on the side of ™
the cambugtion chamber, The ‘burning fuel jet wms transferred from the anba= -
chamber into the moin combustion chomber through 2 bores of 3 . diemeter, -

© In the siffe bore the quartz box or for temperature measurement the thofmo-
elcment wms ‘screwed inj with this the mean’ gas temperature of ‘the ante~ ‘
chamber, we:s ‘teken (the side bore wrs used for the introduction of the ignition
_paper &t the start of the exporiment), Calibraiion vms carried out cne
_bypioesl diesel oyole, i.e. without gasoline eddition, and no essential
~difforeénce was. fcund -in the diagram by r asing either R fuel or gas oil as “bhe
fuel, Uiegram- % e Plate 9 shows the pure’ diesel cymle (praoombus'tion; ’
‘chamber end main combustion chamber diagram are here superposad ), About 20°
BTC, i,e, 8% alser injection starts the ignition took plece and & ‘sud'd/Len
Ancrease in pressure occurred . in the antochamber; this-dies awey in
occillations until the combustion pressure in the combustion chamber trans-
mitbed itcelf with §° delay to ‘the antechamber at the same tims gasoline
nixture s suaked up (diagram. k ~ n) “she same occurs here as in the previous
experimente on ths aero-engine: the combustion pressure which occurs in !
the anso-chamber decreases. continuously Writh increasing enrichment of.the ‘
mixture; the combustion becomes wesker due to jeek of cxygen, If uovertheless
tho temperaturs of the anbe-chambor increases with nddition cf gnsoline this
is ottributablo o’ the increasing losd on the ongine (The temperature in the
- diésel operatlon, dingrom.d:canans be compared with the following &5 . .
comprossion hers wags altered'from:gjs 18 ©o 8 = 8, 50 48 'bop'b'l_:nin a5 similar
conditions as possible to those. in:the gasoline engine), The injoction °
timing under the different circumstances, was as in the diesol operation,
invericbly sot ot 28° BIC, -~ o T :

The inferior combustion in the atnte-chambor of the dicsel engine
oocurring likewise when using gasoline shows thot this properiy & zot -
speaific to xour";i_.,exe;z,e;r_-'-‘1._1515':,1.’&#?61~IL.precombl:istion chamber, ~In-spite of this ¥o
excludg;.p._gr’sls;iible constructionel errors by using precombustion chambers of
our "cwrrmEhufacture, the original-chember of the diesel engine was built
into the nero-engine cylinder and core was token that the mensurements
romnined the some as for tho diesel engine (plate 4; fig,2). -
[1lustrotions e S R - S
on plate 10 represomnt the ‘combustion process in the IWM antechomber on the -~
aero-crgine; tho pressure in the onto-chombor and the mnin combustion - - -
chapber was measured simultancously with 2 quarta bores of different
calibration so that both pressures are represented on different scelos,

In reality both pressure mexime are precticelly equal, The experiments - -
“ecarried out with the thrée injection timings 70°, 120° and 180° showed that = -~
- jnthe cuse of this ante-chamber with the dormel injection timing of 70° BIC
an uninterrupted process is possible; thus strong precombustion oocurs in
_tho anbe-chamber, (Plate 10, right column), An advence of the R fuel v

injection timing to 120° (middle colwmn) ond 180° (left columi) as in previous

experiments results in a bettor performance (higher pressure in the main

,_c;gmbusjion chamber ot the someX ), however the rosult for the chs._mb'er‘ is a.

100 earlier rise in pressure than in the later injectioms, though the
. presgure Tise is considerably 1ess; It seoms, that due to earlier dgnition

~‘ome port’ of tho R fuel has entered the miin combustion “chamber. bef'ore .

- ignition tokes .place -in the chamber, . On ccmparing the performances at the
xnook 1limit (plate 11, f£ig,l) for the differomt injection moments (180%, -

1209, 170° BIC) we find that with later injection the lndck 1imit is higher

* 4,6, the stronger precombustion in $he chamber- improves the Imoclk properties,
The gasoline curve however is exceeded by the diosel chamber in the rich .

e
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reg:.on only,  On comparlng 'bhe perfomance curvcs~at normal-pressure luter
injec'b:r.on gives a worse. result (Plate 11, fig,z) In tho week region the
performpnc? decreases’ w1th decreasing: pre-"ngeo'blon ung"s ‘At 70° BTC missing
oceurs already at 7\ =1, without attalning the meximum lozd of the gasol:l.ne, S
eng:.n—c“.ﬁmllarly ot 120° ‘bhe lun:\;i? is “reached" At N-=-0,9 and ¢ at 180% at -
% =0,8," To ob'ta:.n the meximum performnce, as-can algo/be seen from ’bhe
—dﬁmams ‘on plate 10 an eerlier .\.npec'l‘lon o—i*—P—fueT—;"—ﬁeeeesary, ~ Dxporlments
corried: out with the antechamoer ‘of —the-diesel engine siow 10" 1mprovemem, 1n
the ’leonohlp in c,ompa ison. wﬂ‘h the expe"rn.en"al ontechank 'he* o

To plaw 5‘ '

Ma.un power ruel' Cy; 1ngection start 50" ATC nozvle l'ofe:ﬁge—eja'b—

- Boost air 1 80°C, 760 mm Hg, . . -
R fuel: . 1, Dlrec*c injection 20 cu,nuu/stroke 1ﬁgect10n start

. - - -80° -BTC, nozzle, Bosch 0,3¢ x Ly

_'2 HlI"'bh antechamber 10 eu, mm/stroke, 1n;)ect10n
star‘b 120° BTC noz.zle Bosch 0.3f = 1. :

- — e .
NETES .
e

Géséline "c:es;bs:'. o 'Ignl'bn_on 58° BTC ‘,' b
'l‘o plate 6.. L o v e
N ! AR
Main power i‘uel° - B 4 in;]ec'b:.on star‘b 30° A'IC no,.:;la l‘o*an,ae 6~ ']C'b
Boost air:. . 80°C, pressure verieble ‘

R fu.el' Lo 1 Direct 1n3<ac’c10n 20 cuemm/.,tro&e 1n‘jech.oh .;Lar'l:
: : " 80° BIC, nozzJ.e Bosch 0,2¢ = " :

T 2 Hirth a.ntecm:xmoer" ‘10 cu,mm/stro;co, 11.jec;clo‘1
SR R star’c 120° BTC, nozzle Bosch O o,d:r i

Gesoline bests: - Ign ‘alon 38° BTu

‘Io_piate 73

Mg in ‘pvwer' fuel: B4, inJect:.on start 30° ATC nozzle l’orange 6-361:
_Boost air: . - : 80°C pressure veriasble L

"R fuel ™ . o L, Direct “imjection 20 cu.nm/stroke, 1njeot10n s‘bart

) . - 80° BTC, nozzle Bosch e, 3,dx i, . L

\ o2, Antecham'ber test” w:.th 1nser'b10ns~~'~of ---- our--owa- mnufac'burom."...:.

20 or 10 cu mm/stroke, 1nJect10n start 200° BTC nozzle
SgOTOUL " own ma:nufacture TP 0,3, 30° :

. Gasoline "b'elst's : ‘Ibnrbl on 38° BTC
: ) / . i

'Tovpla'i:e‘.S:' oo Lo

i

Main power fuel: B 4 in;]ec'bi‘on‘ start 302 ATC,, nozzle 1‘ox.;an_g’_e B-jot- »

_ Boost air: - 80°C, 760 mm Hg, -
R fuel - ‘1, Direct ‘injection- 20 cu, mm/s*roke, injection 80° BIE

aed T - ~ nozzle, Bosch—e*s
‘“.2 An'bechamber No 5 10 cu,.mm/s'i:rcke, 1nJe\,t:Lon s-ba.rt
200° BTC nozzle TP 0,3, 30%. " =
- - !

Gasollne Test é *gm'tﬁon 38° BTC
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Ioplate 9 !
v“_—-.‘_— I / E . . ; ,
CLeft s:.de* L ' Gasolbne%_renglne DB 6001 cyl:.nder, D:La.g-'am Q- b

Mnin power: i‘ue B4 1nJec'rl§>n stars. SOA_ATC, ovzle, 1' range 6-je'b
‘Boost air: . ~‘_80° G, 760 1mm Hge— : T T
R-fuels - .o .prcco*nbauulor r~n9,1'r'ber No 5 ' : ' :
T e ‘ tO ‘cu mm/stroke, injection s’cart 100° 150° 180° BTG
S zle TP O 3, oO° ‘"‘—“‘— S S

Right side: .. NWM d.-.esel (KD 15),: jagrem i em

R gasollne ‘addition by means of carburet'bor (B4)
Suction - air: .. room tempera-bure atmosphere pressure . .
'R fuel: .- injected into & s‘bendard precombustion chs.mber '
R SR 11 ‘eu mm/stroke, :miectlon start: 28° BTC

To Dlm,c 10

“Mein power fuel B, :Ln;]ectn.on star‘u 0° ATG nozZlo. l’ore.nrre 6-351;

. Boost sirs - 80° 760 mm Hg

‘R fuel: = - S precom'bustlon ch,amber 10 cu, mm/stroke :Ln;;actlon s‘bar‘b

T e 180° BIC (diagrama = e) Do : v _
1200 BTC (diegram £ - k)

‘70° BTC. (diagram 1l-% 'p) _ ‘ . _

Nozzle Bosch O 3¢—x~1 ' et T [

—-To~—o.:.ato T3

Ma.c.n power f‘uel B&, mjec'blon start 30° _A.TC Nozzle 1'forange 6-jet,
" Boost Air: . 80°, 760 mm Bz, — e
R~fuel: - MW precombustlon chambc. .
-~ 10 cu mrn/strozo, mgec‘lnon start
~1R0° BTC - v
.120° BIC .
/O° “BIC S
. mozzle  Bosch O 3}5 x 1
- Gasoline test ; Ta-n:.t:.on 08" BJ.C

: Pla'be 1 Ins‘be.ilo.t:.on of the ‘holders for the Hirth precoﬁlbusfionv chomber
‘ in the DB 6001. cylmder, o L e '

‘ _Pla.'be 2 Inste.llat:.on -of the holder for the precombustlon chember in the -
e DB 6001 cyllnder. , e . }

IR ’“‘Dn.fferent precombus‘blon chamber se’bs. '
: P’le.'be 3 Installatlon of - 'bhe precumbustmn cham'ber in the DBS00L cylﬂader

Pio.'be 4 Insmllatlon of the MNM precombus*b:.cn chember in. the. diesel engine .

KD 15
Ins’calla'blon of 'bhe uracombﬁstlon chamber in. 'bhe DB 6001 cyllnder

' P"ata 5 Hirth precombustlon chamber 1.n comparlson to the gasohne pz)ocess a.nd
dlrect R fuel 1n;|ectlon ; : T o v -

'Pla'be 6 Knock 15.m1t curves with the Hirth precombustion chamber in comparison
N 'bo the msollne process cgd dlrec'b R fuel 1njec'b10n. ST e

- '~Plo.'be 7 Knock l:un:.t curves w:Lth precombustlon chambers of our own mnnufo.c'l:ure

: "Platc~ wP"GGOIIl’JU.btlon chember 5, 4n compar:.son to 'bhe gasoline process and
dlrect R fuel injection, =’ . P o

Plate 9
" Piote 10 Precombus’cion chamber of the MNM dieseTjengine\.}n the DB 6001.

" Plate 1L





