FD2865,46161

BIOS: No. A1 ﬂ '"f; 1,6, (Oprau)
f?:;lz 40 R . .;~, o ;: L Raport.ﬂbagégf

APPLICATION OF THE RING-P OGESS TO THE .
. BMW: CYLINDER 132

Out11n6° The rlng process shows the same advantages with the BNW'cyl;nder -
‘especlally in- the ranges of part loads - as in other aero~engine- cyllnders
which had been ‘tested, It is ‘posaible purely by adjustment of the mixture to
‘idle .at constant. speed, Speclflc consumption between S0 and 50 per cant

" remains approx1mately constant on the minimum value of 1850 k ca;/% Lo, hr, ~

- (xilo calorles ‘brake horse power per hour) (1gn1t¢on spark eng:ne lvOO

Tk, cal/% h p.hr ), . _ . _i*f” R

a

, It is p0581ble to start the englne ‘with R~ fuel &t rToom uembelabures ;'
‘without a sparking-plug, The influence of the' cylmaer temosrature on power,:

and consumption shows that cooling-air control is mecessary,. Balow 1000° rpm._"

it is better for consumption to inject R-fuel only, When the" R-fuel ndzzle
is fitted into'a sparking-plug seat the starting behaviour becomes a. little
. better, but gives no adventage in'respect of—pewer—and—consumptlon. The h
1nject10n advance angle ‘can be kept constant(at constant ‘speed)for the whole
- range of logds; which is- not possible with’ water-cooled cyllnders "Further-
' more we can operate with the same R-fuel quantlty for the wholé range by
,1nJect1rg R=-fuel generouqu (and glVlng up a. particularly low. cqnsumption
for full loads) o v v ‘ ,
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Purposé of the tests:
e The ring process had to be compared with-the spark ignition éngine
‘[¥coess as rogerds power, consumption; mest favouwrable quantity of R-fuel’
end efficiency. We had to find oub. the starting conditions of tho’ ongine.
in tho ring-process and to investigate the relaticn-of warious worikiag-
“doa bo the speed, o S co

‘Corrying out ﬁheATesté;'“

he tosts were made with en "I,G," testing engine Lo walch a BMW
. cyiinder 132 N had been fitted, The prircipel specificeticns of the sngine
are - 155 mm, diemeter; - 162 mm, stroke; 3,08 litres capmcity, The main
fuel nozzle in tho plece suggested by the menufacturers on-the-dcunstream side,
. We used the Bosch nozzle mass produced for this cylinder, B<luel nozzle
wes fitted in the moin plane of.the cylinder st 45° to the horizontel
" (¢f diagram 1, sketch A), - The R-fuel was brought.into the injection pump
by & "Crastzin"/goar pump "ZE 35 mul" with an excess pressure of 1 utmosphere
The diemeter of the pipes going from the injection pump to the nczzle were. -
1.5 mm for both gasoline and R-fuel, The injection was kept constent for the
spark ignition emginotost viz, 30° before the top'dead centrej.the - :
“injection advance angle for the ring procoss was adjustad. each time for
-optimum value, The gasoline injeotion was edjusted to 30° after the top
“dosd ‘centre and was kept constant, The lond on the engino wes supplied by -
o Krupp water brake; the.torque of which ‘could ‘be read from a pointer scale,
The test point for the eylinder hecd témperstures was at the seme height as
tho mein fuel nozzle and ot an angle of about 16° with the exhaust~pipe,
“In order to eclimincte knocking- which will be investigated by specinl
fosts - we used YET 110" as manin fuel, 'The following specifications are’ given:
. o calorific volue. . o - e
Yein Fuol: . 7 BT 110 (¥, = 10500 k,col/kg ¥, = 0,715 kg/1 theoretical air
S ' . requiroments = 15 kg/kg) S L

Moin fuel ~  Bosch pintle nozzle DE 40 N 60 M 6
nozzle:: S I :
Anin fasl”  Bosch P2.1/100 V6351 -

'}:Pusz et o
LT calorific value : o S
Rufueli’ - R300 (H‘-ﬁa 6880 k,onl/kg ¥ = Oy91 kg/l theofetical air
' * requiremen%s 9,35 kg/kg L
o e T B RN &
R-fuel mozzle: Bosch DV 2313/2'(pintle - nozzle, 20° taperf

. Rfuel pump: Bosch FE 1B, 6 mm piston diameter

-Compression ratio:  1:8
"Véivo?timipg: -7 . Inlet. opens 20°1before thé.top doad'cqnfnér
‘ o Inlet closes 77° aftor bottoa desd centre .
_exhaust opens 76° befdre_the.bottom.dead centre
‘ - 'exhoust closes 21° efter the top dead centre
Cylinder head ~ 220°C | |

~ tomperature:,




-

‘Pressure, on the -

. ,-b-hrb'b'bllle;ve-lvej o 760 mm Hg
0il Temperature:' - . 90%C
Cspesd 2000 rpm,

| o 70— - > &

‘Result of tests: :

n) Comparison betwsen the ring process .ond the spérk ignition
" engine process, L ce TS :
Dingrom poge 2 compares the ring process end gpark ignition enginec process, .
The quantity of the main fuel injectod wes altered each time with tae throttle
fully open and the spoed remoining constant, We find for whe norwhl spnrk
ignition cngine thot the engine stops with an’gir oxedss of 1,86 wiulss din.
the ring process the cngino can be throttled dowd to idling. Fepl oAl
the spark ignition engine and the ring process engine isvp‘mc‘ciéulljf .6 samo,
“Wo' obtained tho thick curve by & quentity of R-fuel almost constant for the
whole range, (The rige of the R-fucl quantity injected in o fally wenk region
" con be oxplsined-by the fact tha't the oxceedingly weck mixture of the spark
‘ignition ongine nceds o lorger quantity of heat in order to -ignitm). "When
repenting the test the ‘R-fuel quentity injected was ‘imereased from the half
1ood omwerds, This leads to.o smller decrease in power with increasing air
excess becouse of & better combustion,  -Consequently the specific consumption. -
also is lower than during the first test, oot T s '

win

_ Incresse of the R-fuel cuentity in the rich region does not give . '
us o power  inctéase,’ The most -favoursble injection advance tngle was constant-
1y ot about 50° to 53° cronk-ungle before the: top dead centre “for the whole
tost, ' The difference .betwoon the two tests in the rich region i§ negligible,
since the engine is rother insensitive to an elteration by 10 to 15° of the -
injection ddvnnce ongle, In-the tost with the spark ignition engine the
exhoust temperatures dre only very. 1ittle different from those in the ring.
process test, ’ S S Lo P )

_ ' Dingrsm page 3, Fig, .1 shows the verintion of the M,E,P, &5 0. _
function of consumption in the ring process cnd it shows clso several throttle
_ourves for the spark ignition engineprocess, Through this group of spark:
~ignition engine curves we put_g.connocting. curve ot an excess air of A= 1"
which corresponds approxima tely to the best practical conditions of the spark
ignition engine (broken 1ino), - The compsrison: of. the two curves shows the
more ' favourable behaviours of the ring process &s.regards consumption in the
- port lood region, In the rich regions the values for the ‘ring process are o
little below those for the sperk ignition engine process, The soving in con~
sumption ot ‘_hali‘ locd is 15 por cent in the most favourable caso, -

oot

PUNITEESPVS Y \

'b) Bfficiences < TIL
Wo sce on page 3, fig 2 the thermnl efficiencies of tha-two»»proces’sés_ which -
we obtained from the tests on poge 2. “Here too we see the superiority of the .
ring process when.compared to the spark ignition engine process, At the -
opbimum it is ebout 12 per cont better at half load, It must be borne: in mind ..
that the value are canleulated from the actual power, We based the calculations
~ of the efficiency of the no loss engine on the constent volume cycle, Accord-
_ing to the equation for theefficiencyspgpin this process we have for FOREEY -
end K= 1,35,tn = 5147, = Thowobserved efficiency. éff"amounts't_o o moximum "
~of 34,5 per cent for the ring process (soo poge .3, fig2), Ate mechonicel
“efficiency,; y = 80 & 75 per cent which wo may essume for the ‘single cylinder -
engine, we should arrive at an indicoted efficiency ofy i = 43 to 46 per cont
and 50 at e thermo dymomic efficiency of 83 7 89 per cent, oA T
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o o) Iﬁf‘_luenc‘;'e". Qf'?the cooiiﬁg air tempero.ﬁuré'.

“Fof thetésts hithorto made’ the cylinder
value (2209C) by controlling the cooling,
is_decreased

© ditiony change if the power.

" ‘Dingrom pago 4 shows #he.course, of power. and : ret
Tho' ¢ooling gir pressure—ot full load wos 50 adjusted
" that tho temperature of the cylindor heid wa's 240°C,
kopt this pressure constant

cylinder temperaturé,

adjustment with decrcnsing powcr wo
the cylinder tempora

and pressure of the combustion dir were ke
tely '}5/4. 1loe
than with controlled cylinder temperature, v
from 3/4'}.00.(1- onward decreases slowly

Wo soco that from approxima

+the test the injection rdvance nngle
only to sink to 20° before the “top der

mental point (corresponding to o .cylind
thnt the moment of injection of the R-

nearer to the dend contre wherc there
~ in order to couse ignition, - Basod -on
the ‘qmntity'fp_f,_, the,'R-fue‘l_‘ wos slowly
used in the beginning, So tho result
comtrol of .the cooling should be provi
for the more rocent types, -

po

/

e

© . -d) Influence of s ed,

During these.sarios of tests
wnter broke was not altered

ture decrensed with incressing ©Xcoss

(cf, diegram paéé‘ 5) the adj
ot doéfrensing, fuel quantity,

“fenperature wos odjusted to o constant -
We now had to ask"h'ow much con= ' -
at constant cooking=-air pressure, .. .

Ny

consumption ot deéréqs:'mg '

During the- following
so that
pir, Temperature
pt constent at 80°C ond 760. mm Hg.
d dowwerd the power decreeseés more
It is remrkabletlm'b’durirﬁ

d centre st the last possiblo sxperi-

- : p 12020 0 That means

fuel must olways bo broughi esaror end
is the highosi awilobls tes sruture :

£irs

e
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sst (poge 2)
Ea amsunt
e T s
st opuroprinte.

already planned

the experience of Eho
incrensed b ekl i
shows thot & suithble
ded as by-the way wos

ust'nan{:‘of the . f
‘and we. used the cir

cooling control as required in,the previous section, so that. the cylinder - -

tempsrature was constant at 220°C,
“¢¥= 0,75, speed and power increases

-~ Starting from an onriched mixture with-
with the incressing A to recch meximum
value ot #7= 0,95,  If A increases sti
_region and power and speod decreaso, sgain,

11 further we cnter the lean mixture
Heat .consumption: drops cons iderabl;

“in the rich region ond remsins nesrly constant 4n the -lean region for o wide

__speed-range, - We obtain the minimum 2
boh.,p.hr, a2t o spsod of cBout 1950,

% the romrkeble volue of 1880 k,cal/
ﬁ'fc‘-succoededlin reducing the speed to

- 950 r,p.m, whon uging gesoline; the gosoline consumption was ot last 0,8 kg/hr

(= 25 mS /stroke) with an excoss
ongine entirely on R-fuel from o
power,
‘herc that from this speed onword

Consumpiion ot 800 r,n,m,

only, This mey bc of importences
£y

pir of ¢
Bout 1000 r,p,m, 4
‘Bho engino then continucs to function as a Diesel engine, We -find = -
the h’eo.’c‘”consumptibn was considernbly lower.
then with simultaneous gesoline injection, ‘
gquantities lenve the cylinder sporrently wi
docrer s¢ by noout B4 per
for +he henting up of the-engine,

='3,8, It.is possible to run the
ownward and ot the same

since the small- gasoline . :
thout being completely consumed, - .
aént when using R-fuel
When not

using eny gasoline it wa s.—-possfn‘ai?:—bo"reduce ‘the speed te 640 r.pm, ot o

- ‘consumption of about 1 kg/hr

‘ToPuM,, increasing cgoin at still further decreasing speed,

recson for this is thet the immer sur
then et high speods ond power,

by the velve overlep,

‘ R-fuel (=
~of the R-fuel at high. spoods we.s of course ear
centre ) ond reached minimum value (45° before

. If the engine runs
_.injection time must bo retarded to 40°
Toft delivery is.siizller at low speeds than at high omes,
Since the inteke valve closes only

62 ‘mm/stroke), Theinjection cdvance
1y (75° beforo the top doad
the top dend comtre) at 1900
The .obvious

face of the combustion chamber is cooler

‘on: R-fuel only, the:
before the top dead centre, Tho rate
This mey be coused
ot 77° after the

bottom dead cemtre, part of the air imtoke is egoin expeolled by the piston

whén the engine: is running slow, .
. 1 . : . .

e) Starting behs.viour

The enginé was star?edi 4by.(, an ele_étr:j:c, moror ot 700-.1,..1).1&? St‘artin‘é 'by , o
soline cnd R-fuel simultanéously wes mot possible at room temper= .
only at, higher temperaturos, The_best.

" injecting go
~atures ond the engine cduld be. started

Al

—

Lt
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tinjeéti‘on‘:o.‘c'lir'ance, snglo For R-fuel was 40° crark engle before the +op dend e
“centre, but)the engine could:-be startod easily ot room temperatures when only..
R~fuel at-c quantity of more »thgﬁ3350-mm°/(sfcr'olce ws injected and wien ‘the '
throttlé was open,; Tho engino then rédches & speéd of $00 TePJm. Dhen the
storbing engine was switched. off, . Now gosoline “in very small quant ities. was .
slowly injected in. pddition to the R-fuel,  If 4he injéction advance for R-"
fuel was slowly ‘incressed 1o-50-60° before. the ‘top dexd centre, the quontity
of ge:soling could slowly bo ,inqreas'ed';antil"normdl working was achieved, = T
‘Singe the usunl position; of the R-fuel nozzle justified the assumption that o
greater part of-the injected.R-fuel would _condense ‘on the piston ‘bottam which - .
in the beginning was quite.cold, cnd so would. retard ignition the R-fuel

nozzlo was, now fitted into o sparking plug sent on the inlot -side (ef, diagram
page 1B),. Wo found that tho starting conditions rémaincd '_fundamentnlly»tho v
same a's’ they wore with the former arrangement of the ‘nozzle, on the whole,

but-the engine ignites much ‘easier, No ndvantage was gained’ byv;bl‘ying'v'a nozzle

-using o ‘softer sprry with the 1erge taper of 45° (Bosch DV 2313/4, mirtle -
nozzle ) st the two mnozzle vlrces, It beerme on the controcy nascsinry B0

inject more R-fuel per stroke thun before, Tho tests showed thuy ¥
obviously of-cdventege to throttle & 1ittle when sturting, therehy Joo
- the gos quentity which must be hected by ‘the Refuel, It should wsc i?
. thot the engine was elready cooled during the usc. of the aterbiag ongine so
that the cylinder temperture. did not rise ahove 25 to 30°C during the L
.sterting procoe ss, More thorough tests shallbe mde. to examize thosprocces of
“startinge o T R A

T~

£) "_In'fluencé ‘of “the _place of _injoction,

‘The fact thet-the place of the R-fuél nozzlo wes chonged cnd that it was ‘
fitted into the sperking plug seat 'gave us on jmprovement of the starting
behaviour, so it was necessary to meke o now test.in order to compare powor
end consumption with former results, . We: find. this test on diagrem page 6
when comparing  with the former tost with the R-fuel nozzle in its old
position (broken line) we cun soe thet no improvement wss obtained, -There wos
no chonge as rogards power,- Consumption, however,:' is higher by 80 k,,cal/ :
b,h,p.hr, i,e by-4 per cont thon with the former test, . SR

Diagrom rage 1i- "D-i-fféf‘ehtﬂ'.R—noz sl orrangement in the BMV 132,

Di.ag_rc.m'v poge 2:- R-test in comparison to ifhe ‘gasoline engine process -

TDingram pege 3 Fig,lt ‘The specific consumption,of the rl_ng pf.oée'ss ot half -
“londs is 15 per cent lawer then that of the. gasoline engine process,:

Diagram page 3 Fig;2: Therme 1 efficiency, of the ring process and of the :

‘ gasoline engine process, - The superiority of the ring process is shown by
a 12 per cent incretse of efficiency at half load, L :
Diagram poge 4: TRing process test with decressing eylinder “temperature

.

. .

Dio.gro.m page _‘S:’" Inf"luoncé, of\ tho.'spee'd

~Diagram pege 61 Rlng*pr otess ] ,nozzfc 1nthc sparking plﬁg seat -



