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Report_letter_No. 55/1

“Vs_is . Experiments W1th Gl 1 on_ the DB 601 F engine.‘

i

Symbol '-Diﬁiérision' . Significance

| N H. | o Output with GM lf
N L me. Output\without aMl
‘n "v_."tf o r.p.m.';f Engine speed M;LLJf’f'°

B e o ditlon of GM l in unit time -

J&_ R S R Excess alr ratlo.

/ . K

2. Scope‘and purpose of the experlments.'

.- . Power and “consumption- measurements Were made for the: DB 601 P
‘at ‘hoights alYove the full throttle. ‘altitude w1th the addition of Gl 'l, .
The amounts of GM 1 injected in unit tlme, g%, were varied between the
limits 0 and 120 gm/sec, at heights of 8, 10, 12 km by employing. - :
-nozzles. of -internal diameters-1:5, 1*8;“2.0 ’2.5 and.3,0-mm, Inaection o
took placo immediately before the blower. The injection pump control .
was used for tho delivery of the fuel w1thoxt any external changes.

It was the. purpose of the oxperiment to. determlne the speclflc o

eutput & N/GX obtainable for each g/sec¢.GM 1 addition, as a function -

. of the amount of GM 1 injected and of the height, “Further it WRS i
“desirod to ‘ascertain the specifie fuel consumptions’ resultlng and the

. ratio of oxygen to fuel during thﬁ experiment.» L

"4, Tho results., S

Se Experimental nothods._

— — . -

The DB 601 ¥ englne was mounted on the test stand in the manner .

' generally employed for altitude experiments, During the experiments

the GM 1 was taken from a bottlg containing about 28 kg under a
pressure of from 30" to 33 kg/cme, The consumption was determined by
“weighing. PFor ¢ach measuremont a steady state, in which tomperaturc
and fuel control wero constant, was reached after 1 to 2 minutes. All
measurements wero taken at 2500 revs/min, and with open throttlo. '
"Corrcsponding to each GM 1 measuring point determined by size of the
nozzle and the height one p01nt w1thout GM 1l was measured at tho same

I’-poml- ‘

P

: Tho obscrved outputs'Ne are plotted agalnst the amounts of GM 1
for” various heights in fig. 1; fig. 2 gives the increases-in the -
oubput calculatod. therofrom, 4 Ng = ‘fige 3 f£inally shoWs the
s pociflc output 4 NG/Gx roferred to_tge_GM f addition, -It: appsars.
t'hat tho spoeific output for small amounts of GMLl is of tho order. of

o

 3.H.P., soc/g which agrees with that moasured elsewhere., The value

. decreases with incrcasing amounts of GM 1, to an- extont increasing

-1 ’1-‘ .



with gltitude,

Wtf;_Two,faptorsrareﬂresponsible“for,theade%reaSG;;ﬁEirst; the air
content of the cylinder charge increases slightly during opsration
with GM 1 on account of -the larger pressure rise in the blower (higher
density of the supply); this gives rise to a further, if smaller,
increase in:output, beyond that due to the utilisation.of GM l. The
effect howaver, decreases as the amount of GM.1 increases; the .
corresponding outputTgain must therefore falls- This will be dealt:
~with more fully in a later paper. o R S

o Ve — — —

- . To a much greater extent the decline in the specific output is

~ determined.by:the fuel metering through the regulator. The latter .
reacts to boost pressure, boost air temperature and exhaust back : -

- pressure and according to those factors. it adjusts the amount of fuel

" when air is-'the working medium. The regulator is incapable of meeting
the enhanced oxygen content of tho GM 1 part of the charge; weakening

- of the mixture therefore follows addition of Gi-1, :The phenomonon

- goets more Important at groator hoights. . This state of affalrs is -

Shown by fig. 4; it is again represonted in fig., 5, against tho.

- excess-oxygon ratio A, | PO AEREE . :

. : . : . T ’ R . :

. .. -Tho falling off of the specific output which is seen in fig.3
is thus mainly due to loss of power caused by lack of fuel., It cen-

- probably be partly compensated for by enrichment, This will-be .

. 21ugidated by furthér experiments in which the fuels are fed in by =
and, = SR ' ' e . . SRR

Fig. 1 » Effective power N for various-amounts -of injected GM 1 and
R at varlous altitudes.: Supply of fuel by regulator P

L 'n g 250revs/min . '
Ordinates effective power Ny . . 7 .~

.Fig;'2 ;iOgtéﬁtginé;oésdflkN for various ambunté'of’injéotéd;GMfl and
.- .ab various: mltltudes. - Supply of fuel by regulator n z 2500

"L povsfmin, . N A s
. - Ordinate: Output gain, L e e e
_Fig, 3 - Output gain A N/GX for: various amduhtslof‘ig ected GM 1 and
: - at-various altitudes., Supply of fuel by regulator, . SR
" N s 2500rovs/min- - - B

Ordinate: Specific output.

~Figeé=d » Spepific fuel consumption for various amounts of injoected .
o -+ GM 1 and at various altitudes, Supply of fuel by roegulator.
. n g 2500 revs/min, R R

- ~ Ordinate: Specific fusl consumption )
_Pig, 5 = Oxygen excess numbor. A for various smounts of GM 1 injected and
: -at . various altitudes. Supply of fuel by rogulator. ' '
‘n = 2500 rovs/ming - A . ' —

_ Ordinate: Excoss oxygen ratiqgkf:ffw”
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5—~--7a,k‘ S '“?andfvperﬁfiﬁ@ conditions.'a.jj-_ S
Tests so.far.gavo different pesults for the output increase

IWith”GM,l according to tho engine used,—the method of introducing

"GM 1 and the operating conditions. The cause&fgffthesefdifferenqu;_
_aro investigated belows - . - . T A
o R --—'"—“__“I— - _ B 3 . . R ,_._j == - el v .. )

1. The influence of the émbuﬁt'of'GM 1 added on the air conﬁﬁnﬁﬁ;”;
/- ©of .the charge and-on the output gain, o Lo R

2;"'Tho'inrluencafofnthefaltitudean the output gain, -

3. The 'influonce of the ongine characteristics on the output gain.
ng GM'l”injéction after_the’blbWsr; n : ' '

5. Summary, = G RN
The influencs of the amount of GM 1 on the proportion of aif in

1.
o @ _charge and on the specific outpubt.,

o e, L1f GM 1 is-introduced into the intake pipe of ‘an internal
_ ‘combustion engine, more. work por unit woight may be made available
."fromwthis-part'bi;thefcharge-in the presenco of sufficient fuel, -
- compared with air, This oxtra work is determined by the larger N
- proportion-iof oxygeniQViz. 5644 per cent by-woight and by tho hoat -
- of decomposition of 4v0fkcal/kg.vair with 2333 per_cont of oxygen . .
‘gives about 700 'keal/kg for an ordinary fuel, Gm-l however liboratos
- 700 % 36,4 & 400 =z 1492 kcal/kg
; 8848 U !

»wAFért from this direct contribution to tho engine output by adding -~
Gi1l, the output is also affected by the proportion of air in the chargo.
Let us first consider the latter effect undor the assumption of fuel

. sufficient for the output to be dependent on air and GM 1 chargoe only,

- Further lot us always compare operational points at equal altitudes -
and tho same eéngine speeds. . In particular let the operational state _

- without GM 1 be the standard for expressing the output increase A Ne.

. The influence of the GM 1 addition on the proportion of air in
the charge may be analysed into Soveral parts. . T

o a) Tho GM 1 evaporates when blown into the boost air., It~
withdraws from the boost air :tho heat of vaporisation required for the
process. (r = 45 kcal/kg) and .thus cools the boost air., This ontails
an incroaso in the boost air density and thus increases the amount

-of air. in the charge. ‘ - - : . LT :

——— - ot

. - b)  If the GM 1 is introduced beforo the blower, then the. -
cooling eauses an increaso in tho blower pressure  ratio, the density and

.- tho weight of boost air, R R [  L ey R
¢ .¢) Tho.GM 1 introducod displaces a corresponding weight of air
- from the cubic capacity available, . Tho molocular-woight of GM 1 is

62 .per cent highor than that of air; - its partial pressure in the same
- volumo and at the same tempcrature is therefore 52 per. contesmaller

. than that of tho same woight of air. A cortain weight of GM 1 there-

l.
-3 a



fore only displaces _ 1. 20,658 of its own weight.

S d)g‘A.furﬁherilqss,pf]ghébge.is'gauéed.by*the;iﬁchQSed effect
,of;the‘wall:and thewrésiduaifgas~inﬂthe~¢ylinder;whan“GMWIﬁiswused-i.t'
It has;been.shown'by,experiments”whieh‘are~désCriped'bQIOWPthat“the S
fomperatures of tho. rcsidual gas and 6f the wall increase as the amount
~of Gl 1 added,becomes_greater.-Since;tbg;temperature“ofmtheffréﬁhfgas‘g
falls at the samo~time,,thefhaatiﬁg:up”On entry into the ecylinder =
-,becg?esvlgrgcr. The density and,weight,of”the-gharge thorefore become
smaller., =~ - . S B A S S

... Acgbrding to the above -there is‘a definite connection between ...
‘the proportion by woight of air in tho charge and the amount of GM 1

“added for a given engine and‘atvany,onelopenational;poinimfixed>by the
altitude and“thefnumbdrfof”fevolutions; This relation is linear ag-

-far as concorns a) and ¢). An tho same is nearly true for b). The
Afuncp;9n indicated-by_d)Acannot_ha_predicted by mere inspection,

_ ' In‘ordervtp olucidate this State -of affairs, experiments——
‘measuring bower, weight of air,;bOOSt;air«temporature and pressure -at -
10 lm altitude, at. 2500 revs/min, and with fully open throttle werc -
carriod out on DB 601 F and DB 601 Q ongines’ for various additions of
‘G 1 por unit time, Tho injoction of the GM 1 was carricd out before .

- .%he blower, with calibrated nozzlcs of diameters 1.5, 2.0 and 2.5 mm,. -

- Yhe rosults obtained arc shown in figs 1. The plot of both the boost
air tompopaturos'tv s measurecd in the prbSaure.1ine'immediately'in '

front of tho valves, and of the boost pressure, against the amount of

GM 1, G* g/sec, arc lincar, Tho—woights of air consumed Gy, on the
~~othor hand, at first rise under the conditions already described and
fall ofyf again when largor amounts of GM 1 are-used, On the whole the
addition of -GM 1 increascs tho Proportion of air in tho charge as S
. compared. to tho comparison poini without GM. 1, Tho result is thus that |
tho output is raised more than corrosponds to the direct increase duo, . -
to the addition of 6N 1, Tho,cpursn—of“fhe*air;weight curve should be -
ropoated_inﬁthe.output curve; this. influence is however so small, =~

. that the output -eurves are nearly straight lines,

— —

' One _can sce that one’ can attain linear output increases by -
ralsing the amount of GN 1 addition., The GM 1 amount related to the
increase of output, the so=called speeific. output A No/G* H,Prg/sec is

- thus constant ovor’the whole rangé. -In tho present case it hag tho
value 2.94 H,P, gm/sec for tho F ongine, 3.67 H.P. gm/sec for the Q.
engino. This large differonce will be discussod below, : -

. . - . & Sy

2, - Thefinflueﬁcé_qg_ggﬁippgg;gq;tpq;ggecifid output. -

. . /o i C :
_For constant GM 1 addition the air.. GM l.ratio-is displacec in
the direction of the GM‘l-with*increasing altitude and consequently
docreasing weights of air ‘intakc, The cooling by evaporation of the -
GM 1 thus bocomes more. important as-the-altitude increases,--Similarly
for the change in the blower prossurc ratio due to tho GM 1 addition.

heights, one doos not pxpoct tho,abspluto‘gain in tho boost prossuro -
to change much with altitudo. - Theo absolute increase in output and
thus also the absolute boost pressure incroase are the docisivel fachors
Tor spacific output; a'changovin spccific output with hoight is thorco-
fore not to bo oxpected. Tho output curves at.altitudeS~of’8,‘lO and

~ 12 km are plottod in fig. -2, Thoy show tho samo gradionts to'a close
apprbximation, the valugs obtainod for=tho-spocific.output being 3,0,

2.94 and 3.0 H.P: gn/soc.

3, "Tho'influoﬁcé_@g_gpefprdbortios‘6f the ongine on_the specific
LTI N

V‘OutEuto o o \

-1.Théi;arge-differdnco'iﬁ_thé'specifigjqquut,fdr”the'twbzéhgines"

a4 .



DB 601 Fvand-Q;fwhich;had'already;been-mentioneqvandﬁmay‘bekcléarlyl:
Seen from fig. 1 is due to the peculiarities. of the engines.. .The.F

- engine hasia'largerﬁvalve;overlap,qvi2.~106°'crank[anglefas;cqmpared o
‘with 969 crank angle for the Q. engine. The former also has a lower . -

- compression ratio, viz. ¢ = 7.3 as compared with £=z8.4 for the Q engine.
Both these properties of the F engine cause a greater air consumption;
this is confirmed by the observed values of fige 1, We are then faced
‘with tho samo phenomenon that was mentioned in the -consideration of the -
offeot of altitude. In the Q ongine with its smaller air weight, the .
addition of the same amount of GM l-before the blower produces & much
'%reator falling off of-the-temporature of theaspirated charge = —

comparc. figs. 1). -In consequenco of this larger temporature drop and.

boost pressure rise, the increoase in output seon—in fig. l-is'much = -
-8tooepor; 1t corrosponds to a yiold of 3,67 H.P., soc/gm as compared

- with 2,94-H.P, soc/gm for the F engine. ~~ . .. . o

. One.can calculato the temporatures and boost .pressuro ratio on

tho basis-of-the observod-values of air and GM 1; a-falrly good
approximation to the moasuroed valuos is obtained, = Part of the-incroase
in the output yield for the Q engine is also oxplained by tho -higher’
officlency duo to higher comprossion, It pormits a more favourable

- oxploitation of tho GM 1 part of the chargo, Another fastor favourablo -
for tho Q ongino is the smaller loss of GM 1 due to scavengings - These
‘two factors howovor are of minor importanco, .- Lo

, _ Tho particular typo of the blower and of its fiold of action
‘also have somo influenco on the output yield because the alteration in -
the charge resulting from the addition of GMl'causegﬁa displacement of -
sho oporational point. = e TR e

-1t may bo assumed that a largor specific output might be
obtained for tho F engine if tho valve timing were altered so as to- .

_diminish tho- scavenging; - this 1is bocause tho gain through increased

“scavenging is probably less than tho other offect deseriboed, -

A

' 4; v GM~l“Injecti6ﬁ bghihd blowor. R R

“ " 'Vhon the G 1 is injectod bohind thO»blowor,vthe'raising uf the .
‘boost pressuro ratio, mentioned undor b) above and due to tho cooling
~of tho chargo, will not bo socured. ; o N o

- To doterminc tho ‘consequent-loss—in-spocific-output tho curvos '~
~plotted in fig, -1 for injéction in -front of tho. blowor for tho two
enginos D3 601 F and Q wore ropeatod for injoction benind the blower,
In this case tho GM 1 nozzle was inscerted at the intako albow, botween
tho throttle and tho branching of tho intake pipos Tho results are -

~shown in fige 3. -

’ - . Tho woight of alr now falls steadily; on account of this tho
specific output can no longer rcach the high value which it had when
tho. injoction took place in front of tho b%ogor.W,The\valuosﬁaro'z.ss

" HePy sc6/gm.for the F ongine and 2.87 H.P, soc/gm_for the Q engine.,

. Tho superiority of the Q cngino is again shown clearly, the causes - -

.- hcing the same as thoy were for injoction bofore the blower. > .

‘The fall in tomporatﬁro of tho boost air in: front- of -the-valves
is steopor than'that of the corresponding lines in fig. 1. Part of the
cooling offect is componsatod for by tho adiabatic heating which
incroases as the ‘boost prossuro-ratio rises. A displacement of the.

~GM l-air ratio in favour of GM 1 is also brought_about by the - Sk
docroasing amount of ‘air for injcction behind the blower; . it eontails —
~groater cooling for injoction behind the blower, This decroase in

- tho -amount of air further leads to a falling off of tho supercharger -

~ drivo powor and to a displacemont of the oporational point of tho. -~
blower along tho r.pem. line, which is the cause of the small increaso-—

~5a. o o
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~.of the boost pressurc which may. bo ‘seon in fig. 3, .On the ono hand..
we have the favourable effécts of injection behind the blower which & . -
uhave,been;enumanated“above;]gon”thefother hand ‘the output loss relative -
- to injection in front of -the blower is considerable; ~ this is shown
by a table_ofrthe'"observed".values_of,the output yield. .

. ) R e e
Output yield for GM 1 injection

B fpé of engine __ in front of blower . _behind blower
""\”,‘,bffé"?i,ﬁﬁ— o mer . o e v

' . The inecrease-in output that—can be obtained by the addition of .
GM 1 is exporimentally -investigated as a function of the amount of
GM.1, the altitude, the properties —of the. engine and the place of
“Inmjection, before or aftor the blower, It emerged that ‘within the
range Invaestigated the output yield is practdcally independent of the
amount of GM:/1 added in unit timo up to about 120 gm/sec as long as
tho supply of fuol is sufficiont,  Tho altitude also has no observable-
offect on.the.output yield, - . o ‘ T T T A

BN - —

' . The two types of engine usocd for the investigation DB 601 F.and
DB 601 Q showed widoly difforont valuos for tho output yicld at the
samo- operational point; dofinod by altitudo -and the number—of —
‘rovolutions, ~Tho main cause of this is to be sought _in the differenco.
in tho air consumption of the two enginos at one operational point;
this in turn is'due to tho difforenco in the valve timing and in the
comprossion of the two_engines,’ S Lo e

S Changing the point at which G 1 is injected to bohind the _
blowor results in a considorable fall of the output yield compared _
with injoction in front of tho blower. = . - ,
_ N e \ o L 3
"Fige 1 = The ‘engine charactercstics ag a funoction of the addition of -

o - — .GM 1. Introduction of GM 1 bofore blower, ongine 601 F and
Q, hoight 10 km., n = 2500 rovs/min, Ca e

-Ordinates: Boost Air tbmparature;.boostjprfééufe; weigh€ 6@ -

' airy effective power Ng.

- Figs 2 = Increase of .qutput as a function of the height. . o
. . Introduction of 6M 1 before blower, enginos DB 601 F; 8,10 \

and 12 lm. altitudes; n = 2500 revs/min, —— - , '

Ordinate: effective powar, o S , } e

Fige 3 .« Tho engine characicristics as_a functiori of the GM 1 addition,
- Introduction of GM 1 bohind blower, ongine DB 601 F and Q, '
height 10 km., n = 2500 revs/min, =~ = — - - .
- Ordinates: Boost air temporaturs, boost pressure, weight of —
. air, offoctive powon. - — e
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' -—':'Moréziﬁfbfméﬁibn 6ﬁ'théTGDéféEion”of-aéfo@én‘iﬁéé;‘
‘ with the a dition‘tO'the'charge.of G r.f

.- This investigation concerns the influence of the addition of
GM 1 to the charge on the‘meéhanical’andfthermal.load.~KCIarification,
is 'also obtained as to the influence .of the ignition timing on the
operatingjcqnditions'of.the:enginbxwhen*quinghGM_lJ“;; T

e s . - Y

. o 7 -

Indexs ™ o o—o | B
E 2  'Thefmecha;icél\stre§s:bﬁ.theféhgine and thp'iﬁflﬁence of -
o ,ignitipn timing in GM 1 operation, =~ . T

IT..- Tho thormal behaviour of the aero-engine when &dding GM 1
© to the charge, — . - =0 VIORSE0NE B

1, Aiﬁ and typéipf the exberiménﬁs.-
2, qutput éﬁd'c&mpoéitidnvbf'mixfuré;ll
3, Cbﬁditioﬁs'éf temperatgne¢ _5_ ":” _
4. Heat carried away in tho cooling wabar,
' i;' Tﬁe'méchanicél stgé;g oﬁ'the oggihé'aﬁd ﬁhé iﬂfiﬁ6ﬁc§ of~1éniti5£.
- in GM Y operation, R il R

When the number .bf revol,ﬁidhs”remains»constant.théfmochahical
8tress_on the-engine deponds on the pressure curve in the-cylinder
during the cycle, particularly the maximum prossures, The chemical =
properties of the.GM 1 locad one to suppose that the GM 1 may have an -

~influence on the course of the combustion and thus on the pressure. .
ceurves - In ordor to.get information as to how the engine would behave

under-higher loads, information which may be decisive.for the -~ . -
applicability of the GM 1 method, the pressure “Girve was taken at
points of equal output  with. and without the addition of GM 1., Tho—-

- Proessure curve and the maximum pressure_in particular depend on the
time of ignition; the influcnce of tho latter was therefore also

investigated. . o I : v

. The DB 601 F was run with various ignition timing at an
altitude of, 10 km,, with the throttle fully open, with injoction of

oqual amounts of about 105 gm/sec GM 1 bofore the blower. Tho .
‘mixturerwas'adjusted.by_hand to give the highest oubput., After this
curve, a comparative curve was run without GM 1 in such a way that .
. the' optimum points of the curves gave equal outputs (Ne). : R

: v The equality in output’ . was obtained by increasing tho air ,
. -pressure before the engine and thus ‘the boost pressure in the second
. case. All other charabteristic~datg:werolkept;to, particularly the .-
' air_temperature corresponding to an altitude of 10 km, in front of theo-—
~onglno and the-préssure bohind—the -engine, This was done in order to -
“have the same conditions for,-tho two comparative runss A third run
was carried out for normal operation at an altitude of 10 km, .

. o A ,\\ . o

: For all the moasuring points, Indicator diagrams were taken .-
from cylindcr‘;-by_mcans of a quartz chambor and an oscillograph, -
;Sovoralfdgggpamsngro'tgkeg-for'each:point in order to equalizZe the

- -



‘distribution of the maximum ‘pressire ‘values a8 recorded in the diagram, -
_The mean maximum pressure was then determined from the several diagrams.

- /In fig. 1 the results are plotted against the time of ignition -
- in degrees of crankﬂanglq;;-Lét\uh'first;donsider‘the’Oupput.curyeso
- ™e times of fgnition for optimal output agrée for the-10 km, line
-and for the line run with increased output without GM-1 (45%° erank - }
angle B,T.C.);  whon-GM 1 is added, however, the optimal lgnition time
. 1s displaced forward by about 10° erank angle, This adjustment of the
dgnition from 45%° t0.35° B,T.C., when GMN 1 is used, brings with it a~
‘gain in output=of 60 H.P. in tho present example. An alteration in
the ignition control is thus demanded in order to obtain the highest
output yield for the addition of Gl 1 to tho charge, , S

. _Tho adjJustment of the ignition also entails a. large diminution-
“of the maximum combustion pressure and thus in the mechanical load on
enginoe (fig. l)s In the present case tho maximum pressure, with GM 1,
'is about 10 kg/cm? less than for the normgl operational point giving.
tho same output, if the ignition is adjusted to its optimum; “if the -
ignition is kept the same, then, in goneral, the maximum pressure with
GM'l will be higher than without it. o ‘ B o

C ‘The .causo. of-this differcnce in the behaviour is probably due
to the fact that tho combustion 'with GM 1 addition 1s considerably.
faster than without it., 'The positions of thae respective combustion
poaks, ‘measured-in © crank angle A.T.C., are compared.in fig:*1, the
times of ignition boing tho samo, " For oporation with GM 1 the peak is
always about 9% ¢rank = gle oarlior, tho time passed from tho point of
ignitionis corréspondingly shortor, The .maximum of the-pressure—is
thus reachod at a timc -whon the eylinder space is smallor and the
‘brossure must rise.s If, instead of points having oqual times of
ignition, one comparos points at which the- peaks of the combustion ~
have the same position, then the maximum prossures with GM 1 are -
consistently lewers This is 8hown in fig, 2. Herc the maximum
prossures -have boen plotted against the path the piston-has traversed
from-the top dead contre to tho time of the .combustion peake, "This ~
path is a measure of the cylinder volumo available at that instant..

Tho optimal output is incidentally obtained for nearly identical -
positions of tho combustion poaks in the two cases. .- ‘ v

o Indubitably thd temperatures obtaining when GM 1l.is added are .
higher than otherwise; that the maximum pressures ‘in the former case
.-are nevertheless lower, when compared properly, may be explained as
—follows, When GM-1 is used, the welght of the charge G in the .
¢ylinder is smaller than it is at a--comparison. point which gives the ..
- same outputy tho gas constant R of the GM 2 « alrimixture and that
of the burnt gases is also smaller than in the case of operation with
~alr, Applying the general gas laws to the gases contained in the
volume V corresponding to the instant of the combustion peak, thus

p £ _GRT =
2 . ‘
one- ¢an see that the maximum pressure p during operation with GM 1
may be smaller in spite of the higher temperature T, as long as tho
product GR. is sufficiontly small, Rough\calculations,have'iqdeed
" confirmoed the result of this measurement, - - : .

!

e

~— Fige 3 is an oxample for ignition at'35°70rank=angle BuTueCus -
one indicator diagram i8 shown for each of the three runs viz, normal .
oporation,’ opération with 105 gm/sec of GM 1 addition and normal
operation. with lneroased outputs It is distinctly shown that for v
-Operation with-GM 1 the combustion- poak is advanced by 109 orank eangle .
@8 compared with tho disgrams without GM 1, oo L T R

Summapizing oo may say that tha maxgmum pressure of tho




. combustion with;GMulii; 1bWer?than that pressure reoached with normal

operation if one ‘adjusts-tho ignition-timing, -In-both cases the same " -

- optimum output 6 is ‘obtained,: the position of the "combustion peak =~ |
relative to the top dead cehtre,being‘nearlyrthe‘same‘but reached with
a maximum pressure lower by 10 Kg/cm® when GM 1 is added, - : .

. VWhen the ignition is.regulated, then the mechanical stress on
-the engine 13 less when GM 1 is added than for normal operational = ... -
points giving-tho—same output. 'Sinco this correction of the igniticn
18 necessary also for adjustmont to the optimum output, it seems =
- advisable to alter the ignition timing 'in the prescribeq sense.

s —

II, - Thé thermal behaviour of the acro-engine whon GM 1
T TO Tho GHATEo . - — o

ié;added,

1. Purpose and method of thé exporiments, -
.- We wanted to investigato .tho cffect of GM 1 addition on .tho
“thermal loading of aoro-ongines.. For this purpose oporational points
of the engine giving tho seme output wero compared with and-without
‘GM 1 -addition. The following characteristic data worec moasured:
~the temperature at the plug seat, the. tomperature of the oxhaust, and
the amount of heat carriod away in tho cooling wator.. The thormal —-._-
- condition of tho engine deponds to a very large extont on the fuel .. % -
-air ratio; the possibility of a displacemont of the thormel state by
changing tho composition of the mixture was thorofore investigated, '

: ‘In order to elucidate-tho probloms so-called consumption loops
. were run with tho DB 601 Q ongine at an altitude of 10.km. and na
2500 revs/min. - The throttle was fully open, the amount of GM 1l kept -
~constant in each case (injoctionfbefore blower) and the ‘consumption
~-loops—ise. plots of tho—output*againSt-the-speoific_fuel consumption.
wore takon,(figs..4 and 5),. All thoso loops wore taken for a variety
of GM1 injection nozzles 1.0, varying quantities of GM 1 injected per-
- unit time. Again for each of these loops one run was made without
GM 1, the optimuwhpoints again having boen adjusted to give tho same
output Ny. -This increased output without GM 1 was again-achieved by -
a corresponding incredsc of tho air prossure in front of the engine,
- the othor characteristic data of the operational- state being keopt
~unalteored, particularly the temporature of the air in front and the
pressure behind the engine. In this way the initial temperaturc at
_the GM lvinjection'poinq,in the intake was kept tho same for the -
_tomperature course of the working cycle in both methods of operation,
Differcnees in temperaturc could now only be due to the difference in
‘tho charges, since the output was the same. in both cases and - 'since the -
offect of tho fuel doss not come in whon one compares corresponding
points on the consumption loeps. All tho measuring points wore run -
with the. optimum ignition timing, whother GM 1 had been added or mot,
Difficultios' wero oxperienced in keeping constant the quantity of -
'GM 1 per unit time ovor the duration of ono-loop. It -was found to be
imponssible to avoid variations up to & 4 por cont; . this involved a
variation in tho results. Tho loops representod in figs., 4 and 5
~ Were. selocted from a largor number;  theso wore run at an altitude
- of 10 km at n = 25C0 rovs/min. | with 80 and 94 gm/secc GM 1 rospectively.
. Thoy may be considered to be typical curves, - . I o

«2."Outputland composition of mixture, . Lo

C . The first thing that meots the eyo 1is that the minimum fuel

. consumption 1s.considorably loss for thesc lines when GM 1 has boen

~odded. This is not equivalent to a botter fuel efficiency. It is

due to the interrelation between-fuel-consumption and the total -

. output; iIn-this rolation is ihecludod the output available from the
‘heat of docomposition of the GM 1, i.e, a part of the output not

-/ originating in the fuol, ST L TR R

- S



SE gOne;canubaléulateLthésdifferencd»in'thé,anargiéSPCOntained‘inm
-the quantity ‘of fuel.at the most'economicalﬁpOint;A'and-atitheupointj
3 giving the same .output (or points A' and B'), - This difference may -
be-equated to the heat of decouposition- of ‘the quantity of GM 1 intro-
duced, Calculating thé heat of decomposition from this equation we -
obtain. values of 484 and 473 keal/kg., respectively, These—are of the
- same order as the values mentioned above.. This consideration assumes
that the efficiency of the process is the same both- for operation with-
and without GM 1, - . . . LT TP SRR T

= . In order to 'arrivé at general relationships-we-have plotted the .-
- output lines of figs, 4 and-5_agzinst the excess oxygen-ratio A .
(For”fhe'séke_of;uniformity-we'shall’always—use-the excoss oxygen ratio
here; in this caso of operation without GM 1 this is of gourse - .
.equivalent to the excess air ratio), The ecalculation og;}kfwaSmbased.‘

- on the theoretical quantity of air used up in the combustion of fuel
.C 5 employed here, viz, about 14,75 keal/kg; also on the total air
consumption, inclusive of the scavenging air -which is not covered and

“wh%ch,mayébo,expected at a valve ovorlap of 96° crank angle with
B ashaadiitie . . . ) TS C S . . e . ) . S . N ]
o _The lines show but little difference between normal and GM 1
- -operation. - As usual the maximum of the output is at about h = 0.8,

el LR P

- .. %« The tomperature conditions., . e T

s Apart from the output figuros~the corresponding,temperature
lines have beon entered into figs. 6 and 7, The exhaust temporatures
“wero measured for the cylindors 1 and 7 immodiately behind the exhaust
pipe by means of thermo-oloments; similarly the temperatures of the
Seats of the sparking plugs wero measured by means of thermoelements .
for the cylinders 1, 5, 7.and 11, The temperature\at_which*thegcooling,
water entered was kept constant for all‘tho\measurementswzc;r%T%' S

- Let us compare points having the same excess oxygen ratio A

when GM1 is added to tho charge the exhaust temperatures lie about -

- 30° highor than during normal operation at the same output; .the
‘difference at the soats of the plugs is about 10°, -Incroases of

- temperature much higher than those occurring at the well coolied seats

-.of the-ignition plug will be produced by GM 1 at pdarts having worse

~heat transfer, such as the piston, the exhaust valves ete, Imv . -
particular, theftempgrature'rise at the outlet valves will bc greater
than the value of 30° measured in tho oxhaust gas immediately behind
the valves. This is due to the fact that proportional-to the cooling

- of tho oxhaust gases during thoir outward flow thers is a fall of the
tomporature difforence for the two methods of operations the - :
tomperature rise _duo-to GM 1 would thus be morc ‘cpanASO6 if it were.

" moasured direcctly in the seection of the valve. Wo may thus estimate
that tho tomperature rise at the outlet valve, the largest ccourring -

anywhore, will bo about 40 to 500, -

. Enrichment  of the mixturo produces a depression of the S
tomperature for GM 1 oporation quite similar to- that for normal —-
operation, To .carry out such an enrichment would have a particvlarly
favourable effcct on tho outlet valvo sinco enrichment also diminiches
tho after-burning, In this way the oxhaust gas temperatures are rcduccd

evon furthor than the othor tomperatures,.

, - Flnally lot us comsider tho course of the tomperaturc along the -
wholo working cyecle, . For oqual tomperaturos in front of the blowor

the boost air temperatures are lower whon GM 1 is added than for normal -
opcration; in the instancos discussed above the difforence is-13 and
1790-rospoctively. These temperature differcnces become  less when the

- gases .flow into.the cylinder because then the. residual gases and the.
walls exort a groater influence. This is so because. of the greater '
temporature gap between the coldor'charge/in»GM—l‘oporation to tho.,
hotter walls and rosidual gases, - During comprossion the tomporature

= 10 -



"aPOIyteric’equation.-PThe1cylinder

'3_differéncg_aggin;incred&es as may immediately be shown from the. .. .

‘ contents at the end of the - -
~.gompression are colder if: GM 1 is used. The energy liberated during
the combustion with and without GM 1“isvthe"samg_for»a-giVén’output;-

the ‘weight of gas bresent, - however is~considerably‘IESS,fsoAthat the
heating up is greater. - Thus the maximum temperature reached at the ——

~end of the combustion will be higher for operation with GM 1., The

6xcess of temperature COﬂnoctedmwith‘the_addition of GM:l'falls back -

- to the‘SOOJmeasured,behind the valves.during the expansion and-exhaust
stroke, . . . T o e

fT4If“Quahtity'Of heat carried»awaj~iﬁ"ﬁhe'dabliﬁéfﬁater.,:H

- .- The quantity of hoat rolative to the output-carried away by
tho cooling water in each hour is ‘plotted against thoe oxcess oxygen
ratio numbor in figs, 8 and 9, Tt is shown that more heat is carried’
away when GM l'has.booh‘added; ~this corresponds to the higher
temperature involved, ' It is possible'to.diminish'this.accruing heat
which has to be dealt with by tho radiatop by enrichment, o

et e SR P el
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III. Summéry, , i w e ST . o

- The invostigation coverod the' thormal and mochanical stress on -
‘the engine when GM 1l is added to the charge., . The influence‘of‘ignition.
~timing on the output and loading were also investigated, - It appears
that in order to obtain tho optimum performance and the loWast”loading-—.
1t 1is nocessary to undertake a special ad justmont of the ignition B
timing ‘to the conditions of "GM 1 operation,. During GM 1 oporation tho

- thormal loading is somewhat highor then it is during normal .operation

giving the Samo output., . _ R S

| S o T T
Fige 1 = Out put; maximum combustion bressure, position of the

combustion peak as a function of ignition timing; -~
B = 2500 rovs/min.; hoight 10 km, ; oporation with and without
GM 1., - Lo L o B R »
Loft ordinates: Position of tho combustion peak; offective
; . Dbowor, . . S
Right ordinate: Maximum combustion prossure,
- Abscissa - -t Timo of ignition, IR

PR

Fige 2 = Maximum*combustion'pressure against piston path... o T
~ . N e 2500 revs/min,; hoight 10-km,; oporation with and without
oM 1. | 2 e R .
" Ordinato: Maximum,combuStion‘pressure. ; T ’ L
Abscissa: Path traversed by piston up to the instant of
I ‘groatestchmbustion_measuredgin‘mm. from top centro.

Inscription:,Linos of equal times .of ignition, T
Inset: = Points.of optimum output. s '

. Addition .- ‘ P
~ Normal operation, - ° oL s
- Increased output., i ’

Fige 3 - Indicator diagrams for operation with and without GM 1,
: ‘Lgnition timing: 35° B.7.¢., n - 2500 revs/min, ... ..
" Height 10 km., - - o T R :
- Normal operation. 105 gm/sec GM 1 Normal oporation ~
' -~ 77 addition ' ‘incréased. output.

R =z 2500 revs/min, Hoight 10 km, - _
~ Ordindte: Effectivo power Mo BRI
Abscissa: Spocific fuol consumption gn/HPgh .
Inset i 80 gm 6N 1 addition., = - N -
| =wm==_. " Normal operation, -increased output.
L . : . - T Co 7 -

Fige 4 - Combustion loops With 80 gm/soc GI 1 and without GM 1

a1



_‘ »F’i,g_.““s;f-_ as fig. 4.

' Fig},6'-- Output, exhaust temperature and temperature at plug seat
3 o ‘agalnst ©Xcoss oxygen vatio X\ . _
: 2500 revs/ﬁln., height 10 km. eperation w1th 80 gm/sec 5
. GM 1 and without. GM 1
'Ordinates upwards: Temporature at. plug seat, exhaust
tomperature effective power. S
Abscissa ‘Excess oxygon ratio’ A . L
* Inset: 80 gm/sec GM 1 addition. ‘ '
) Normal operqsien with 1ncreased output.'~~

Fige 7 - as flg. Ol . IR R ,
'Flg._&.--aQuantlty ‘of heat carrled éﬁﬁ} by theﬂeeeiiﬁgmﬁEEef for’each
H.B. h ‘ - ! :
 ns 2500 revs/mln' height 10 km., with 80 gm/sec GM 1 and
without GM' 1 (for equal output; DB 601 Q)
Ordinate s Hoat - carried away, . -
'Abscissa° Excoss oxXygon ratio. R ‘
Inset & 80 gm/sac GM 1 addition, . -
e Normal operation 1ncreaued output.

Fig. 9 - as rig, 6.
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