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1. Introductlon

The 1nternal combu tlon englne requ1res three substances';%
for carrying out: its work:. La fuel carrler an’ oxvgen carrier -and
8 ballast carr1er.~' - » AT ,



FLNT ?Aftérgbéingfaccustoméq,fdxidecadeSgtoga‘suBStance;with‘gg,
ealorific Valuepoile,OOO}heatﬂunithas;ayiuel,¢arrierigand¢aj;¢,
mixture of oxygen carrier and ballast earrier in the ratio of - .
;:4,*itﬂi$fdifficﬁltfto;considar“diffe:entSchbinationsk;fPreviOus*
workfsdeed,thatEthegperformance_offthefpowerfunit,canfbeﬁraisﬁd’f-
if the partial pressures of the usual oxvgen and ballast carrier

»are;inbrﬁaéed*andgif;;as:,égardsffuél;ffﬁeLﬁ§§fbf}higherflatentfi{f
heat reduces. the- theymal loading, o o oon orent

- ...Instead of varving the fuel carrier, there is-also the . - =
pQSsibility4g§;gg§nging”the.bxygén?car:iér;w‘ThiS“isfimportant;»n:,
if; for inStance,faniinternal‘combustion[engineiisvtOfrunfunderfff“
water,mihuS'beingjcompletely~shut,offifrdm”the'outside;air;“*An:w:;
attempt must here be madé to run the power unit completely without

‘air.  TEven in.thefdecadefbéfore~Worldi3r'One.manysuggestionsJWere,

.made‘concerningfthis;.]ane~0fgthem, hoWever3'attainedjanyj,«11  o
~technical importance, This may possibly.be due to the faet that -
. the operation of internal combustion engines under water in itself

~involves difficult technieal problems, Specially recommended at:

that time as dzygen%q%rriefs;were nitric aeid, hydrogen peroxide,
. liquid oxygen, and: tetra-nitro-mephane. Mitrous oxide was not
1‘thogght.likely to produce;resultS;fon*acgount-of.its.lowiqugen; '
‘con ent.ﬁ ,:,lz'.r: . - ot ; . i L .

S ~ Aero-engines, which always move in the 'air eanvelove =
jsq;xoundingggggdglgha,_do,not,in"the;first‘instance make: such :
extreme demands as submarine engines, : 0f late vears it has been
- shown that, especially when flying-atigreatgaltitudes,‘a'partial1*
addition of ozygen carriers to the already rarified air can bring
- surprisingly good results, even tsking into account -the weights
. which have to~be.carriedy"Authoritiesvon,power}units have .

already pointed out-thet, for the future, ‘performances at oxtreme
altitudes dre out of the question without the ‘processes lately ,
- introduced for supplying oxygen carriers. = Sl

It is advisable to exploit the successes gsined at-high
altitudes for rise in low-altitude-flying. But-whereas at high
‘altitudes the power unit with-added power can only be brought up -
to & performance below maximum power, the performance close to the
ground would greatly exceed tHe maximum., It is easy to see that .
~special thermal problems would arise here; nevertheless there

are good prospects of achieving success in this field also.

I will first deal Wwith certain thermo-dynamic data, which
are thus far remarkable, thet ~they show that the absolute oixygen. -
..content is not the-only factor which determines suitability.. In
~addition, I will deal briefly with the suitability of the oxygen
-carriers under consideration, and with some problems which arose
~when the process was introduced. ' R B :

- 2.°  Thermodynamic conditions.

 The effect of the supply of oxygen carriers on the R
- performance of an aero-engine may be expressed, subject to certain .
- reservations, in a relatively simple, complete form. . :

,,,,, - 'The factors.exclnded cancel each other out: in the oxygen
carriers under consideration, so that it is possible to compare
the individual substances by this meens, PFor the principal
substances under consideration, oxygen end, nitrous oxide, the -

~results of more exact calculations are appended. - .
B ,(Figalle-Arréngémént diagrgm)-l'
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) Arrangement'J Alterat”onmin‘1ndlcatedf'owe

nnements- worklng
The ‘oxygen carrier -

FEo ot ,“'fratloa 1 shows a d1agram1o,fthe;a
-cvlinder’ boost: air pipe; blower, intake’ duct

.is eithersblown e} in]ected into the intzke duct or:the boost air .

‘pipe. The introduction of z volume G (Yg/s) alters the original
- .charging weight GL,o (Kg/s) by g (Index o refers to the prlglnai
.state, without. addltional supply) The ' alteration in the 1ndlcateﬂ
- power results- ffom +$he alteration in the" charge*welpht due to: the

‘injection of the ongen carrler and the eneryv content of the
.,oAygen carrler-‘vV BN S i

- ‘Here tbe "alr value" cf 1ndlcates the;dewreefln whlcn the 7.7
; COHbUbthH of the oxygen carrier increases the’ release of heat
’energy, relatlve to the combuutloﬁ of ﬂlr'F Qg,,.w , /‘>;; .

e T A OL = 698 698 ;Vvv3  3‘ 5- ¢>(2),;
' OX5'= ﬁre1at1ve pr0portlons of ozyven ']f' L L
bW = 3heat of formatlon of the llquld subSuance at 200
oosodn Kcal/Kg SRR - L : -
I x =j proport1on vaporlsed in the boost gir. plpe.:;- g
‘i;'§=‘1nternal heat of vanorlsatlon in Kea 1/Kg
1»(aw§ s heat to the substance vapozlsed relatlve to 200
698 =

‘calorlflc value of a normal m1 ture of guzollne
vapour and air 1n Kcal/Kg. o

s

:, b) Alteratlon in the volume of alr.'f’

~ In ?eneral the performance w111 only be rwlsed when worﬁlng
at full throttle, as-With a smaller lozd the power unit itself
~an still have its performance raised. This means that engine
~speed- cannot be raised during the time that the oxygen carrier. 1s -
belng supplled ®0331b111tv of u51ng variable pltch 41r~screw) o

Then ' _ .
| o : no= éoﬁétaﬁt "v "J ' v_ S Vi_' . (5j,
‘The volume used by the wower unit in unlt tlme must there- o
»fore be equal to the orlglnal volume- A

r"““‘"zLPLo- w tEEE &

\

i(M moleculdr welght-' ggs equatlon for the oxygen carrler
considered as approximately valid)., Neglectlng small values off'
the second order of maonltude then‘ ' o\




The metnod of presentatlon selected hae the advantage that
the 1ndividua1 eypressions after (1) ‘show those’ constltuents of
“the performence in relation to which they take effect-? +the’ 1ast
.expression-shows “the dlonlacement ‘of ‘the: boost air by the’ onygen

carrier. The temperature expre33101141TL “can. be Spllt up 1nto

S .’ m e LTl

aa (adlabatlc) con tltuentzi!IL arlslng from the alteratlon 1n thef

L.o :

boost pressure, and a secoﬂd Tx Whlch 1s brought about by the

' PN L Lo = - AT e
mlxture W1th the oxygen carrler. S T

%)m Alteratloa 1n boost pressure-7 1nf}uence of blower.;:ﬂ'

There isa coanection oetween the alteratlog in. the vo1ume'
‘of air ‘taken in by the blower and the change in. boost wnressure,’
Wwhich is expressed by the chardcterlstlc curve of the blower. -
‘Assume, for the sake.of ‘simolicity, that the. oxygen carrier is
introduced after the’ blower: . then the alteration in the volume -
deI1vered by thekPlower is:-equal to the alteratlon 1n the Welghtl :
dellvered CKGL ‘ As the blower sneed is unaltered we: may put'“‘
for the characterlstlc curve (cf. flgure 2)

‘(H output of the blower in Kcal/Kg or mkg Yg), : R T

wa the expre331on for the output is )

e Ho = pL (TL O: - Ta)

’ﬂand'so f6T —the alteration in the boost air temnerature /\TI

‘/.

L a"* J~! LT T

00

and as alteratlon 1n temperature and-pressure are eonnected

(31nce QTL a =1 éé

TL.o,i. E PL.o »'

then for the expre851ons ZXPL - ZXTL~;

APL - /.xTL --0 (1- Tg ) AGL
PL, -} _.TL.0~ x1. Tpo. - 61,0

'vForuthecalteration'in the weight of the air, we have left:

pers

GL.O X-l (“L.O TL 0 i le - :ﬁ.; i '



is shown in figure & .

';lteratlon 1n'v Tume of alrQ;fIﬁfluen0qQ*:

ST 2 iaf uhe olower)k B o
'1Thus, the amount ‘of glteratlon in-the- volune of eir is| 1nverse1v
- proportional to. the . steepness of the blower’characterlstic ana :
,,the external temperathre.\5 ;4;. P S

S As w111 be’ showil later; all ‘the' oxyﬂen carrlers undez
< con31deration e”fect a positlve alteratloa 43GI { 80 that he

sne01f1c 1ncrease 1n output 11ses somewhat Vlth altltuﬁe.,;;;;;;;x[f

\ . Alteratlon in boost air temnerature- "1nf1uence of the;” o

""““"“‘i“f 5 ml.:;.ture- L

[P LI - el e atastte hsssnrmem—

: S ol e o : ,

: e The boost air temnerature 1s lowered QW1ng to the vanorlsation'
of the injected oxygen carrier: 'isgnoring the slight change in - ‘
temperature of the psrt, of the flu1d nhlch does not become;_»_,;4,,
vaporised we” mav urocebd f;om the folloW1ng assumntlon--”;

o |  '- (GL%L *f xGycpY) (TI, * ,\Tx)
(cp specillc heats,. i

ZXTX = alteratlon 1n temnerature 1n the boost alr plpe due to
' m1x1ng) R

e

Ll

wlnh the anproximates GL x—Gb.o and TL }ﬂTI'O,S;T; o

We have /STX (1 - G'“cpx )ﬂ : GX CPX (TI, 6 - TX) (8) 5

- For the requlred change in. tne volume of glr we huve thus-

Qe (re o (1- T )va O Cpx(lio - T rr (9)
GL o X-l ITIJ.O GL.O c")I!TL ’ )

(Gimplif—:!.&d1al~ ,_1.,6&21_'//&1, e

Ar l "' G tc (\j‘ :L GX I\[I!
RN G‘L o OPIJ N GT,.O Iv-

. I

oalv strlctly fulfllled in the case of dlatomlc gases 1n the aoove
“range. of temperature. _ : S ‘ ,

The ezpre831on in- brachets on the nght 31de is.a crlterloﬁ
for the vaporlsatlon process in the boost eir pipe; those oxygen
‘carriers in Wthh it is poultxve should ‘be vaporlqed A the boost

‘air pipe/ .G
.1 pER \FE#E’ posltlve~ those in Whlch 1t is negatlve, in the o
ﬂcvllnder. ' L et R :

c) Alteratlon in bra.e horse'nower-l eclflc 1ncrease in- outnut o

S
o The alteratlon of the 1ndlcated 7oWeT can be determlaed, as
~the dinitisl equation (1) shows, from the alteration in.the Weight "
‘of air used and ‘the Mair value™ 0’&00016&3” to (8),:Whlch cen be

[ : _-'_.\'-'“

-5 -



ascertained from the urOpertles of the osygen carrler. Wrom it
conclusions can be" drawn as to the alteratlon in. brake horsef.}
-power, if we take  into. account thet, the engine speed:- remalns}gju
,constant ‘during’ the. process, and that therefore the fr1ct10n‘j.=
inorse power NR can be assumed to be constant.,. : R '

‘ If the characterlstlc curve factor C of: the blower can be
:assumed to be equal to 1, then the' blower horse power N; remalns

;constant otherW1se there is: a slight dependance on the 3
v alteration in the weight of air oellvered.w If, for the sake of
-‘S1mp11c1ty, we assume that C I 1t follows that Ny, 0= O;~i e~*e~
o z_x Ne Z\Ni
' and so'a ,

( Gz -
, GL.O"
or
) .,(N-i '.‘0 B

G‘L o" o ‘ )
q belng the - value later shown 1n flgure 7._ L ’,;}Ef/’

4‘j ’?

(10,

Then for a four-stro?e envlne 71th external 10n1t10n we may erte-

pli GI..o IRt cg; o IR EI T et

and for the Spec1fic increase in outuut*u"“

. (t; »,lg_xg.-:llog S, AR (1“‘2’)7

“From figure 7 it appears that the values of- +) lluctuate

lbeﬁWeen 2 5 and 4. BFSS y SO that from a four—stroke englne wlth

3‘externa1 10n1t10n wegmay oxpcct outouts of from 5 5. to 6. 5PSS

_ In the case of ‘an englne with self-lgnltlon whlch normallv .

- operates with a surplus of air, caution is necessarv An. deternlnlng -
the "air value". It must be taken into account that the oxyge
carrier may possible burn with a different fuel deflclencv than
the consumed air. 'As the calorific value of the mixture is less
than in an engine with" external ignition, heat of formatlon and

~heat of vaporlsatlon plav 8 more imoortant part.sg ST "

- TIFf in;ection occurs 1nto the. blower or before the blower ‘ :

. -the relatlonshlp becomes more complicated, as the intake temneraturev,

- comes in as another variable (influence of the mix ture). Before
going into this, the results obtained up to the nresent 1rom
comparlng varlous oxygen carrlers must be introduced :

5.. Some oxygen carrlers compared

T a) The oaygen carrlers 1ﬁ quesblon

- The ch01ce of oyygen carrlers was 11m1ted to those Jﬂlch
- could be considered in-view of +the supply povltlon as’ recards
’ related sPheres of anplicstlon. Such ares~ :

'!



-.\—\

8Q7 Hyérogen peroxide, ’lbii' id oxygen;'
,f nltrous oylde-gtetra~n1tro-methan i

The materlal data are set out 1n Table 1
o (F1g.4-- available oxygen content)
(Fig.s,—'alterstlon 1n welght of air char e)

,,e;b) The o veen carriers compared

ity »Figure 4 shows the avallable oxygen content in re atlon to :
Qalr. At the head, of course, sStands os tygen; followed. by nitrie’
acid and tetra—nltro-methane.v It Wwill be 'shown that ®this nlcture :
“ig notia true 1ndlcat10n of the su1tab111uv of the substances e
for englnes.' peR R R o b 5 i a.»

: The flrst alteratlon is brought about bv the elfect of the '

‘supply of oxygen csrrler ‘on the‘welpht of the alr charwe.» In: j.

3accordance with (9)s . ; L S
S ch ~=‘j’": o e

Where the blower characterlstlc factor C= l,}exxernal temnerabure“
2, 235 and the boost cir temnerature TT 5230 vve S

, ~wThese values were comnlled for the substances selected in- ,

"flgure 5, and were included in Table 1. -The best result by a long
‘way was that for: hydrogen peroxide, while nitric aeid, 11qu1ﬂ

. nitrous ox1de, ‘and. tetra—nltro-metndne -were. about- equal. No0 -

- already shows no further effect at 200, Whlle gaseous 02 causes

- the volume of air to fall sharply. Refe*ence has already been
made to the fact that Substances with dos1ﬁ1ve values are better
gvaporlsed 1n the boost air plpe. . . : _

oL The" "alr value" also denends on the pronortlon Whlch is
';vaporised as will”be gathered: from (2) ‘Figure 6 shows the air
value,’ lelded into: thet part which is dependent on x, and that
part which is 1ndepeadent of X« In spite-of their. oxvven content,
hydrogen peroxide and mitrous oxide showed the greatest improve~.
~ment, while nitric aela was inferior (on account of its positive.
heat af formation).’ Tetra-nitro-~methane is already better than v
‘nitrie acid, Whlle hvdrogen pero 1de has risen to_ 957 qnd nltraus
oxide to 85%. , . ,
, , Flnallv, flgure 7 shows the alteratlon in the 1ndlcated
power. = For x - 1- hydrogen peroxide is ahead, even outstripplng
oxygen. . This high value is largely due to the great heat of
vaporisation,. which" causes the boost air to cool coaolderublv. so L
that the volume of air delivered by the blower. rose cons1deraolv
(ll .5) this W1ll be dlscussed lster.,"' RN

: COmplete Vaporlsatlon in the boost alr plpe - excépt With |
“osygen and nitrous oxide is a matter of some difficulty, esneciallv
with® tetra—nltro—methane (setting n01nt ~12°) ~But nitric acid
and tetra-nitro-methane are only superior to. plessureless liQUld
‘nitrous oxide in the. case of complete vaporisation in. the boost
" air pipe, nitric acid by about 104, tetra-nitro-methane by sbout
254 If veporisation fails, there is praetically no difference
'between'nltrous oxide and tetra—nltlo—methane whlle nltrlc ac:d
isinferior by aoout 1oﬂ. - . ,

I



shcw1ng ﬁhe sdbstances and the values calculated
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(Fig;{6}- air valve)'”

(F1 7 - alteratlon 1n Indlceted Power)

(Flg.98 - alteratlon in IﬂdlCuted Pouer (02 +
(Flg. 9'- Temperatures n~the_Boost A1r Svstem)z“

, The phys1eal propertles offnltlous”oalde vhlch make it

‘;ou1table for englnes may be ‘seen in'the fazet that, whereads. the
“oxygen content is: ‘only 36.4%, the valnlng _output 1s 59 84 coupared
+o_llquld, and 71 4% compared to gaseous o*yven.-

The dlfferences are stlll further reduced if 1n3ectlon RO S
takes place before the blower, The results of -complete.
“calculations may be seen in fleure 8 ', Here nitrous oxide

.reaches 75.5% of liquid oxygen, &nd- actua117 88,74 of . 1liquid :
oxygen vapotlsed before the. blower.s Also . 1ncluded in this disgram
are the results for various blower characteristics - indicated -

_for different valugs of: uhe factor C.{ mnese 1nfluences are not
- of Wreat imnorugnce., ; . : :

. In fleure 9 8 bructlcal example isgiven of uhe course of
the temperature in thé boost sir pipes If we ‘assume an external
" temperature of =500, and 'if injection takes place before the
~blower, then with. n1trouswox1de“the—temoerature falls.to -87.80, .
S with oxygen to =75,99; after the blower the original temoerature
" falls from 63.5° to 21,60 with nitrous oxide, and to 3% O° with
Loxygens A neeessary condition 1s that complete vaporlsatlon
oceurs. before ‘the. blower. - S .
: If 1n3ect10n takes olace after the blower the correSpondlng
boost air temperatures, agaln with 50% gain in performaace, ere..
-19,5° for nitrous ox1de, +18,5 for oxvpen, that is, considerably -
lower than when injection takes vlace before the blower, In the =
first case the boost pressure is increased in comparison with the 1
inltial condltlon in the second case it falls SllPhth. -

The dlagram also 1ncludes those temperatures which would
‘oc¢cur if hydrogen peroxide, injected after the blower, were made-”
“to vaporlse completely, Acco:ding to figure 7, as already shown,n
the gain in output. should be very satlsxactorv ‘here. But it .
appears that for & 50% galn in performeice the fall in temuerature
(-759) would ‘be -so vreat thet the process couwld no longer be: .;
-controlled by the evlstlnﬁ mesans, qu1te apart from the faet that
at such low temperatures hydrogen perox xide becomes solid.,_If '
only that proportion is vaporised which would couse as much .
cooling as does the: complete vaporisation of nitrous ox1de, then
the: usable outputs W111 be almost ewactly equal.,. S B

~f4. E The rmal 1oad on the power unlt

a) Deductlon from the equatlons

It is dlfflcult %o establlsh F:) deflnlte therm046vnamic ]4
factor for the thermal load on . the pouer unit, ‘Besides the
absolute value of the combustion temoe;utures, the peak" pressurés
(spltzendrﬂcke) which occur also détermine thermal loading of-
the piston, and these again depend, -not onlz on the maximum
temperature, but also on'the rate of combu 1on. R

~Dhe tendency to: knocklng WhICh 1s 1moortant f ctorlln -
the thermal load on the piston is:also aflected by alterstion:
‘in the rate of combustlon. The- temuelature of the exhaust gases

.‘.58"‘-



is’ 1mportant for the ‘exhaust. valves. As alteratlons in’ exhaust
~temperature and meximum, temnerature aur1ng eombustion ‘are . e
[pIaotically in-direct relatlonship ‘and ~as:'in some engine - tvnes
the thermal load on the exhaust. valves is of: speclal 1mportance,
we' shall here—go 1nto the alteratlons 1n exhdust temnerature Tab':

_We*mayﬁdeduce from the energy balance Wlthout addltlon-"

_ W1th addltlon ?f ; A . . ;
‘ile— 1)Nl.o = (GL GX)°nabTab

v-If We simpllfy thls by puttlng cp b‘ﬁfcpI’ then ;;:

. (GL * G ) (Tab = Tg)
Ni.o ;.G (Tab.O"7F-)

GpLT oplxrE
GL 0 pL(Tab o=ty o

L;or;- sappress1ng the small exnress1ons of the second order-—a.

a4 N-"- Alay ,;,\GI. G . G oplaopmiEw
Mido - Tab o= Ty 5-‘;'GL-° -'ffv.GL;o',? °pr(Tab,o - Ta)

'fﬁSing eqhations’{l)‘and'(2), we get:

Zﬁ.Taﬁ .{;\, GX '(er'i -7exz-- °ex$x" chqu-
Ta.‘n.o ~Tg GL-o el ch_(Tbo"‘TaT—

1 b) The oxygen carrlers compared

L. Iun flgure 10, the e"nresalon y stands for Ta = 235° and
GPL(Tdb o - Dg)i= 270 Keal/kg of formula (13). It appears Lhat -

-~ if vaporisation occurs in the boost air pipe ~ hvdrogen perovlde
“causes no increase in the temperature of the exhaust; - next in
order is nitrous- ex1de fbllowed by nltrlc ac1d and tetra-nltro- '

_methane..'

(Flg.lo - alteratlon 1n Exhaust Gas Temperature) *},ey'

(Flg.ll - relatlon be tween increase in ndﬁé?"ﬁﬁd“rise—1n~exhaustﬁf“
x ‘ ,jy’,gas temperature) N : , S

- - A crlterlon for the suitabllity of the oxygen carrlers for
englnes is the relationship between increase in. performance and -
increase in exhaust temperature;  as limits must be set to the"
" increase in exhaust: temperature, this value |gives an indlcation of.‘
'~ how much individual substances will increase the verformance,
“Hyﬂrogen peroxlde would be partlcu1c41y outstanding (figure" 11)

: if vaporisation’in the boost air pipe occurred. If ome’ con51ders,"
however that only nitrous ox1de and o*vgen are\certaln to Ha ,



vaporise then 11 uld nltrous oxide is clearlv superior -to ali
.other: substances ?Ior ‘instance; more than 100% better then oxygen)
It-will be clesr .from what has: already ‘been-said that this -
sgpegiority w111 be even greater £ inaectlon akes ‘place before

- the OWer.: R SR w_,ce? -.,-:rmqu L

*551?4*'Su1teb111tv of the oxy pen carrlers from;the{001nt of v1ew of :
T .,the englne and 1ts operatzon.dwg_ e T R

a) Corr051on behaviour.v" 5

v As a basis for the employment of oxygen carrler ; 1t 1s o
coa31dered essential that the pover unit is unaltered'“ it is
impos51ble for the nreseﬁt at least to adapt the . power unit to-
‘the oxygeéen carriers, - Therefore the oxygen. calrlers must not be -
~such as to" corrode the material of which the aero-engine is

. constructed. Mstters are made simpler by the faect thet the
 substances. when in contact with the. power unit are only ina
. rarefied condltlon, and- that the times: durlng'whlch they are-
Supplled are short compared wrth the totel ooeratlng perlod.pgl.

' The corroS1ve effect of hvdrogen peroxrde on 1ron is e
dlfficult to investigate, as there is a,cata 1ytlc effeet which'
causes the oxygen carrier to disintesrate; rust is. certain to "
form, : nght metal allOYS are not heavrly attached “but 1nter-;;l
crystalline corrosion may occur.- Bronzes re attacked. g.*-~.aL”

_ Nltrlc &Cld attecks 1ron but lleht metal allovs free of‘*‘
- magnesium behave well, ' ALl magne31um allovs like: Hy 7 and 359
&re heavrly attacked.. Bronzes also ‘are unsultaole. ;

- Ovvgen ha° practlcally o’ effect“ but an the case of the

. alumlnlum—mavne31um alloy H 9 corr031on was observed after a -
~lapse.of Weeks.e But with nitrous oxide 11quef1ed under pressure
we dbserved no corrosion at all, and even the brqultous Weter ’
‘ corros1on is somewhat reduced. S Sl o

- -f Wlth the short SUDylV perlod, oxvﬂen wﬂd nltrous ovlde
should cause no dlfflculty, hvdrogen peroxide very little, aad
tetra-nltro-methane azain none.. On-the other hand, nit¥ie acid
cannot be supplled to modern aero-eﬁglnes W1thout danrer.-‘ e

b) Khocklng behaviour.

S The performance of a modern fbur-stroke aero-en~1ne W1th
external ignition is limited by the resistance offered: to-

‘knocking by the fuel and the shape of the combustion snace., ; _
Since at high altitudes gains in perfnrmarice of up to 100 combcred :

with the: inltlal performance are demanded, the behav1our of the
oxygen carrier as repards knocklng 15 of cruclal 1meortance. T

So far, the only duta about knocklng axre those fbr oxygen .
‘and nltrous OAldeui With nitrovs oxide the rate of combustion .
‘increases, which implies a greeter resistance. to- knockings From
-experiments- carried-out in’ ‘many quarters, it ovpesrs that ,“When
knock-free maximum verformance . is obtained- 71thout addltlon, then
there is certein not to be any knocking with dddition of oxygen-
carriersy It should be mentioned heré that ‘the. performance hag -
already been raised by moré than 100%, and that we have already
achieVed freedom from knocking at performances at Wwhich 1'no‘cl_c:t.ng
occurred when there was no oﬂygen addltloq. A RSN

Ongen ‘can also be used in modern aero-enalaes W1thout

caus ing difficulties, Here it 'is important’ to achieve compleue =
veporlsation in uhe boost gir- plpe if we cre\to e*p101t to the

7510".



. full ‘the po: sibllltv of” reducing thermal 10u 1nu., DVL have haﬂ?ﬁ{
vcon51ﬂerab1e success through' installing 2 shecisl vaworlser after‘
“the ‘blower, Of .course, with oxygen the ebaolute geln in:

, erformqnce must be lower than with mitrous oxide, otherwlse-

.thermal-overloading of the engine’ 111 oceur.r« R

S Itﬁwas found imp0851b1e to'run a DB-601 on a sumﬁly of .
ghvdrogen perox1de. ‘Even When a’ small volume was. surplied runllng;
became unsteady, " &nd there v were closr 1ndlcat10n oFf celaved : ’
;combu°t10n. The. experiments in questlon were. only of an
~exploratory nature, the oxygen ‘carrier being. supnlled in thef
‘same’ simple manner as nltrous ‘oxide: or oxygen., It is- pODSlb1
Jthuc W1th one01a1 prechutlons improvement could oe made. e N

s Nltrlc acld also cguwes increased knocmlng, as appeured
;flom eynellments made by Bmvy‘j._ - RS S

- Tetra—nitvo-methane has the unfavourable nroperty of Ll
m_neutra1131ng the lead content of fuels containing lead by means

fjof oyvdatlon. Fven qma]l vnlumpq nf 1+ reduce the octunevnumher*__
. ‘_’\“ ol . L . e . d

c) Storage

L The c'torams of oxy gen. cﬁrrlers is verv 1mnort nt in.
‘practice, for large: volumes must be earried, - In addition to the_ji
welght”ﬁhlch is taken up, the space occunied is an 1mﬁortunt B
‘factor When they hawe to be carrled 1n aircra t., R R

_ Figure 12 shows the dens1t1es;of the ox vgen carrlers~(for
4n1trous oxide 11quef1ed under - pressure the officinclly laid down
value 0,75 Kg/1l is given).: Tetra-nitro-methane is the mo st '
fovourable, while nitrous: oxlde llquefied under ﬂresoure is..

;unfavouxable.;ﬁk&_.

. ' Dhe case is reversed as ren rds the oettlnw wo:nt Which‘is
1mportant ‘When opelatlng at great ultltudes tha t is, o T
- tempe ratures of -50°C znd under, It will a “pecr Trom Ligure 15 ‘
‘that tetra-nitro-methane cen hardly be useo, cnd thoet- hvdronen D
‘peroxide will couse difficulby, while nitiic aeid is ot the
frlnge, and oxygen ad nltrous o 1de are sulmaole.

- , In addltloa to stor ge in aircza‘t, uhe UOuSlbllltV of -

wwstoraoe for delivery requires ‘attention., - Here those substances
'whlch are only liquid in a suser-cooled state are unsuitea ble,

as special’ steps have to be taken to ‘meintsin this tempercture.

- The problems. Whlch arise here are already- solved; - nitrous oxide

~ has a decisive advantage in tactical” use, as the- VuPOTlSOtIOD 18‘“'
'3 to 3.5 times less: than that of 11quld oxygen. ‘ S

(Plg. 12 - Den 1t1es of oxygen curriers) 'vﬁw;f:‘

i (Fig. 15 - Set‘clng poinus) :-%—,-f’%w.‘_h.;.,_'._, Sl 22
4) Handling TR R ."‘ 1 -

, Oonvenleat and saFe h;ndllng of the ﬁubstances is of merelv-
secondery importance as rescrds engines, but is discusséed here
-for the sake of comnleteness, 2s any special measures undertaken .
for the instruction ond protection of ground versonnel devend on
it. It would be s hlndrance to tHe general use of the nrocess
flf only spe01g1 personnel could be aIIOWed 1o deul W1th 1t. :
_»L‘ Hydmoven pero:ide is sensztmve to- 1mpur1ties of a metallic
oI organ%c natume, as these cun cause dlglnteglutlon of the ‘oxygen

11-”



:Qarrier; Burns caused bv contact With the substance_ure harmleos f
rif it is Washed awav at once' *lon@er.exnosuee ls‘dunmerous. =

e ﬂltrl' acld iy relatlvelv insens1tive to 1mnur1mies~ !onlvf_:
‘a cextain groun of organic substances:can cause dlSlﬁtegratlon.-'
.On - the’ other. hand the phv51olog1ca1 effects are extremely .. -
;dlsagreeable. The vapour is- very poisonous; and-contact causes
-gevere oorL031on to the tlssue o; the shln and bones (see note L
at! end of thls naper) o : A

, Ozvgen 1s insen31t1ve to imourltle ‘burns;only result from
1oaa evposure.lw,--, e . , N‘ Gl e ;[v*‘:* B
: Nltrous oxide 1° 11PeW1sem;a°en31t1ve to imourltles and I8
;1ess aotlve ‘towards organic subs tances tlhien oxygen. - Desnite the.u
~less extreme temnergture,_ourns ‘anpear more qu1cF1v then with

oxygen, as nitrous oxide moistens the ‘skin more. QUIC&IV.v thsi—
'oloﬂioal effects ("Jauvhlng gas") only reach an‘unnleas ant o
.1nteﬁeitv with - svrong concent;atlons, and are therefore' ’
'unlmportant 1n ordoulce. -; - NS Cin B

A Tetra—nltro-methane is ﬂot h1 hly seaeltlve to- 1mnur1»1es.w;
The vapour. is very n01sonous-' 1t aooeare to hcve 1o harmful ‘
effect on. the shln. LR ‘ S _

: Therefore, no opeClul urecautlons are necesearv “in hgndllng
oxvgen and nitrous. oalde-f ulth hvorooen perovide, limited sa fety
measures are necessary, while only ‘instrveted pers sonnel cen be .

-—allowed to deal naih—$e$;a—n&i&e—mexhaﬁe—ano—n;urlc 016.;: I

k. 1

'6;_ Conclu51ons as to the ch01ce o; ovvven cur:-er'

To sum up our flndlﬁps-—‘

: 1) Outuut in uhe englne deneun not on uhe oxvven
content alone, but. also on. the heat of va-orlsatloa and’ the eztent
to whlch vaporlsatlon t xes nlice in the 1nt1Le,plpe.:

B Hvdro gen per Lide_would.betthe~most suite ble R
substance if vapo;isatlon in/ the intake were comnlete. Bub the -
boost air would ‘cool to such a degree thub only sllght pulas ia .
gerformaace would oe o0051ble.~; . ; «

S 3), Nltrous oxide has the nost sultaole tbermal
: oropertles, as it vanorises well, ané the heat of vaporisation’
.'is such that gains in performeﬂce of 100% are pos ssibles the out-
“put attains that of nitric acid, and moreover nitrous oxride i
permits the greatest gain in oezIormance of 211 the substances
used (apaxt from eonpletelv Vunorlsﬁole hvdrogen oerox1de)

R 4). The corros1on factor makes nitrlc e01d nd tetra-
nltro-methane uneultable for prolonned opers tlon.; :

5) ‘The hnocx1nﬂ factor 11m1us the p0331ble substances
for enolnes ﬂlth ewternal 1Pn1t10ﬁ to O Vven and. 11trous ox1€e. -
' ) On the other hand nlurous oxide onTV rea ches 80 to

75 of the specific output guln which is aveilable from oxygen, so

thet under twWwo“headings the choice is limitless; for Short :

period use to achieve large geains, in performance nitrous :

oxide is best, while for smaller gulns in oer;ormaace over’ 1onger
’ perlods o&yﬂen is oest._ o AR S e T .

‘>7, '  Pesults oz egpellments > ;:-' '..-‘ -f"”.f_p,g
The apdendea resultswhuve been reoeutedlv checked~bv

- 12 -



1ndustr1al undertsklnms and research WOrkezs. The beIOW1ng
account contains: detslls about them. The object is here to.

arrive ‘at a conclus1on ‘as. to the Sso-called: speclflo saln 1n out»uu
whlch can be obtalned fron nltrous o: 1ne.-< e o _

~

Acco¢dlng to formule (10) and figLre v the mean value-if.Zi‘

Ni o ; Gﬁ Hf;;1_~e, }',e:ﬁfsf:"

Vi

I
T
~for nltrous 03 ide with comp lete vanorlsatlon in the boost a1r

pipe (x::fl) slven~-A,~; e e N e i
R super—cooled nressureless materlal ‘7 7f*‘ 2 714
;. material (dt 200) 11quef1ed under presoure 2 195

Takmng into account 5186 uhat Q.and Q_are in the rel tien~ 
Shlp {‘- 1. 40 Q we' get ‘the. v;lues given in flgurs 14.¢ e o
w

(Flg. 14 —.Jnec1f1ea valn in- output)

; - In thls flgure the meximum value is still that for - =
pressureless substance injected before the bléower. ~ In this case
'the performance of the blower is not constant, as the weight of
alr delivered falls as the tenner ture before the blouer f 113..

: *) here becomes-

Ry ,=-1_.'4oji( _ ﬁLﬂ oo

the alters tion in the perxormance of the blover belng more .
“considerable then when injection takes plece after the blower . -
because of the greater gain in the weight of air.. In practice -
“the: 1nject10n point is always very close to the blower, on account
of the short intake pipe; the;e:ore ‘comnlete vaworlsaflon before
. the blower is unattainable. Also, the. centrlf 2l eifect of the
~ rapidly rotating 1mpeller, with- nlt;ous oxide . prevents the ‘
‘formation of snow (which in theory should occur at pressures L
below 0.9 ats), and w1th oxy gen. prevents the formatlon of-{evden

. frost.-

In the illustratlon'the results‘of experlmeats at various
:laces are shown- (1n3ect10n before the blower); we are aware
that the outputs. achieved in prsctice are less than the theoretical
values, for the reasons given. Tor the future, we must attempt to
make imnrovements bv cont;olllng Gevelovments. : s

: It Wlll be understood thst the theoretlcal output can onlv
“be attalned if there is sufficient fuel for the combustion of the

. additional. oxygen. Power units which run on rich mixtures znd in-
whlch,only slight gains - in performdnce are required do not
_,requlre any . sPe01a1 handlirng; ~ but in cases where extrenmely lax e
" .gains in performance are requlled, it will be necessary, besides
sunplvlng the oxygen carxrier, to mcke adgustments to the 1n3ect10n

pump.

5 It is noteworthv thkt.uhe outputs hele glven are in nart the
‘result of evperlments in which the-ratio of fuel to air was
variable. The gain in output is thus the increase . compared with
the most favourable performance on air., If we took as our ba31s
the - performance on-air -with the governor ﬂt the same settlng

nthroughout “the | galn in output would be prepter.

- 15 -



:a,. The atuainable fll”ht perfbrmance

- The’ ttalnable f1v1n~,ne1formance is- qxesented 1a f1~ures o

15 ﬂd 16,  The: gireraft in question is a'modern: tyve, the. 3oners
being celeulated for: 1dent1c“1 conditlons with and W1thout
addltlves, ‘and thus forming a basis. for- cow arison.: ‘It is-
iecognised that it -is »dlfilcult to” culculate the:’ bsolute :WIers o
: unless you .are yourself the manufacturer; < therefore the - uvoeils
' not namead, ~and ‘the . comnarutlve values not the absolnte vulues;

.are. stressed. RS P . , B : g

Plpure 15 shows oq the left the nngine eowerS‘—vlih the
galn in performance vermitted dullng the pest year aﬂd thax whlch
it is hoped to zchieve in future; the latter: h*s’"lready ‘been .
surpassed on a test-stdnd, as BMW will report in more .detao % luter
ons At a height of 12 Km, “the increczse which was permltted at
- the Front was 505, which in future will be almost doubled, .On
the right are. entered thé horizontal flying svesds; the gnln‘"t
main operatlonal height is. con51deruble-' a favourable - .. v
- circumstance is, ‘thot with the: gain in. ﬂerformﬂnce there 1s

better ratio between co—efflclent of buovencv<eno co-efflclent of
“e31stance.‘ ' U e 5 R

Plgure 18 shows imeroxements 1n uhe ra te of cﬁlmb"'?-f‘ _
(Flg.?15 - Fllnht nerformunce of a tW1n-eng1ned alrcru+t)
(Flg. lo - Flivht performance of a uwin-eﬁg%ﬂed-&lrcraft) :

It is understandanle thot ut hl’hﬁr gltltudes the speed of .
climb will ineciease Substa antially; so- thﬂt’“lﬁo”éth@I“thé“ﬁd@fIUﬁl4
‘Success was remarxable. Also the illustictions show thot at 10 .
to 11 Km. the twin-engined aireraft wes at 1east & ,Last as o
s1nvle—en01ned fl ghter without uodltlve. v : -

, It appears 0 me soeclwllv 1maorthnt to eutuDllSh a
comoarlson*ilth thrust ‘wids.  This is not the place to go into
detalls, but it shouln~be stated that in reconnﬂis”ﬁnce fllﬁhts
over England there was 2 thrust consumpition of 0.6 = 0. 78/588. —~
‘data taken from flight gerformance. Thls figure, which is so to:
speek net, the resistance of the thrust aié hoving already been
deducted hes ‘not; been uttulned by ©ny OL the ulCS known to~- d"y'_

N

9. ‘ Ccnstructlon oF the equ1pment SRR 7 f;[_'”

The equlpment OrlFlﬁ lly used to aChleVG g ins ‘in : o
performance was of simple construetion; . the nitrous oxide was’
blown into the inteke vire under its own vapour pressure., But
difficulties soon appeared in practice; . e, Se the: reduetlon An-
pressure -as the substance was used up, and’ coollng from outside,

- resulting in reduced gain in performance, also the boiler-like
behaviour of the contalne s when fired on. Although special
developments to the containers mﬁde 1t wocsible to achieve
adequate safety against enemy atthe , provided certain geometriacT
relationships were observed, newertheleSs the cdvantages of the
rressureless fluid as reaards gain in output and space—welght
ratio Wwere so pronouncéd that the equipment is nowadays 1o arzely .
COﬂ°tIUCbed for the pressureless liquid., PFigures 17 and 18 show
the way in which the equipment was constructed for an aircroft
type Junkers 88, which czi carry 360 Kg. of special substance
corresponding to. a working cepacity of 21,000 Hp/minutes,. - The
~containers are ordinery aluminium contalners '1t cownarntlvely
-moderate insulation; so calculated that'the vapour loss is- 2bout |
1% per hour on the. vround, ,nd about 0. 6ﬂ per hour‘ﬂt the
operatlonL1 height, _ v



(P1g.,8 - Pover boostlag equlnment)

The equzpment cun mloo be used for llcuiﬁ oxy en but the
&a:our loss wiould be 3.2 times o8 great on the ground end cbout ® 5
tlmes ag nf:ceza.t at altltude 80 thut the- stored working- canacltv, o
what vitth the léngth of tlme during which it must be’ stored in
‘practical operctions, is not noticeadly: ﬁreater than for nitrous .

ozide. . Attempts are being mzde to. inploxe the' insulation, so tho t
-in cases .where only o slight 'gain is quUIIed llqu16 o*vren cen
also by used in he equlpment.- 1;.”‘,_‘ L L i 3

Af;(Fia.l9 - Method of oper tion of sveclal equpment) 3,Aff

. The technlc,l coqstructlon of the equlpment cin be guthered
from the diagram, flg.lQ which makes it cleor thaot tasks simple .
~in themselvés. become more difficult if push-button: ‘control, L
selective suurly ete. oxe. requireds The scope of thls renort
prevents our going into details. about the- equipment. The .
surpriging nature of the tosk of” development mey be- reallsed e
from the fact thet when the equipment wos First set to work thele -
waes: no effect for fourior five mlnutes. This is the time- ~ - -
‘neeessary -to £ill the leads to the - 3ower unlt w1th liguid, - In-.
practice, such u lapse of time is, of course, ntolerasle.
Insulbtlna the - ﬂlpe or further cooling ite walls by mecns of
prolonged vaporisation provided no final remedy, ' The solutlon
was last found in the shove of a larue supplementery outlet
which is actusted when ‘the equipment is SW1tched on ond - is closed
by thermal effect. vhen the 11qu1d arrlves "t this point, -

10. g Conclus1ons-:f'

_ To sum up' The olyven 001tent is 1ot'bhe anly foetor whiah
~contributes to a gain in outyut in & booeted engine. - Above cll,
.the heat of vaporlcatlon cnéd.the negative or O°lth9 heat: of _
formetion of the oxygen carrier zare 1mﬁoltﬂnt.‘ ‘Phis' leads to the
conclusion that the theoreticel outuut from nitrous o:zide is equel
to that of nitric acids As regaxds. goss1b111ties of epvlicction.
to power units of modern alrcl_lt “the corrosion fuctor and 2bove
all the knocking exfect °"e the mawor conQ1derat10ns. e

, These requ1rements reduce the NOS sible ogygen cerrlers
view of the suprly situation, to oxygen and nitrous: ollﬂe,»u%
least for power units with external 1°n1t10n.‘ Nitrous oxide is
thus far superior to oz ;ygen, that it nuts less thermal load on the
pover unlt,ﬁcnd so zllows an absolute gzin in. performaﬂce of. 60% ~
“80%° compared o ¢xygen. Also it is-more easily handled because . of
the less extreme temper=ztures. The specific gain in outnut with
the =dditive supplied after the blower is ag 0,60 ¢+ 1; with the
‘additive ‘'supplied before the blower it is 0.73:1:’ the vapour 1oss
- for nltrouo oxide is 3-3.5 tlmes less on uhe pround - 2nd- ebout 5 -
tlmes less at ultltude. s R v

- The German Alr Folee hel bu11t up un oreunl "tlon for
malntalnlng the supulv of nltrous oxrlde which is equ al to eVery
'Cenend made upon At

Flnallv autenulon ehould be drewn to the. wou31b111ty of
-fcomblnlng the above described process for supplying a special
oxygen ccrrier to engines with the system evolved by Stieglitsz
and Triebnigg of varving the ratios of fuel corrier to ballast
carrier. Initial experiments on these 'lines were zlready being
’«suceessfully conducteu in"the LuftfahrtfoIschungsunstalt Hermenn
G¥ring, 1% years ago. .This suggests. the ?OSSlblllty of a comb1n96
nroness on the follOW1ng llnes'—:e v :
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N 1) The 1ntroduct10n o‘ 'Voen‘cerrier before the
ﬁbloner in ouch ‘a way -thst by paztlo ’VuﬁOTlS tlon ‘the temperatur.'
’before the)blower cin be b ourht aown bv 50-50 (eVeﬁ more.on i
ae g&ound . S L :

)

2)y The 1ntroductlon of" 2 fuel—ballust nixture . after the:
;blower in such a. way that- by portlal vaoorlsation the temperatur:[
Ln—the~boost ulr plpe c‘n oe brounht down to" about 0«’ -

5)..The fuel—ballast mi: ture"fo befso ad]usted to:the"“,¢
oxygen carrler that 1t 1ofh*rdJV‘neeessarvftO'regulate it ab all.uu

R ) The free v oozluedeullast inT He cv11n&erwmust be
sufflclent for: e:fectlve 1qterna1 cooli1u and for the reauctlon oj
‘nIessure neaks.ﬂ‘ - . EEAN L

: At uhe precent ouaoe, 1t seems thet nhlo obgect Wlll be3fb~
uchlewed in the neaxr future, In +this way, the normal power unit.
of to-day could become cepzble of pezk performances: of a. tkctlcul‘]
“value which would hzve been undreamed- of a short while: agoi  what. |
before only seemed attainable with: take-off ond- thrust -eids will
be done with less troublé, and will have a fer wider u3p11cwtlon..
T my opinion, the: reclorocetlng engine can now compete in fields -
w:ich were the exelusive domein of other tyneﬂ of . oropulslon"' :
teking into account that the power units in question haover been
“tested by years of ooeratlongl uctlTluy, these indicotions should
be taken seriously from the o01nt of v1ew ox other tvoes of L
vropu181on. IEEERE - , "
(the) whlle the ‘apove. was DGIA” wrlnted the flrm of
BKW Flugmotorenbau GmbH, Berlln-Soandwu, very Plndlv 1n;ormed
me of the - followlng e;oerlenceo ultl Nltilc acld - :

The CbleL danger resultlav from he use ‘of ﬂntric cia‘iQ’
through skin burns. These ccn, however, be rednced to a minimum
in the laboratory by careful hnacllng,fond on: arge scale by
“using sealed tunks., Even if some of the: 11qu16 Pete into the
eves, it will: do no haxm 1£ it is at once Washed awav W1th nlentv
_of water. ' S : - R : o x
“AS. nltLlC gases- cen onlv develop hlgh demree of
"concentzatlon if nltrlc acid is ciused to decomooee, ond-ws this
“will practlcally never oceur to nitric acid stored in the owmen,
'there -is-no-question of 1n3urv arising from the gases oxr vuoours
of nitrie-aeids--IL it-dis in- close: e"t‘,oar,"ve, or cloeed t&aks,
wngury by the g ses is 1mao"“1b1e.

. In three vecze of e3 pellmento, thaﬂhe to the obselv tions»
of ‘proper. precautioa no 1n3ur1es ‘have occurred. o R

'DI“CUﬁSIOV - F A.*. Schmld f v _j

: ‘The experlments i "the use of 1iquld ozygen to -induce
‘short- period geins in performance were extended recently to v
ineclude dlrect ‘injection into the inteke pipe- before the blover
(e“perlments by P. Kbrnacker) The oe01£10 goin 1n outaut eon
be seen 1n Flg. 1. - : o .

(Flg. 1‘—.~p801110 inciease in power in H.k./h./eec. for
B 11qu16 oxygen ¢ ‘nd 1i uid @-1 in termu of the’
- increase im” ooWer) » i e
- ;'-iIt is alnost double tnet.dhlch Wes obtulned bv uzing xﬂ~1,‘
Alsoy, compgred Jlth the re sult ejorted Bv 0. Lutz 1n ‘his thesis
o : ; : . i

16 -



differentfeng'”e,
, -1« 5 to 4.5 1°ec/g.,
‘mav e"pect double txlu outaut W1th 11quid owien. ~ﬁellments ;
o th' this injection of" ‘oxvgen: wWere cerried out on ensine—tynes '
D B-oOl cndwa-oOS. At fivst, ~the: maximum: pﬂrmiusible gain-in: per

g f ;11quid oxygen Was S0 chosen.that 4he. thermsl: lo

for maximum. performance &t maximum pregsure, . It

_jw>s assumad “thet when liquid oxygen was u qﬁ;ﬁé 31ug tewnerature
--and -exhaust, temperature ought: not to ‘be hig :

: her then ot maximum ..
power.  Udnder these condlulon ; We recoxded: galns of the order: of'”
iézo-zso HP.lat helwhto of fromulo 12 Km. ‘ i

e The hext experlments 7e;e 001celned ﬁlth obtulaing comnaricons
_between the combustion temper -ztures of an engine working norma11v 2
'NOIKinQ'hlth liquid oxygen, and with GM-l. The theoreticsl -end
,tempe;atures ‘of ‘combustion using: liquid oxygen Vere on an. average
about 150°C" ‘higher than if ﬁorklng with GM-l.  Owing +to the chan?e
“in the: condltlon° of heat trangfer the actual- difference in’ -
“temperature is lesg than that which was theoreticvlly enlculated.,
There is: furthermore the $o3sibility of 1a£1uenclng maximum. w0
pressure. ‘and maximum: conbuutlon temperatures in- the. directlon of
reducing the thermal loading by. means. of enrich1n~ the ml*ture s
and adﬂubtlnﬂ the 1pavt10n. o e , : : S R

S The method of Tegulbtlon nas. 1ot in ste s -ss in the1x
sxperiments with GM-1 described by O.Iutz,’ bu% in such a way .
:that every increase in altitude above maximum pressure. ‘altitude
“Was accompanled by an increase in theﬂvoIUNE_Uf_ny?6ﬁfiﬂj€ﬂ$€ﬁ—*“
Phis arrangement was. ‘made possible by. the use. of an ‘ad justable -
_injection valve, so that at. each helmht “the vleatest h0331ble {
~gain in performance- could be- reullsed.‘ The ouantltv of oxygen ;

- added-was controlled eltner by means of & pressure- capsule, . u31ng

- the absolute pressure, or by the difference in pressure compwred
“to maximum pressure. "By a special-arrangement: of the injector
nozzle, sihieh is. directly ‘connected siith the repgulating valve,

‘we were able -to reduce the time of response until there was no .
‘notlceable tlme 1ag betﬂeen inJectlon and galn 1n nerf01nance. ey

To sum" up, the uSP of llquld owy en, uhanhs to the increased
cgain in output, gives a flving tlme‘almost Gouble thot reached on
GM%l ~the 1mvrovements in performances veing less thon “that with
GM-1, but stlll quite. adequate for present requ1rements; ‘Mherefore
i cases where the gein in rovwer is to he m"lﬂﬁulﬂeﬁ for a longish
,zperlod llquld ‘oxygen is sunerlor to Gu-l. S

’ In connectlon hlth the teSus Ulth oxvgen e:nerlments are -
‘;*nv1saged involving the simultaneous use of me%hanol in oxdexr to
achieve extremely.high- galﬂo in pelformance.. The cooling eLfect i
of methanol relative to weisht, is much better than thet of
1nert nitrogen,. since the reductlon in temperature, when 1wt1ogen »
is used is due to the hest absorpt:oa of nltropen', while bthe .
cooling effect when using alcohol nzinly comes about through the-
- great. heat -of ‘vaporisstion. Conoequently, the maximum performonce
‘possible on liquid ozygen with an addition of methanol is likely
%o be.well above the. figure raached so ‘far. -In adﬂlthn,‘
: consumptlon 1s utlll more fawou1aole than w1th GM—l. o

r

Typed?JEM>  ij jjf L*_ :_ ;f5;“1;ﬁh Marqh;igéér






