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nwansmission of energy is due to impact from one molecular

5 troy oo A ety bad
system aanhery
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s make vractical officient use ol avallable energy created
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ny such & relative unhalance during formation of the world
regnires that the energy released occurs close to the original.
ambient condision.

Hydrncarboms are composed of heavy carbon molecules

non

s

sd to very lirht hydrosen molecules. It must be assumed
twat all earbon-nrdrogsen Tormation were formed during exclugion

af oxyeon An cavities of the enprth's crust at a MASS-RATE

* - : P ’
(temperature) 2gilal to the energy released Aduring oxidation.
fwis fixes the temperature somehthere between 2000 to 3000 desrees [,

anl the carresnondineg nressure.

‘,
MASS_RA™E 4increase can be achgéved @
s kv reducine the distance between moledular structures

2. wv accelerating the molecular mass due to energy
. o

release by chemical rearrangement of the structure.
Knock or detonation during hvdrocarbon oxidatlon (combustion)
in internal cambustion engines nas been an unexplained verplexing

shenomenom.  Mpe. Qtto soent vears tryine to find an answer oven

3

~

9] ﬁin atmosrheric eneine and hefore he 1nv¢nted the Otto cycle'

<

enrine. ‘e triad by mechanical means (snring loaded npistons etc)7

Lo avercome the iéstructive effect of the knock wilthoul success.
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Dee sl egeialic

first engine suffered “rom violent detonstion




and arter he susceeded in pettine rhe engine to operate at all
the

the exnibition in Munich Lo have
sines the knock

p & wag mecananry during
stopted an hour before the show onenecd
vine that the visitors would leave the hall.

fipst experience with knock, or detonation,
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are evidient o him that the ganerally gccepted e

xplantion for
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Aetopation, nemelv, too rapld enerasy release (too much fuel
In 1939,

yarned) for the Otto cvele enoinge WAas 2rronsous.

the Franklin i Inssitute in.Phlla. s he

nreseanted at

+sd ynitsmted evidence that =
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Vapapized #dY  or pressure atomized fuel doe
injacled into hish temparature alr,

combustion if

cnnge
25 Sinece hvdrocarbons crack at about 500 Adegrees IF
.ssure rise called éetonatlion

into H2,CHL And pganbon the violkent opre

v n lean hydrogen alr mixture.
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3. ieh soeed nhotosranhs of combustion at .

Unfverstty tn 1942 showed that pressupe vepaorized fuel (gazoline)

injected throush a larse acetylene welding torch does not react,
(ienite)iourn . or. is in.anv.way disturbed by the hish tenperature.
Calenlations. at that Sime at Princeton secmed to -

-
firom a4 lean hydrosen

ergy released YHASUM /A
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piston burnine,
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larse enousgh to cause ring
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of the other phonomina accomnanying detonation.

se tZure=nr any

T+ was concluded "that a reversal from ga s o ae bk inie nlace.

wauld 2xolain the succession of preassure Wnves always

es

roon - indleafen cards and extremely hieh temperatur

socompanvine detonatisn { nlus 4500 desrees R

v
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Bergius Tor the tipst tlme was able to
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14quify eanl by comoressine coal dust at hieh temperature in an

hyvdrogen atmosphere (edding hydrogen to the Felanular. abruchurel,

. Since the aévent of the Houdray process uaine hierh tempernbure
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tEds el thonEapresbulgs another method wWAS found  to

ged hydrogen molrenl=s L0 ashydrocarhon structure,

Ttiie therefons, quiha rvidient Lhat tha hy brocrhon

ot oo sl any tyne .of hvirocarban (onsoline, faal ollion

reavier hvi *Oﬂﬂnhﬂn 1iquids) 1°',eq%t Yy e it oiimas sy acceleration.

~ ."\ ~
t'ha nona

watwsnn the hvdrosen and o“rbon is weak nnd easilly

‘A1sturked. By nressure stomlzatlon of fuel throurh small

9 mpdead anth chippestiins mechanical ensrpy 15 used ol

" scecelernto. nhe molecular shructure factlitatine the runture of

",léQO,degreeSvF 1t needsanhcsnydrogen enBEaY release for acceleratlon

the boni. Yince cemoon oK‘i ed but.ofithe solld ad ahout

‘to the oxldasion rate. < If the bond 1S brOKPn the carbon ﬁropq

out -and the:hvdrogen enerav is wasted in rapld acceleration and:

decceleration S0 tynicnl of detonation.

Tn 1936 Dr. Boerlage of Dutch Shekl pronnsed that th“

sonlyiwayior achieving comhustion was not to destroy the bond
'but‘to oxtdize the hydrocarbon molecules as a whole calling

1t hydroxylation.

DH. Dioqal was convinced that the ideal heat enﬁlne'coﬁldf
ne crﬁaned by followine the Carnot suggestion which were first
published in 1824, '

Carnot was the first one to show that the effilclency of
a steam engine was direct proportional to the temperature 4rop
netween boller and condenser. e proposed to wWork with alr
instead of steam to eliminate the holler not heine suttable

Cors hitehinr favipERabuEe - He explained that the alv should be

g v T e
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compressed helore new heat 18 added. The fuel should ve.
added in smal] particles.

el diaiama s tin i Tuatpationiof the.Carnot ¢ycle 18

\
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R .+ Isothormic ~ Ho 1ncrease in temperature.
Lioaiaahdiakatic silnerensel In'Te o heat added
FLiT [is hant conducted-away) @ ab. 2 hishest Te,
Rz ibilinnt added (comhustion) - no increase in Te. (Increase
- Hihiwtyoluma) lsothermal fexpansion..iNo further heat

e d o a b
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ne
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Expansion adiabhatic to'd to starting Te.

Chiguprocessaviontd bo 100% efficlent 1f we could expand

V2

o
- to 8bs.0 . Or -2713°¢, Hewsver, we can at hest exnect to

O
Eoubn 20 C. Fuwen expansion to thls low point is not

pessiblarainca it wonld foryall practical purneses requlire

toé grest-8n cxpensiontratbio (large engine on cpmpoundlng})
Lo ol cus e ranape bhat the naximum efficiency depends
an” haw hisgh the Te at2:ils before fhe ney g 15 added.

Dry Diesells ides vasito opply thls ecvele to a practical
tngine. walch annronimately YO‘years 1ﬂtﬁP wﬂS stil] a’challenwe.
Bdothe motor'inéuctrv. EOnmiileh 027 1802 Dr. Diesel Filed
his fi=at capplication Torba German natent.,

Dr,ablssells. second claim of ihis orpleinal patent:
D Po6RA0T, - Pab. B, 1BO2 reads:as folilows:
Meompression of Gha for combustion negesgary 4ib.....Lar
hevond the present day nractice so that the comnression temn,
15 verv much higher than the isnition temp. of the fuel. This

compression can he adiabutic, or which is of prest importance

¢c8n Tirst ne isotherme! and then adiabatic which wonld be the



opt imum of this process.”

Hig ook alatm, . "Introduction of a-spectfic ¢oloulited

pey Stroke inbo the compreased quanbl by of iy
and in svceess/ion o ta mathemadie colculated nnantity so that
cHE ARSI Lo Draoess ke s closekbo tsobhermel as v nossibla .y

s sy slatme . Mafter combustlen asclpne o oadiabaiio
arsand{snRal tha gases (uithoub éﬂwlinw\u"
PR Ead x e éLa,m...”Avotdiﬁ@ oficoolins ofs thesevilingengwa s
AnrinT combuséion 85 w11l as during nkn”nﬂiﬁn."
e paiéwé De Diesel! uiedil the oririnal Cacnot diacrum for
1LLustrn*ﬁ5:.
Oni 5Pof Tulis 1802 the patent ofificerpranohed twosrelalms
Whtens Do sl enelaaccentadaabnoshaverbatilms

Slnim twande a5 f5 1l OWSE S

Ydonliinusnraneain Mo pasi b sena] Coambust o enisdine st sinepahing
agatnllowg: s sy blirplepra the vworic e nlaton cormnresses Bl
dmsavtenbibhn Bt headn thic wav egenerated TE 1s very much
highenthan: Chasce] & Aomusiion B o bhe Sucil iused o = loor which.
Besinningiat hon deqad center the fuel is introeduced seo. sradunlly
sothat cgmhuatian dueditoathe expans fon: stroke of tbe niston and
fhmanea thig A°Tanted exonansion ofvthe Sine aoeuns withﬂuﬁi
apnraciahblednerease of vpredsure iamgl B Galwhich after ahopnline
af, the introiuction of fuel the rases continue to exnand."

Dp.2btasel fevdintent {on wae to, wee 280 em. (39900 Thy )

as comnression nressure followlne Carnot's reasoning. for high

A,

ricy namelv the hishest nossible temperoture droan.  To

tul il abthe Plestaphane of the Carndbiimrocess: he i Was rolng to

Iniect water durineg vhane 4:1 (tsothapmal cognression). “rrom

Lie sdisbhobliciebnoress il without eooline of the avligder Wil

B o e ey i Antroduction cof tels Ak ratel o anmbuE LN
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(1sorthermel) with no increase of TE but increase of volume.

el adiababic exnansion,

hetneagani-that De, Diesellsemobtoprineven onerated and today's
ooaealdied st enel cﬁmlnos do not even anonroach the so called

: “153@1 czele (combustion occurlineg with no lincrease ot PE and PR
fwithaincreage: of volume contrary toitttetevelel increase (0

TE and sPRwith no:increase in volume,' -is:that tOO‘PSﬁiCﬁl mistakes

*1.. Combustion material injected into a mass of high
Cair does not oxidize (burn) since oxidation of a hydrocarbon
15 a chemical reaction which 15 onlv vossible if a chemically

'/ sorrect mixture (stoichiometric) aporoximatelv 13:1 by weight

ot

_ 15 firsp established (see Frznklin Instytlecture, naoe 147,

Feb, 1qu2Aviven at meeting held May L, 1939} .5 High speed moving
fniéturas:tskeﬁ shroush combustion chamberi(film available) shows '
 &0 sirns*ofﬁcomhn:tinniretctlon as fuei enterﬂ'himh temperature
;éir. This nroveé that isothermal comﬁustion controlled by rate
 0$~1ntroduct1on of.fuel is impnossible, vActua11§bthe ldea‘that

'erl hesvto he pressyee atomized which was also Dr. Diesel's idea

“’a;qnd upon uhich hn qnent qovnrql vears vis alsofrqdicallv wrong.[.?

"This'however, 158 111 ﬂocontnd by. the 1nduqrrv and’ artcmpfed
?Qi Bdn nllicoamercialaso-called diesel cnglnes. §

L At‘the Orizin=1l high comoression ratlo nroponed by

13  DE. Diésel (A0:1 or 250 ATM) the alr temperature at th° end of
W com pression would exceed' the TE.of .chemical equilibrium so that
under no circumstances combustion could occur. Later Dr. Diesel
“proposed compression ratios of‘?B:l or: 90 ATM. (173301 hg ) or

B0 degress C,  (Thh7 (lemxinna F.), the thermal efficiengy should

i be 68%. Dr, Diesel qu”never able to operate an enesine success-
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fully at even rheaejlowern pressunes for above explainad reasons,

(Violent detonatinns.).  until he ahondoned the Carnot cycle

focomnletely, inullifiedibis, oun, patents and lowered his couwpression

(g

Lo annrox. 12:1 now generally railsed Lo approx. Gl

anroiu:inz an G-tn cvele injection engine.

Qe inatl v itn Dy Niesel's papers and patent apnlication
he use2d the same Adtapramn that Carnot had §kefched.1n N5 paners.x

in 6ne of his dissertations he ment;ons'that after,calculatiﬁg 
éhfindicanor cérd‘for By enqine.thatkthévcharahferiStic‘was So i‘”J
completely Aifferent, from Carnot‘s‘assumntion. The calculated‘@_{
card.aq_aﬁt;ﬁ*ed shows that for aooroximately 90% cafiithe

effective prassure stroke there 1s verny Tittle differencein

' the pressure rise for A:1 to 18:1 comoression ratlo. The
'+ maximum rise occurs on the last 10% of the stroke. On the last '

- 10%, how=ver, the rise for 16:1 }s aoproximately 600:1bse :

while for W:1 it 1is 1500 1bs. The rapid rate orwcompression_”'W:

‘of the mixture of air and liquid hydrocarbon particles is notTt 

a function of rotative sneed of the ensine but of the raoidly

chaneing pressure characterisitic of compression ratlos above . o

0
The rate of enesrgy release (acceleration) in a hydro-
carbon oxyeen reaction devends:

1o on the energy supvnlisd to the mixture to

2 at that point the rate increase depends on

how much of the gusplus enz2rgy is consumed to accelerate; the

non-purticltoatineg masses,
t
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There are viarious means of supnlying enerey to a chemical
pesction. OQne s o Approach theamixture with a.molecular
structure nt a higher rate which can either be electrical
diseharpgesorcanothenehenlcal .reactionswhiech 1s insa high state
g R1kh ‘acoelenation.,

Another wav of causing molecular acceieration‘is to
reduce tha distance of travel (pressure) or vice versa the

ratos canebae veducedahy increasineithe. diskance, W¢A hydrocarbon

oreaction nlrendy in tha staece of combustion can be stonned -

1€ the Alstance 1s increased at a rate greater than the

chemical energy released. Vice versa, if the distance is

reduced at a ereater rate than the reaction can follow the

ensreyv. release do petarded and i fthts proeess 1s cont inued

s L0t nodnt cwnergathesrate 1s equal to the chemienl equilibrium

ngeenerpy.can he released until the distance 1s . increased

to the noint where the energy release 1s effective,

At: this noint 1t should be mentioned that there is no

informivion <svailable as to what actually occurs at the voint

of~hirhest nressure,  Phere. seems to be tuwo opinions:

1. That. the chemical reaction does not occur until

the precssure 1s dronned,

2. that the chemlcal reasction is fullv comnleted
and stopediuntileitefoseffective,
I

niicator cards taken of this process show the following

charaecheristic:
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Tyirher one of the two above mentioned processen would elve

Eheiaomeiiindl catorocard.,

[Ta0)

fne now nrocens vhich we have developed for all practical

. purposes conforms 8s close a5 1s oractically pessibles todthe
Capnot cvqle. Usine the same oriesinal diaeram 2s uzed by Carnot
anAEDe D&esei 1t operntes.ﬂn follows:

A

Adeylinder anl niston whidch-ou.thesnideg exnosed to

cambishkdsn and i compraas)on, TE afe,coated withavery thinvmaterial
'-.(.OQ}") of V?rv sad heat CWnﬂuctivtty‘and (Alum. oxide hgrd ‘ »
cnaﬂfnq)'hnckéd uo, hownver,‘wiﬁh n very qood d6nductor (Alumiﬁuh)
Cta aveid hest nncumulﬂrinn.' Injectine of a combustible matérial»
An 1opea dronlets avoldineg atomization (injection mrennuro'anﬁrox.
Lbs s i hwtrdﬁ.ﬁf stookesnfiter olo“inn'of the exhaust nortﬁ
b)) ‘Anproaching Ysotharmal compression un to ﬂl (90% of the
gtraka or 259 1bs annrox.) jComnressﬁnqvair mived with liquid
"_ﬁvdrecqrhon Aronless nt'rq511 rété_comnressiﬂn ratidv3u:1, maximum ~r
nressufc 1790'153., 1700 deperees. F anprox.) which 1s'éroqe to"
':Phhmibﬂl‘nwui thrium (CO to CO2 reaction cannot occur at annroy.
00 Asrrees. P,) into insulatei chamber so that even \f combustion
15 comnleted energy release. can only °tart after ni ton moves:  ’“
aver ieaﬂ genters dvonﬁinp temnnrature 1nto a range where the
stored anergy due to tha chemical reaction can be utilized.
Thus h2at release depends on increased Qolume enlyi to i3,
{isothermal) after which rases expand adiabatic to #h .
i Compression ratio mirht varv with engine design and size
since process denends on TE at too dead center. 34:1 was
determinad experimentally on 3-1/2 X 2-1/2” enegine. To nrove

Nhove nnalysta <umnxm':}un ratio woa ratsed eraduslly to H473:1

st-hich TE mo combuntton could occur since TE was too higegh

\

for. the DLoeess
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' which made Cob. Lindberg's fllfht possible was the. only one " .-

to recopnize the imvortance of the new approach.

Pace. 10

The material nresented at the Franklin Institute lecture,

which wes the culmination of six years of concentrated resenrch

- work proved among other things that debonation was caused by:

l..: .vaporization of the.fuel etithep by mechanical

means or

2.5 vaporization due to the fuel being exposed to
nich temperatures (loneg duration).

Mr. Charles: lLawrance, 1nvenror of the Whlrlwind enmlnc,

Mr. Lawrance had set out to duplicate his BSUCCESS with

'’ the Whirlwind engine by developing a radial dlesel aircraft

R engine. At the time the author met Mr. Lawrance after,the

Fwanklin Insftitute 1ncture Mr. Lawrance had bullt and teoted

o an 71? cnolwd overhead valve two troke engine, a water oooled

~eneina of the same desion, 8 sleeve valve ggmine in conbultatlon

gith ¥Mr. Ricardo and a single loop scavenging engine with

exhaust control vermitting 100% supercharging. All these

enzines were comnlete fallures due to violent detonation.

After annlylnp rhe author's method of 1n]pctlon as : 

Aeseribed in patent f#2,244,874 and us 1nﬁ the 1nject10n valveq»f“*7*

ﬁatent #2,250,%k4 excellent performance resulted completely;

free of detonation as documented by the attached indicator
cards D-104 and D-105 dated 2/22/473. ’

Tne injection system produced a soray without atomizatlon

at all speeds ond loads. At all loads and speeds the duration . -

was 8.to 10 degrees. crank angle{ Ror best performance injection
- _
started ot 38 B.T.C. The valve had B holes of .8 um dia,

and an orifice lengtn of 3.5 mm. Maximum injection ppessure‘
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Of: 12004 at voint 'of fmpact.and a line lenpth of 21" with an

inaide diameter of 3 mm.

Tih

O

se cards Already show the way for the new.cycle since

injection. occcured and was completed when the cylinder: pressure

was only 100# and energy release didn't manifest itself until

o)
Youi belfeore T.C. (gee sard D104 ),
LIt took snothersseven .vears of.reseapeh and development

of a new injection system and fuel valves which produced

aporoximstely the same sprav characteristics but at a injection '

8
1]

pressure of only 2004 per square ¥nch instead of 1200# ner

sguare lnch. . Bhts new injection system ds capgble iof-maln-
teinineg. the same characteristlie up bto 12,000 injections per

b

ninute,

4

‘3ol

L

- Hvdroxylation or oxidation of hydrocarbon without cracking v'

is the only way to achieve clean combustion without detonation.fj

1. You can not inject hydfiocarbon intao compressed alr
snd by so daing initinte hydroxylation without cracking.
2 You cAn not ¢ mtrol hydrocarbon oxldation and

energy release by rate.of injection (diesel},

3. You can cause hvdroxylation and avoid cracking by .

introducing larege liquid hyvdrocarbon particles into air'withth'l
vaporization at atmosvheric pressure prior to compressing the -
mixture,

i, (ou ¢enn compress this mixture without eneresy release
to 1ts chemical equilibrium (34:1 apnrox.)

9 You can control energy release by rate of expansion

Wwnhnich in a recinrocating becomes automatic.



