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" .'mg 900, which is & polyuerisete o nee the M _‘
up -4nto emaller moleeules on neating, Here we got complete decomposition to gas=

gous isobutylene, which boile &i €0, ‘resembling to @ certsin oxtent the femiliar-

fuel ges.  Thia 15 casily demonstrated by heoting TZ 900 .in 2 rotort over a bun=

‘een fleme, whep it chenges complebely. into ges or et;_léaat"izj_tb veporiged Di--or

tri-iso~butylene. 7 : B B o
" In dur firet attempte to use T4 900, which 1o sate ogoinst shooting up, 8
angive fuel, it was our purpose %o sxploit this proporty, thet is, to supply the

"engine wiph_a._wopgl}antproducad in the engine Abwelf by ‘iaking use of the ezhaus -

- heat,

_The plan »faqn‘iréd»}that the‘bolwmarisaté potually was-brdkén'dm.j ,m%.o’. @#." .

(Figs 1= "Strub“aurafof T2 00, :v"snd'_,li‘t's‘ad(ﬁﬁoﬂpéﬂitidﬁ 'pz',vodue'f,@}

of facbutyleno, hoe the propavty of bresking -

i

_ Flg. 1 shows the structure of isobujylene snd its polymers, which ope must. consider

" gn isobutylens melacnlea linked ‘togather 1n a c¢hain. Actnally, conditions are

far from boing as simppé es this, pinca for di-iso-butylene ithere are two, end for: '

~ tri-iso-butylene setually pine different possible forms of molaecule; shile nothin
exact- is knowmn obout the structure of the molecules of higher polymerse o

. To render the ‘viagous T2 600 serviceable for use ag en engine fuel,tts long -
-mplacule must be split up. The property vhich thie fuel poasessecs of being oon*

verted sompletely into ges 18 8 gpecial e¢sse in tho chemistry of hydro-cerbons; -

16 proof egeinst shooting-up. = All the pther known fuels of equel viecosity yleld,

coke or other aubstences poor in bydrogen whan they aro heated. These subataneces,

i thoy get into the engive, impsir lubrication, . On the other heod T2 1n ifa '
‘144qutd form hae slesys the propertiss of a lubricent, o that ubdecomposed fuel

. een mix with the lubricating oil without “oonoing demage.

., The tests showad, hovever, thet 1% ;héé‘;‘i‘mpﬁa‘a'tﬁlé %o aohiev@;&ﬁhzbmté- decom~
position domn %0 gas by ‘thevmal decomposdition elome. Thie i8 topasoiblo. in just

the. geme way o6 1t is- impossibdle to daiioliéh e hoiiee in such a way. that the ruins
capsist -entirely of sfugle bricks. “iIn ‘adaition to ges, there wera conaideredls -
. volumes of gesoline~like ‘subatences, ond thége, together with small volumes of ..
substanges with still higher voiling points, <ould not be used ag fuol.. Fig. &
shows that dacamposition is moro thorough the; higher the ,¢emporatura, dtut that at
temperatures above 500° fluid sudbstences still occur elong with ges.

—“(5'180 g -Daeompoalt!.on of T2 500}

.- o achieve the moat complete bresk-dovn ‘possibie, evan at 16v;¢h;t§xnparatﬁiﬁe'a.

. wo hed to upe catslysts, such as Fuller's earth, ond oley. Ve also mwade tests .

_with.1iquid fusls, . The aifeicnities- enconntered bore were grest. - Catalytic

| fioiently exactly. If the temporature 16 too low, the pores of the catsalyes ‘
" Yegoma stopped up.  If the temperature becams oo high, decoirposition did not end
with i{sobutylens, tha gas decomposing further to form goot and hydrogen. Ve also

proseeses are tied to cartain tomperoture ramges, which eannot be mointoined euf=

- had 4ifficulty in separating ‘the ges fyom the undecomposed substange, with the
result that e frothy mixture dot into the engins.  Algo, the enclosing of. the

gos made 1t d1fficult to. heat. -This lest point was very-inportent at the time, -

.'as the uae of tubes with narrow crogs-seotions, which would have brought. sbout en

improvement, ®es mpoasible“‘beoause“tbe.c‘atalygt hed to be intorchangeadle. -

i“lgq‘s:thwa how the TZ is 6el_ivéra"dv ’throug’h‘ sm}nnp to the de:c'ompouef,l which .

‘prid 1s the one possidle wmenhis Of running & sperk~igeition engine on 8 fuel which



is ruled with the &axyst and heaeed Dy exhaus‘e gaao . Ai‘ter this tha‘ liqusd aum- |
‘ponents were. separated, end the hot gas. eheb under pteaam'e., waa allowaﬂ to expand
'and zmpplied to the eny.ne. ’ R AN

o {Fig. B » - Inatallation ror dectmpoaing TZ 900 by maans of catalyata .
, ‘I'he 1‘2 900 ia eu‘pplied in e catalyst conteiper: hested by the azhauat gases,
; ‘ ~‘ and the gae aeuvm'ea to the emgine) e T s ,;,;;

luet defect or the deﬁce in nse wag the siza and conaequcmt clumameaa
of the equipmnt. The maximum loed wee such that fuel could be supplied-only: ab,
‘the rate of ten timaa ‘the_volume of the-catelyst por hour. ~The regult wes that

the dimensions were lerge, ond thet the docomposer responded aluggishily. to’ al‘aer-
ations in loed. Ve were compelled to run the whole inatellation under preosure’

in order to store up & supply of ges,  In spite of this, 1% remained very awkuard’ '

to monege, and olsd somewhet derngereds, owing to the considerable volumas of liquid
end of highly hested gee, which was under @ pressure of about 10 %, : Fig. 4 shows

en inotalletion for running Lvehiele on 'rz 900 ahich wan wormabla tmder aimple
mditzcna.

v Wa therefore procoedoa to deccmpoee the TZ mel a8 tar 8. poeaible. end to o
: injeo% 1% in e hot conditton, - For thia purpose the nozzlo ftself wes conatrusted

‘e a hoater, end was instelled in cuch a way that 4¢ eould be hosted by the omheunss

.- goses {Pig. 5?. Yo elso tricd installing coils of pipes directly efter ths ex+

~haust velve, Thoae godils led to spertures in the welve ‘seating, through which tho

--heated T2 1esued. - It was olsoc intended to meke use of the high-tempergtures of the
oxbaust velve seating 1n f.ho pre-heaeing procesa.,. szmnar teats !mva alno been
nads hya'unkera., R _ o o , -

‘ Au theae teats broke aown awing to the maaequate natnre of the equipmon?.,

- aleo 1largely bechuse the sparking plugs were "oilsd~up" in the femilier wey by -
-fndecomposed fuel, send so miofired. These facts chowed that snothor ignition -
progess is raquirea tér aareey ruola. ond this gave riae “to-the develapment of t!xe
'-,R!ng prooass. o v e

(Fzg, 4 # Arrangmnt for catalytic deeompositian in a moto;- vehicle) i

St (rig. 8 = Hot infostion of eafety fual -
'rz 900 'é‘aa dacomposeé fne nozzle hested by the exhaust @cmets° end injocedd)

Aﬂqr ‘s, had besn more or less 3és£1ed last yeer we agein un&amok ,teste :

: vﬁh P2on the; Ring' progese, At the gome. tido we 4id eway with bot mjecﬂioa, ond
re~godled the mors or lase thermelly ddeompeséd prodiiet ‘before injecticn. ' In this
voy, we imda it possidle to instsl & centml decomposer for e m@in ang!.ne bﬁ the -
‘lines lai& down by - Mﬂoklich. ' _ ; ,

(Fig. ¢ - 'Arrangement for tbe decompdaing tosts - S ‘
‘I’he emgina dpereted on gaeoune. and served merely és @ heat eouz«ce rox- the :
o aacompoaer) R S, e

L

F:g. ¢ ahows one or the" earueat test instanationao " The engine. a D'B'BOOJ’., 2

cperated on gasoline, end the correeponding Arolume or TZ 900 was pessed through

the: daeompeaer and collected in & cooler. The engine theroforo acted cnly es e

_ heat eource for the decomposer. . The fuel, ‘pre=heated #lightly snd slso filtered.
tn e tenk pump, psssed o ana;mtamediata punp, end thene %he actual’ injeation

pump, - This delivered it, not to the engine, but to 8 eecond ccolar, to which a

. gas metar wen etteched. . To protect the imjection pump egainat exceaeivo preasuras,

" a nydareulic control device was provided which discomnested. che aelivery pwmp when-

‘ over the pmeaure nt the injeetibn pump. ecxceeaea 15 8t ,

" ,?or deoomp‘&aara ne used finnea heatera as developad by TAL (Holfeldar}, two ot
‘ them being arranged one behind . the othar if they proved to be $0o emall (Fig. 7)° -
‘The pro-heatare wers tube cona mae of ordinary injaotion tubing. ’ .

/



‘A8 'a ﬂnned heater with ‘a 1cngtb or tubing o!' 1.8 Ty wea inaufficiént to coune )

a pronounced degrec. of decomposition, - pre-honting coil' of 3 mg lengtl; 25 con~
nocted, . Fig, 8 shows thet’ -ith this errongoment up to .aoﬂ of the‘substences ob+

" teined volled at loas thon 200°, ond consisted of vo. toZof gos.  Bettor resulte
-waro ottaimed with two finned heaters, vobter obill. with ‘s decompoaar. conaisting or_;,_ :
‘o eail of tubes 3 m. long..  The.best resulta of all wero obtained with a pre~hoat- -
“ihg ¢bil of 3'm, 2nd a docomposing: coi,l of ¢'m, This nrvsngan‘gg{: L wade ‘it poasidble
““to, eonvert pesrly  all the materiel into geeolino-like substences,. At.the sema
tim the decomponer cobld easily beecme choked up t begause 1aobutylene, vhioh foyns
- in large quantities, dstomposed into adol ~and dydrogen en coming into contocs. w!th Lo
- 'the hot walls,. -This occurref capeciany vhan - the enging was auddenly stopped: < '
‘with the debompoaer hot, and tlic reveining conteuee ware subjected to a: tempmmimre
“of 6009, Dacomposuion occurraa best at an excess eir rotio of 1:1, at which the.
extieuet gos temperature.ond the TZ.volums ere ovidently in ths optimum relatiomship = .
to each other. Thase tasts sef.tled the queation or the beat sizo for tho dncompoaeruv

R © (Fig, 7 - Heating fins, typo TeAcL. . s :
’I’he aafety 'fuel ie conaucted through o double coil, which 1a enc).aaaa
. . by o finnod sheath} ' : -

S e

(Fig. 8 - Decmposition oi’ TZ €00 in dxfreront inatanatiune . .
3 Tl pre—heatera and 3 m daccmpoaeru ars mquireﬂ to bring abcut. sutiafectow ,-
T decompoa;ti on ) .

J

‘eugino waa only el;ghtly_.,altared ‘by matsn.ing the dacomposer in tne exheust mani- |
S fodd. e : .

S In addition to thess testa, wa ai80 1nvestigateﬁ tho Imock rating of the de-
- ccmposition produets.  In goneral, olafinee Mave 5 °govd knock rating, vhioh ¢on be:

9t4l} further reised by bramehing. - But s charactoristi¢ of the uncaturated ones

"~ 48 their high temporstire sensitivity end omall lend susceptidility, The boost. .
1imit. curves of Fig., © bhov thdt 4n the cese of Di~iscbutylono there wes nevertho-
leas 8 oertein lead éfPest, ‘The best tmtiknock values wore reached with. isobubyl-
ene, 50 wo should attompt to make dbecmpositiotn oy cowmplote as pooatble. S Y

. againnt thin, of conrna, thore is greater: danger of ookinso, - L

; Fcr mrther engine tgeta wo uosd Bt firat an oxparimantal inocalla'cion og 1n
¥ig. 10, vhich permitted bebter chagrvation:of the procose, The ohiof featurs of
the. ama@mnt vas & mixing chamber, in which the decomposed subetonca mized with

. the tatrn. ethyl laaa. while—at the aame Mna the gau wns saparatea out x‘rdm ths .
_pump o:tmuzz, D SRR RT

U tBis), 10 - Decompoaer for opera\‘:ing an epglne on TZ 900
- ‘This complidnted installetion wes mofaly for the purpose of obsérving
the liquefsction of tho gos wdar. pmaaui'e. or- 1ta output in the co
: liquid components) ’ ;

A water-cooung system nas aleo provmea for che aecampoaer. to avoia eokmg-up ‘
of the cofls 'on sudden stepping of the engine, -The instelletion s emeeding}.y :
eompliceted and is térely reproduced ag sn ‘exomple of tho Qiffieulitos encouniored

in these teats. The decomposer wge.en errengexent kmown es a opiral tubs decom=
. poser, ehown' in Fig. 11,  .The TZ fuel was led through t¥io spiral tubos connected
in series. Tho squipment was fittod up regardless of weight, ond-the pospidility
exists % cutting this weight down to o fraction. . With thesa Getdmpasers, the . .
'~ @ogrec. Of decomposition shomm in Fig. 12 wos reachad. Tha length of the .flow path
‘wed 1, the cross-section was 8 w2, ds’ orsller crogsvssations- Proved teo sense
1tive -to ccking. Tho times apent in thd apparatus wera botwean 17 and '3Q seos,,
‘acovording to the rate of delivery recuired, the cpeed of flow w08 betwoen 0.4 and
' o?&z/aac. - 1t then appearad that ot 5000 most of the aubatenoea profiuced botled .
gt 4109, that is, thoy moatly conoisted of {aobutylerie.  Tho remainder mostly bo.'d.‘
up to 2000 the resifue, which are bigher boiling, Yeing. conparatively small in -
- quantity, Anelysis-—of the gases formed gevo, (Fig. 131, spert from jaobutylene,
SRl qaﬂut* 5ies- of other olefznea, such as butylene and propyleno. Ag olways on
l



.:‘, '4"""?'
.aeeompoaition, met’nane oecurrod, form!ng. together with butane 10 to 20% ot the gao.;j
‘Thepe two paraffins, 8s is well known, have & very bigh: fmock. z-atine. A% bimr ‘
itempemthrso ‘hydrogen also: ‘oeourrad, an mﬂicatlon that tho EQQAVBB deeomposaa. g
*wlth eozisequant separating out of- carbon. ?j‘ R e o S

' The ebove aaacribed teat instauation poaseoeeé many advantagea. tmt was very
oompncnted to_hendle, and we evolved & simpler ley-out, ‘wbich was more or lesas nkew_;
the first test inptalletion (Fig. 8). 1t elso appearsil to te ‘sufficient 1f the
“injection pump wea set to- run dau'rery, end the del.:lve:y punp only wes ad:uatea to
.the required ‘volume., - The prassure in: the. decamposer w8 adjusted: to sush -] t!.gure
. thet the ges remained in solution in the cooled producth of deoomposiuon. T Duom*
position could be controlled by a slmtter in the exhnuat pipe. " T I e T
'Eha results obteined nith an engina operating on -rz were. 1t not complotoly
- aausfectory, at loast sdequats. . The highest power, 8s Fig. 14 shows, was only -
glightly less then when operating on gasoline. conamtion ‘18 socordingly still
bigher. < The volume ‘of .R-fuel-injected vas '308m, 3, . - Unfortunately’ the tempomture L
‘of the d'ecampnser was nos nsasured with complete aocuracr, g0 that 1t 18 not poaaiblo
to avy to what extent decompoaition $ook place. ' The fell in exhonet temparaturo Ve
‘before ond ofter the aecomposor wap: batween 60 and 100°. B0 thot ve my aamzme eon= ’
aidorable he&t nbsorptiun by the deeomposer. i , SR ‘
e wul contlnue these teata, spd. ottompt, 'by obteming more: aoouratw «masure- :
- ments o, provide ranable dste for the dimsnetone of the heat exchengers. A.lthou@x
we are ewero:thed we have & long way to go before all quastions are ammered, we
are gtil} of the’ opinian that this uork on wafety fnel nhonld be- carmsLsteaauy
romrde : . e S

CLe : (ms, 11 - smm tube deoomposer R L
‘I'o accmﬁato gmat lengtho or tobing, _two tomor nindings wez:e pmidod)

(B’ig. 12 = Thermal decompoaitian of 2 900 e
: At 600° 1t waa possible to achieve slmoat complete. deaompoaition of 'l‘z ooo
_ . 1nto ges ar gasoline-uke anbatonceo) o v

(Fls° 13 compoaition of-the gne obtained by aeuompoaitim S
‘.me gaa ‘consists chioﬂy of iscbusylene, siso of paraffins, such as butens
and msthnneo 'I‘he preeenoe of hydrogen pointe to decompoeition ot :
: : e oo the gaa} S

(Fig. 14 Power end oonaumptxon of 'x'z 900 compared to gaeolino
The engine when opemted on TZ 900 achieved almost the power of gaaolino.
The decomposer absorbed 8 graat quantity of haat)
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