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' • . . .

In the red procad ng en ne, s ng asol ne el and spark ignition, it has been
onnd t at certai types of hydro ar ons are particularly desirable components of

t e f el. As sho n in he deta led t ble the Appendia of th s repo t, ese are t6e
i o- 'c and the a o dc Accordi 1 etroleu re ni r e apara m pes. g y, p g p oc sses h ve
been developed for pr d ci g a o es ontai ng the desi ble p opordons of these
hyd ocarbons. T o eza plea are the man fae re of i o ct ne by combinin isobu-
t with bntene aad ma s t e of tolue e by strippi g hyd gen atoms rom
t e naturall y occ rr g e ole -hyd ocarbon, met yl cy ohe a .

The prin ipal r n f r t e de r bili ty of ese hyd ocarbon t pe is their res s- ,ta e to nock in ea s. K o s the it g prope ty at present in the develop-
ment of more effi cient p o dug e gi e . It is the res lt of an imely e plosion
o t e comb st ble re. Apa t f 'the choice of spec fi ca y resistant 6ydroca -
bons, no be m i d by ool g the en ine or b i g a ven el less

id ently, as by the o er than ld al f e -a r rat o for take-off po er.
For the ombu doa rb e aad jet:prop lsion, knoc is not a li idng fa or,I b t t ere are o er l p pe des h ch need par i lar conside ation from e

, e point of pra ce. e. a cons der t on is whet er the a heat content
' shoo d be at ained i a ven weight of el, f om the viewpoint of s plsne load, or

in a gi en vol me, om.
he iewpoin of ing desi and fuel-tank capacit . A other

o de don is ez hs ar ; s ce the uel ay be chosen ei her to be so o ti
s s tv eep the vapo s ace a ys a o e t e upper in ammabil ty r, o t be so
non olatile as to keep t e por spa e belo the lower infl a ab i ' 't. Ag in,
t e ol t ty ho ld aot be o e t as to se e cessive vapor tion loss from fuel
anks s h sldt de. T ea snd o h p acdca items which s o d e the subje t

_ of rther research a e l l ted a the e d of this repor .

,cvssro -'

. AYAI A E E GY

Petrole m has t a ès h a e t the most rscdca so rce of ener' p y
fo oti e po er. T esO e i s li d form and its high h at of mbns oa. Motive

' po for s i ft s ob iaed, of coor e, b ezpans on of air which is heated b f el
.o b s on.

T e de . riet of l d hyd o rbons preseat in pe ole er i s a choice
to be made o t t t e la l ty s d scos ty of the l q d fuel ca be accu .tely
o tro ed. Thi ont makea he l qo d ide lly s ted for ei her inter ittent or

, cont ooa feediag at tr 1ab1e tes.
- As a prac ic l oml asdble, pet l n is i a l ss by itself a d, on the basis of

he t co tents or B pet po nd, i s ez e ed o ly by hydrogen. The lat er, however,
. s at a d sad aa ag i espe t to i co ta ner req ement , due to ita bein a s

and having lo densi . T e poasib itiea of hydro en as a el for spec al p rposes

- 10 •
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'

i
-' Noth ng co ld be of great t oncern to the petrole m industr t an t e a ount

of he ese e of it a ste la . Fac g the rea ties of ar, of at e transporc and
of new, b oad e of p le , it s well to ezam ne t re prospe s.

i
N o on c o s ho mn pe r leu li es undiscovered ia the e tth, or where

nd when sad 6ow s t l be d o e ed. the statemen , esdma s, aad statis- ;
d s whi h have bee b is ed de o y with oil already d scovered. N otwithstand-
ing all t e ar able s t ce n e ods to a d in locatin o l, no one yet te '
sa g en ap g eer a :wl et er or where oil ez sts n l t is actu y
P oda ed.

Wit th s as a ba o n , on ma interp e estim tes and stat stics either opd• '
t ca y or pes mis l , s s c oses.

= The pessi istic sllo s onl i yea s, lt ough this assum s that, sudde ly,
d aco er of ne o l ces e ent ely, an ikely sss pt o . Opti ists be• ;

, ' ie e that the rese e , c e ed esson ble new discovery rates aa ime gce s on,
w be adequate or a ons to .come. For th disc ion, howe er, let it be as•

' ed that the ess m s are g nd that the domestic oil supply is in seri ous
da er of r pid depl ion.

To date, o er 0 o t e tot orl prodn on of petrolenm has ome rom the
' U.S. . Por yea s the b l of t e w ld's nowa peu oleum reso ces ere in the
' U ited States. Thia is no loa er tt e; c own eser es else here n e world, even
; a ter far less inteos ve plora ion t s here, ezceed onr o . Yet U.S. per capi a

s mpt oa p trol far e eed at of any other natioa. It see s ine table,
ere o , ths the U.. 1cont n e to port oil, a in the ast.
• Gradual cr ase o o imports eed not e the do estic industry adversely.

e ez cess o de a o s ppl cre tes vorable price level , in eased con-
. er on of domesdc codes o igher ne p du t , suc as so e, bur ing oils,
d il ate ael , ol en s cd l b , w ll be possible at the ez en e of produ ts •

; • s s induau is a d : n er f l oil , whic are lar ely comp dti ve wit oal.
! T e re l ng s o g e hes y qn d fne s could be met t o mme ate wa s
i
. eon r on to coal by y lat g power nerat n p ts nd b t l z ng lo -'' tde foreign r de ot oee m i e s : i dustri l uses where li quid el are essen- ?

a He y uels ons t early 1 the prese t eld o domesti c des. .
N at rall y, the s e ' ort t il tary and poli ti al reasons why t e U.S. sho ld

o b depende t on g o . e g sapp es of crude are not e aus ble.
.

U matel , it l be n s at o l k e e here than to crade pet ole for a sapply
of l quid el . ,

.
,

Fo to ately, p s o y o e of se eral forms which nata e has stored
a al ost ne ans bl o hyd o rbons within the boundaries of this countr .
B r ed n erica e s se o e o es of ca bon and h d ogen in an al-

• mo t ' 'te set es o st o s o ng om ant ac te coa s, e bituminou

, ' oa , c el coa s, l s, o l s es snd nat ral ga . To be s re, pe leu i by 1
• f r t e most nsef fo o the e h d ocarbon . n a -impo tant a t i that al ost

,-
' ' a y o e other hyd o cbon e on e n be onverted in o co e e t li quid for .

• 14

.
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be co nsidered. Coal an be hea ed at lo w tem per ture to distill o ff a substantial yi eld
of tar, w hich can be hy ro g enated to pro duce g aso li ne. il e the yield o f g aso line
per to n o f co al w o uld not be as g reat, a substancial am o unt o f coke i s reco vered as a
b -pro duct, and it is no t to o di cult to imag ine co nversio n o f this coke to w ater-

as and usin thi s to e tend the snpply o f na ural g as being di stributed thro ug h the
expected netwo rk o f gas pipe li nes co vering the co un ry. Ia e ec , t i s w o uld achieve
co mplete utilizatio n o f co a1. T he co sts by this pro cess now appear co m etitive w ith
the co m plete lique a t o n pro cesses:

FUNDAMENTA OF COMBUSTION

a. H a i Vo w .
In the section on "Avail ble Ener " a few ty pical values were tabulated to illus-

trate the fa t that petrole hydrocarbons have higher heats of combnstion t an any
other fuel excep hydro e . A more complete tabulation of the eats of co bustion
of hydrocarbons is presented erewith in Tables I and II. These tables are compiled
f om the most recen alues reported by the N atioaal Bureaa of Standards.

T e fi rst g eneralizat io to be deduced from T able I i s that he heating value
per po und o f paraffi c hydro arbo ns decreases as the density increas es and as the
m o lecular size o r the bo ili n po iat increases. On the o ther hand

,
fo r aro at c hydro -

a bo ns in T able II the rend is p tly reversed, in that the 6 eating value per pound
i cre ses slig htly w ith increasing m o le ar w eight, at l east fo r mo no c cli c aro m a-
ti . N aphthenic hyd o arbo ns sho w very li t e variatio n in heating value, averag-
ing abo ut 18,7 50 net BT U per po und.

These three types of hydrocarbons consti ute t e principal components of pe ro-
leum. Consequently, t e treads for petroleu distillates are t e resultaats of those
jast dis ussed. For instance, Fig. 1 illu trates for two constant values of net BTU
per ou d, how the dea it es of petroleum distillates may be expec ed to vary wit
their aver ge boili ng points. he den ities are plott ed in terms of degrees API, which
is the density sc le com erciall used in the petroleu i dustr . The relationship be-
twe n degrees API and pecif c g vit at 60°F. is as fo llows:

Sp. Gr. at 60°F/ 60°F = 14 1.5/ (131.S °API)

o at the API ravit of water 6 °F is 10°API.
In view o f the fo reg o ing o bse vat o ns, it fo ll o w s that, fo r a given type o f petro-

l eum dis ill ate w ith lo sely co ntroll ed volatili ty chara teristi cs, as , fo r example,
aviatio n gaso li ne o f Gr de 10 0/ 130 , t e net heating value per po und is a reas o nably
pre ise functio n of the density. Fig e 2 sho w s thi s averag e fu ct o n as determined
e piri ally at the so Labo ato ries by a tu l m easurements o n a larg e num ber o f
aviatio n g aso line a ple T o indicate the relative eff e o f chang es in the averag e
bo ili a g po int, a simil r fu io n i sho w n in Fig . 2 fo r safety fuel , w hich is an aviatio n
g a o li ne havia g a re ati vely hig h averag e bo ili ng po int o f abo ut 33 2 F s c mpared
w i t abo ut 2 12 °F fo r G de 10 0/ 130.

This 5gure i di ates that the gener l relationship is as follows, between values `
of 212° and 332°F for the average boili ng point: Net B U/ !b at Constant Pressure,Q p = 44.7 (°API) - - 15.894 - - 4 .25 (average boili ng point 212 F) .

0
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In view of hig h-temperatur all oys w hich have been developed during the w ar it
is very pro bable t at the co bustio n g as t rbine will becom e o ne of the chief so urces
of po stw ar po er.

T e je -p o pul sio n p e and t e exhaust•gas turbo supercharg er
are very o o d evidence t at such materials exi st and that w e may co a sider t e higher
temperatu ce rao g es o f t e abo ve •tabu ations..

H o w ever, o ne o f the fa to rs whic must be co nsidered is t e co mbus o n step.
Bo th o f he abo ve tables assumed 10 0 co m bnstio n effi ci ency and t e thermal e i-
c encies w o uld , o f co se, be reduced p opo rtionally fo r aay lo w er co m bustio n e -

ien . It m ust also be e be ed t at no t o ly are high co nversio ns o f fuel ea er y
to eat needed, but that the rea to r itself must be kept small in si e a d w eight. T his
is partic larly i po tant w lien the co m bust o a gas-turbine plant is to be used to po w er

ra t.
he so u dest appro a to i p oved desi n o f co mbustio n reacto rs and hig her

co m bustio n e c encies w o uld appe r to be t rou h a study o f the funda entals o f

co m bustio . In o rder to do thi s w it t e g reatest expedien y a brief literature survey
as been m ade w hich e p asizes t e variables to be considered and experimental

tec6 iqnes w hich ha e been used.

c. Da a o Ca nb io Pro ess .
( 1) GENERAL. The early workers on combustion processes were severely

6andicapped siace modern equipment (spe t o r phs, etc.) was not available, and
the were forced to work with slow combu t on so that chemi l sampli ng of the
i ter ediate react on products wo ld ave ma i u valid ty. I a high temperature,
and consequentl ast, rea tion, it as impossible to take and cool a sa ple quickly
enou h to freeze the rea t on in the status quo. Therefore, their work was limited to
cool or slow combustion and to dedu t ons made from rather superfi cial observatio s
of t e faster reac io s.

However, du ng t e de ade from 1920 to 19 30 two fa ors combined to spur
and

.
facilitate research on o dati on processes. First, methods were developed whic

enabled the scientist a tu y to look into a fl ame front and detect the changes which
were taking place the e. Second, increased impo ance of fuel q a it and performance
in automobile, airplane a d diesel en ines forced industr al research to investigate
these phenomena. us, the more recent research work may be di ided roughly iato
two part s, that done en nes and t at work not dire ly conae ed with engines.
When this is done and the eff e ts of the arious variables are compared according to
the 6nd ngs of t ese t o groups some very interestiag discrepancies are found.

(2) COMPARISON OF NGIN E AN D FL ME DATA. In both cases, the
n ual criterion of combos ion rate w s ame speed. Those people w o investigated

' combus ion in en ines measured total fl a e speed, t at is the actual speed of t e 8a e
relative to the gases plus the speed of the gases, w ile the o her investi ators measured
the more f nda ental p ope y or actua! ame speed. Bearing this in mind, the eff ects
of arious variables on fl ame speed were fo d to be as follows:

(a) Increa g Raac On Te n era e. In en ines, total ame speed went down
(Ref. 12), while the noneng ne data indic ted aa increase ia ac ual e speed. Two
snggested reasons for t is deviatioa are the increase of inert diluents in an engine

a

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

,
.

.
: (3) EOR , M CHA11I MS OP COMBUST ION . Co a derable coa -

' t o cs e sts t s e t to t e me a s of combustion. e most pouptar

_
' - p n r eactions by format on of hydro yls or
, de: and ha e . rar t n $ e on Ref. 36) , Nor ish Ref. 86) , Bone ande d

, , .:- G dner (Re£ 10 , de 12 ) and voa Elbe a d Le s Ref. 134) e
ont bu ed r s. yd (Re£ Si ) d sc s es e e eories brie y

-
_ _

a d ms es te ' , desp ite t e evidence n t f vor , they a
. -' re the CH sa d ? . ?d e st ongest fo nd i $ m spect .

• I co nec on i ' t t e e en of conversio of e eomb tioa
- ener of f el n o ._ : y m st be pointed o t t t:

t e re proc t ng
. ,- -e 6s o e ei icien . It is true t at for racticae cy p

. t o s, pr t s i ,•fael anti c oc q ality d constr ct on ,
ma er s res r he ` s that an be r ea zed; b t he comb tion

; _ _ e a so s t over ome. T e is l ely to be, the efore,
' compet d on ° s g e s me mo ers for air a powe , as a result of

• h c ontest more t c p n e are a mos certa n to be developed.
-• e 4 d ates a be op d s ong this li ne. In odern air aft en nes, h

the over-a lue of K, : e oly p c e one , is about 1.23 aad t e compression
ado is nearly 7. Con y an e compression rat o ro 7 to 10 ight

pe t an in ease c o a 3S to 40 or poss bl pr ve ent of
1 n ael econom .

-
. , AV A ON A 1 FA E '
' or powe g a t

_
as e o t e 10 octane r de -is at present the

+ - most i por ant fne . d +iat a o e t e se tio oa "A i Bne g " th

ume of a i tioa e q . s ense• It const t es b :11 of eac
' c ttol m p a t to more than one al '+ b els per

d , 'h s gasol e is ` a . p odu t t at it is efl y com osed of hydr o-
;

,, c bo s a t p u ole m. Out of the ' 'on of possible
ydr at bons, o y i ; o in antilcnock q ali and in he re ni g of

e these de oc s e o b a ned by coa vert g t e less desirabie01
- .

' s, e pr n pa b s ded n 1o0-octane asol e sre isopen ne,
' r , t e sohe anes, the I s " r ti cs, toluene, ylene and me e. T he

- a ti c q y of d o o s s t er enha ced by t e a d don of 0.12 :

_
t e s ch tic hy - - c e, tet aet yl lead. T e m a f ct e of t e de-

_ s t e hyd o a bo em d c y for 'the ll o g processes:
' 1

_
-

p s t Pr s . c r

.
d '

_I o e tan C i o-
_

` Iso erization

. Isoh ne n-Cs __
' (2, -d ethylbutaa e) I o er ation '

_.
•

ohezs e C I . -: ': o l. (2,3-d methylbu ne) ylati on
_' so ctane 2 (i C

,= - I C s y eri ad oa

. I o ane i C + ;,:
_
: . . -

H
.

= C
_

Go olymeri at ion

_
: I c ne i C i ._ _: . , y ation

' ene M :°
. _. - C •C , + H, ' fo n ;

, _ -- - - - -
. .
• .
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-
.

Feed sto p ep rado , as a pl ed he aw ma erial subje ted to the above
processes, repre ents a cons dersble p opor on of t e over- re n ng eff ort. T s
prepsration invol. s h ope ado s a a t o al dis illation, the al cracking,

t l t c rsc cing and anu t of cata ysts used in the proceas s. In spite of

ppa eo p e the p o ess s, owever, e blending age ts, w ich are
- t e p oper m zt e des :h d o rbons, can be man a tu ed at costs of

ab t only three s . . t 'l s d nt t at the a power in lved n ma
' a speci c hyd rbon -r a e p fo is mode te co pa ison t t e
' labor q red i t e o ct e o oa endo al chemic s. S o ld other hydro

- bons of d etent v e d s ble n the f t re, there is rea on o be co dentP
'
, t at sad factory p ocess s can be de eloped to manufa t e t em economi a y and

ol me. ,

. M D O I

' ' e fore oi g on 6ss bee p edi ted npon e need for a plent ul li quid

gh ene co t s nd o e p d ularly upo t e use of t is li qu d in an
ntet al comb stion c t $ . To rfor its fun ion, the urcr engine mnst

produce t e ma a o t of po er, consume the least amou t o el and weigh

as itde as is consis e t w t e t en th it mu have to ithstand the s ra ns posed

po it.
. ,

' e c ief limiting f tor in a iation .fnel perfo ance is t e l c tendea y of

, mo p trole m hyd o a bons to c under creased power cond tioas, t u o
t te destru t o vf . e n s ey operate.

• e tcue mec i od c s not well derstood, b t the p e omenon n
b o ghly descr d a : llo s. 'A t be of u l-a mi u e ted at one end by a
sp c ping Is sho n i g. 3. T e follow $ s quence of even occ : (a) Ign ion

' e ct re b t e s p og . (b) 8 elat . ely low burning of t e s a e, progress-
$ awsy om t e sp plog. (c) I pid in ease in pressure a d te pe atu e of t e
b ned o cion of t e . z e a d of the a e front dl a conci on is reac ed

a es t at s mizt e e plode violentlq or detoaate. (d) Pressure
ves set np it ia c der, re t g n cnoc ; pid sc ubb g o all s b vibrating

as, se ia te peratur o wa lo en$ine power and eventual destruction of

!
I

I

n a rc eng n a de ce or onvert g heat energ into useful work. Its
wor c g fl uid is a , vr m a wr tel , nitrogen from ir plu t e p odn ts of com-

,
bosdon. These ro bus pr d cts e t e ases, carbon dio de, ar n mono de,

'
• t r apor and dt , n a n$ p opo ons depend ng oa e onditions of

,
bu ng the l nde It s a t ot geaetal y appreciated, that t e power output

a ga ol c e i e s e ne ly pr po io a to t e amo n o ai (o gen in the +

a r) b ed hs t e u t of ae ons med. It is the reason why aircra t

, i e at superc ar ed r o st d ncrease manifold pressu e for take-off and
fo o e tion at i b d .

' A . ery mnc si npl ted d n of the t e al efl i e of an s t al engi e,
a comp red ith tb t ca arnot cle is t e foll ow .

_- • a
_ •

,_
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However, the above data also indicate the possibilities open for subsidiary power
plants for take-off and comb t performance. With l ight, depeadable, and moderately
eco omical ro ets or t e mal jets available t e reciprocating ea ine could be de-igaed for one pn o , namely, economi l cruise with reduction in weight and
possibly i proved effi enry . Another possibili ty is that s ggested by equat ons ( 1)
a d (2) previously give . It wi be oted that at the very rich condition onl 10,900/
19,000 or S8 of t e cbe ical heat of the fuel as been used. A arge propor ion,
namely, 42 of the eat available in t e uel still remains as unbur ed CO nd H in
t e exhaust gas. Air, under suitsble ptessure, added to t e e aust as during he ich
condition should make some of this ener y ava lable as thrust by jet a tion in ezc ange
for added boost po er. S table combus ors, possibly catal tic in nature

, would have
to be developed, but t is should not be di i ult. A t ird possibili y is always to operate

e conventional recip o n e gine pa t all y rich with the adv tage of higher
power per c bic i c , r covering the excess fuel in a thermal jet power pla t operating
in series.

Figure 6 shows ho kno c a ec s economy (or range of operation) of an aircra .The hi her t e compress on at o, and the higher the temperature, t e better will be
he resulting economy for a given power outpat. Negle ting mechanical considera-dons, the tendency of a el to kno limits the comptession ra o with whic it n

be used, and hence t e economy or ran e that can be att ained.
Figure 7 presents three schematic indicator c rds showin t e increased ylinder

pres es, and hence greater powers, whic are o bt nable ithout knockiag w en
ric er ixt es are ed. For simpli , the power increase that is i ed in practice
by creasing rpm has been negle ed. Three work areas are shown: t e area -
on ded by the li ght soli d ine is wor ower developed) at cruise condit ons; t e
re s u ded b the dotted ne is work at rated continuous power conditions; and

t e shaded area surro ded by the so d ne is wor at take-off conditions. These
oug ly represen the three onditions listed ia the above table. In each case the limit

of permissible power is dne to no , but di 'erent fuels will show diff erent rates of
ch ge in per issible power with te of change in fuel-air ratio.

Tbe necessa y adjusta ents to ha dle ese c ges in fuel-air ratio are compli -
ated and to rel eve t e p lot t e ca b etor is designed to take care of the , auto-

mati a y, as sbown in Fig. 8. There are two settings, "automatic lean" and "automatic
i ," determined by expe ience, a d the pilot has the choice of eit er to obtain

economy or po er as required. W t these sett ings the carburetor auto atically sup-
pl es enough fuel based on the quant t of air passing throug its th at to prevent

ock u der any no al condition when running on che proper fue In ce ta large
lo g- ange airc af , however, t e g t en ineer may override the coatrols manuall y
and approach incipie t noc as osely as he dares in order to obtain ma ci u
economy and hence g eates r nge. In Fi . 8, the three points at successively higher
power outputs represent oadidons for cra se, rated continuous and take-off power
respecc vel .

A comparison of uel qa li t on a le m ture performance and a rich mixture
performance basis s adm ttedl a ove i p cation of tlie knock problem because
other variables enter, suc as co pression ratio , spark advaace, li nder cooliag,

6
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_ - _ _ _

, - s _ .

'

iz re te perat , sp a, ot spots, e c. N e er eless, t e wide di e e ces fuel
' ' ' qna ty der di er o e at ag v ' 'ons can readily be sho n by auch a com-

on. • .
; '__` ere are li os d d l -l drocarbon compounds possible and the n - '

ber p se c in pe li ' :p o tbly he ndreds of ousa d . n the aso ne
_

bo l ng nge a on . s bie is aro nd 5000. Of these, ho ever, o ly a -

_
r e r doze a e k s o su o snt kaoc quali ty. ' e fo 1 *i g table g ves

s ompa on of the r e sat ca k q ali y of some of these d rbons and of
• so e t i al av atio es;

- '
CO PAR OH

_ .
QUA Y OF PURE DRO AR ONS

: VI TION FUE S

., .
' P r ce N n bs s b c c F l L ad / Ga !

. ,- -
_

L t b M a I Cr e t
"1 _ - - _

( 3 e ) ( T ) (R c )

_
e e . . . . . . . . r o w :. . . . . . . . w. : . . . . .

1 3 2 4 6 1 4 3

' m- d X yl . . . . . . . . . . . . . : - , . . . . .:. . 1 8 2 46 1 18 .T olu e................................_
103 2 0 137 '

' T r i ne. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 240 80
, - D oprop l . . . . . . . ,•: . . . . . . . . . . . . . . . . . . 139 190 Si
. ' Iso t e Re ;. . . . . . . . . ,. , .. . , . i 3 i 3 - 0
' Neoh zaae - -• _. . . . . . . . .., , .. . .:. .:. . . . , . . . .. .. . 137 139

' • Z,3- i hyl ' 100 14 1 41
. . . . . v . . . . : . . . . •

10 / 130 A at . s :. . .•.•.. .•. . . . ,
' 1 130 30

C
i . . •. . . . . . . .. .. . . i '8

, _ 1/ 96 A s o - ___ : . . , : •. ._._,.
, . . . . 76 88 , i

_ _ .
_ - r

- - .
I'' ' ese ra ngs s di e de riations el pe ot ance that sa

.• be obtained b t e o ag .conditioas. Ass ing t t bet eea the two
es e e li e the ac - _

t g .̀
d o s e pe ienced in ight, it i obviously im-

_ porta t to now jt p e . oc resc ed nder di erent g t conditions
' and i d ere t en l te 6, e e .p esented, u ther ill strates the variat on -in' an ilc o k q al ty of t e b e s b ta ces en t e ompression ratio of the

, e e a d t e st e t e ue - t mi t e are varied. e Appm diz presents a
' ore co plete rec rd t e va iat o of ant oc q ali ty of ind vidu l yd a bons

ader diff erent on t o s f tes T s ble was compiled by the Hydro a boa Re-
s h Proje of t e cer c a Pet ole In tute.r .T To redesig e s d s ri to ta e ad ant ge of uel mprove ea s s

' - o ess ta c. ne pl s t e job to pr ve by adeq ate f -s al e ae tests that. .`
, t nel ha t e ad ed q , how m c a d nder what cond tions of operado .A o er is to dete te at ch g s in perchar ers, arbu tors, ignition systems,'

_
oolers, e c., must be a e to ge the most from the new fue , aew engine combi at on.

. e f el and t e m gi ,. a se se, l e the he and he eg : wl comes rst

_ e eng e s e n ot b d s eng e in productio q a ties n
'- • e l i needs is co s ly sv sble. 'he re er a not b d t eq pment for

_ - " a u g he fue it no. ng wha its composit on mu t be to m t t e needs of
e g ne._ . _

. - • .-- . - .
., •- • -
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REA ION, PROPU ION •
If t e present p g ress to w ards eli i ation o f kno ck as the pri ncipal lim itatio n

o f the rec pro ati g e g e sho ald lag , tbe rapid stt ides con u rently being made in '
jet pro p l sio n and c p p ion ight co nceivabl result in t e gradual o b- •
so l escence o f the rec p o atia g eng e. H ow ever, it is m ore li ely t a co m bina o n o f

;the d ff erent m etbo ds o f p opul sio n w ill be develo ped to ve m a ci u
_
o ver- ll

e i ienc in a c ft o perati o n.
,As lo ng as t e w eig t o f the fuel to be carried abo ard aircraf is a m ajor consider- ,.atio n in airpl e desig , a i i o asoli ne ll continue to be the m o st desirable fuel,

- irrespecti e o f the ty e o f eng in! sed
, because it is the li qu d co mbustible >zaving the

m o st BT U per po un T s des de atum m ay have to be m o di5ed
, as in present J P -1 '

,el , fo r desig n res sons; bo g ea er lly the m o st vo latile and mo paraffi i c liquid
f el s t at can be burned w ill be c o sen because they have the ig hest B TU per po a d.

Eventnall y, for g at rery hi b speeds, the design of airplane win will be so
alender ed hat spsce ations wi control t e amount of fuel hat ca be stowed
aboard. In suc c ses, t e fuel ltaving tbe most BTU per cubic foot or per gall on will ,be desired and a nonvolat e el will be used, provided t at its pou point, iscosity
and bur i g c c e i tics are aatisfac or . T e present JP-1 uel is a ood example
of his type of fuel. I order o . e t e optimu co bination of p operties, it is li kely Y
tbat such a fuel be predo a t y naphthenic in its hydro rbon st ctu e. T is '
means, of course, that it a e relati ely hig densit due to t e lic stru tu e
of the llydrocarbo mole es aad rel t vely ig6 BTU per po d due to t e relatively .h gh r tio (about 1:6) of hy ro en to a bon in these mole u es. T e net result is _h BT U content per gal on.

Gene ly speak ng, t e hoi of a su table petroleum li quid an be made by
reference to exi t ng pi ations of data on the iaterrelations of t e physical prop-
e ties of rarious petro leum p du t . For exa ple, he attac ed c art , Fig. 9, on the
"Related Prope tie of e el Fuels" shows how wo out of fi ve p sic l properties

the ot er t ree. h s part i c art was drawn up for diese uels, but it in-
ndes fuels of vola lity c mparable it that of JP-1. The chara eristic of "Cetane

Number" is la ely a me s e of para city, e paraffi "Cet ne" or hexadecanebavi g 100 C ta e N u be by de6 itioa . O course, the c rt presents aver ge re a-dons ips and it is t erefore posaibl to sele t an dividual hydro arbon wit prop-
e es t at do not co or wit tbe c art. N ever eless, it is ely that ny el,fa g withi t e scope of t is a and yet departin si ni i t y f om the average
re a ionship, can be td ava lable i e to a e that would be necessary for power-i g our aircraf .

PRA T CAL CONSIDERAT ONS

a. R i F + asand o A a o Ga oin and K. o . Fv l.
Tbe uesti on of tbe elative a a ds of using volatile a d nonvo atile fuels for

ait a t has been u der d s sion i e techni l tera e for t e past fteen years
wit out reac ing a a l answer. T e d culty of decision as bee due to e fact
t at ea t pe of f el is more h zs dous than the ot er in cer in i u stances. Con-
se uendy, the person ose esponsibility it is to c oose one of the t o for a certain
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.s •
c p e o f se r vice m ust ma e h is d ecisio n after co nsider in w b ch uel o er s th e l esse r
ha ard in t at ser vice. T h e p urp o se o f th is sect io a i s to sum ar ize t e c ar c er istic s '
o f t e tw o fuels, p oin t g o th e cir cum staa ces i a w h ich th ese ch ara ter i sti cs m ay be
crit cal y signifi c nt wit re pect to re or e plosion ha ards.

The c6ief property of s li uid fuel which determines the ease wi h which it can
be i n ted is the vapor pressu e of t e li qu d . T is prope ty aries with the temperature, . _t e gher t e temperat e t e g er t e vapor pressure. Every li quid uel as a cer- ,
taia critical vapor pressure whi determines its lower infl a abilit limit in air .W h en th is lim it is r ea h ed , th e co ncent tio of in m able vap or in t e air dir ectly
abo ve e sur face o f the q d i s just g reat en ough to p er m it ig n it o n by a sp ar k or '

am e. If th e co nta in er is los ed , it is p o sib le, by fur th er incr easin th e tem p er atur e, '
t er t o in c rease th e co ncea t atio n of vap or in th e air sp ace un til th e up p er infl am -

m ab ilit li it i s ea 6 ed
, at w i h po in t th e t io o f air to fu el is to o sm all to p erm it

i a itio o f th e fuel . T e e e of lt i d e is to decrease th e p r essur e o f th e ai r , w it t h e
t es l t t h at in cr e ing t e alti t d e low er s the tw o tem p era tnr es at w ich each fue l just
eaters and hen leavea e able raage.

•
.he foregoia g p ragraph succ actly states he pri nciples governing t e degree

o f e p lo sio n ha ard fo r a g i en fuel in a ive set of c r cu staa ces. A it is necessary to
k n o is ( 1} th e in amm ab ili t l its of t e fuel, (Z) th e vap or p r ess e f t e l iq uid '
at d er ent t em p er atur ea,

( 3) t e t e p era ur e of th e li quid, (4 ) th e ald tude o r th e air •
p ressu re, an d ( S) t e le g t of tim e at th e temp eratur e aa d alt tud e iven . W ith h is
i o r m at ion an d a k n o w ledg e o f th e s ir cr aft op er atio n s, fo r e a p le, w h eth er th e ;
so e o f ig i o n s mo t k elp to com e fro m stati c elec r i w le fue n g o n th e

,gm un d o r fr om in cen d iary bu le s at ceilin g altitud es, a p r op er c o ice o f fuel n b e
ade. T e follo ing table compares an aviation gasoli ne of e t e N •F-28 wi h

-F-32 fuel of t e ke sene type a ing e ceptionally hig fl as poi t as compared
wit the mini r eq ement of 110°F) on t e basis of the above li sted proper ties:

T l P e es
d o
G ol K ro s

Vap or Pr s re, lb/ q in.
at 140°F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.7 O.D7

100° ................................................ 7.0 O.O1S
6 °F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.0 0.00 17
20 F................................................ i.i -

- 20°F. . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.3 -
- 60°F............................................... 0.07 -

Lo w e I amma b i ty Li , lb e / !b
st sea l el . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.03S 0.03S
at 20,000 f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .043 U.040
at 40,000 f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.049 0.0 8
at 60,000 c. . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .06 1 0.0 59

U er I n a b i q L it, lb / !b air
at s a le el . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .2 4 5 0 .2 50
at 20,000 t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.225 0.232
a 40,OD0 t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.206 0.2 13

- t 60,000 t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .190 0.194
I
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' - *i • '-
so ne it has beea ao ed hat i an ai plane takes off from sea level with t e gasoline

a 100°F and makes a a t c mb to 40, p0- altitude, the press e i e vapor space '
of t e el ta k may b a high as 3 1b/ sq in. in spite of t e vent, and the loss t rough
t e vent may be as as 10 of the asoline in the tank. Obviously in such cir•
ca sta ces the is a p e of omb ible vapor near the veat and t e re hazard is ,
real. .

-' Aviation aso i e p v des et e plosive ha rd that ita in a ability
' ita at certain a d u s cur a e p ratures which are freque tly enco tered in

- p a dce. For e a ple ` ,000 t alti tnde, the e plosive r e of ga oline va ors lies
b t ee - 7S° a d - °F, he ea , t e AAF standard summer a t perature at
40,000 is - 4 , d e fa i igh -get do to t at te pe atn . As anot6er

.exa ple, dur ng t e le of France in 1940, there was a ca e reported of aircraft
w ic ad jn t anded i l t des so t at the temperature of the fuel in the `

' ta ks had lowered to ab t 0 F, w i h i i i the explosive range at sea level, and
t s o ld gasol e as i ted by o n -st a i g enemy aircra t.

.
'However, sv adon l e ss two adva tages over kerosene or fueling air-

cr t. One great ad aata e is t at present manu scturing fac lit es are ared for pro-
- dn ng any t m s o e avia on a li ne than kerosene. Mu deve opment work '

? e a ns to be done be re a satisf to fuel of 14S°F could be produced in volu e '
.com arable with l e present hs f ' 'on barrels of aviat on gasoli ne per d y. A i or •

r ad ant ge of the aviation g so ne s its higher spontaneous i ai o e pe at e. I
el is spill ed in a c s d t e q d o es in contact wit a hot me ic ace, for ;

e ample a co b tion t e in a jet-p opelled ai c af , a ation asol ne ignites spon-
ously only if t e sur ce is ho ter an 960°F, whereas ke o ene Ignites spontan-

eo sly at tempe t a ts ! w as 2.0
° oore Te t Method).

`

, a s , a f e ' 4S° s po nt is genera y safer to handl tha a fuel ot
• lower fl as po n . e e ez cep o is in respec to spontaneo s nit on by a hot

su fi c as distin om o n b a k or a e. However, the presen availabil t
f e s of 14 S°F s d nd, s any loweriag of t e fl ash po would result in

_
n iacrea e in the t i r m e losion in fuel tanks at high alt t des, pro bably

w t ont a reatly co ai ng ad ntage in increased avail bil t , he present out-
look is that a volatile 1 of the t of av ation gasoli ne will have to be re ained.

e e eless, since t e Corps at Wright Field and t e N ational Advisor Co it-
tee for Aeronautics ve oat es nvestig te he rela ve ha ards of and ng

- d e ent types of fu ls, s e mended that t eir data should be reviewed before
mslc ag na1ded o o -: oi e o e least hazardous t pe of el.._ b. Va o a i Lo

One i portant pra cal consid at o at ec s the ac n ! or ove -all fuel con-
an ption of a r a t ia e er a ori atio loss at i h al t des. With Grade
l OQ/ 130 fnel av g p p essures of to 7 1b/ sq i . at 100°F, ac ual boili ng of the

q id f el c n occa d perado of i c aft a very hig al itudes. For t s reasoa,
. t e y Air Force p f rvent pacipes for aircraft fuel t nks o that excessive

i ter al press es a ie a oided e esent permissible li mit of pressure in the
- taak is 7 in. of wat . ven s suc apac ty, fuel losses e ceed ng S of the

ta contents have bee s y ob e ed.
_ .

: /

. - `
..L
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-
I I I _

; _
1 / - - -

_

r
:

•

- F

: 1

_

:
.

I

_
I I •

i -
_

1

  I
. 1

I _ _ _ _ - _ t -
_

1
- _

.
I I

'
.

'   - I
. ' 1 ' . I I l

• . -
_

1

I  
1

•
I

' 11   1 /
'

; : a '
- . _ _

-
. ;

•
. I .

. .

. _
' - -

'
• L

'; _ _r
' f

_

I'
_

•

_
•

. _
S

.
- l ;

I
1

I
1

•
i

,
? 1

:

1 - " • • 1'
1 lI

, _
a

. I . I I 'U I'
f l f

'
I I?' , I' " ° ` • r.

-
I

'
. - '

-
. . . ,I , . . " . _ _ _ .

. - ' ' 1 - . `



THIS PAGE DECLASSIFIED IA E0 12958

- -- . _ . _ _ __
- - - - -

_ , :
,'

-
. , ° ' t

Q , , ,
'

, .. . ;^ ° r . . . •. . . N: : : ' , .
• . , . . . . ,

I' ' + a
.• . . . . . • ' , •, . . . . . . . . . : : : ; 'o

: ' ' : : : Y : ' ' . . . " '
; ; • : : : : : : • ' : `

q
.

. : : : : : . ' . : . . . : : : : . p p
. . .

:
. . . : :

. . . . . . ' : G
. . . .

:
.

.
. . . . . . . . . . . .

- _
. : :

. : : ' : . '
,

' ; i
, . .

. : . .
: : . : : • . : ' : p :

0
:

• • .
: : : . . : . . . . . . . . . : : : : : : ' : • :

-
' . . .

:
. .

:
. . : :

.
: :

: . . .
. . . . . : : : : . . . . .- : : : : : : : : : : : : : : . : : : . : . : : : : : : ' : : : : : . : . • : : :: . . . . . . . . . . . . . . . . . . . , . . . . . . . , . . . . . . . . . . .. . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . .- . . . . . . : . . . . . . . . . . . : : : : : : : : : . . . . . . . . . . . . . . . .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . .. . . . . . . . . . . . . . . . . . . . . : . . . . . • : : . . . . . . .,- . : . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . ., ,

-
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- " a . : ' I
_ - >

- ' _ :

,_ .
$' $ e + a I I( I I I I I I : 8 1 I I o ao o o °

•
a r a m eo t a

I
w a o N o

I I I I I I I . ." o I I I I I o I I o " I I I o 0
; . o 0 a a a N w a a a o a a o

`
-= • ( I I I I o ( I S 1 I ( I I I I o w I I o
- a a t a r w m m C w ao w a a m m a
,

. I I I

. o o o m o o a o m o a o o o
I

o # I I
m

I .

'` I I I a . a I * I I I
, _
_ -.

( ,
s I I 8 ( I I I i I I I

o e : mm e ma a a a o o o a a a o , o
_

I Iwl I I I I Im m a a
( I I a o o I I o- -_ ; . _

8 : =, . .
. I "

'I I I I I ' I I I w o
' W r 0 O O M M 1 1 i a O O O m m

(
c m m

'

C D I 1 , d W
I

1 O I ( I I M
I w 1 0 I 1 O

- _ 1 0 r w r m b : j , 0 p a m D O m a N a .

l
m m

'
-

- m r a ' a + r
I I

r s g I I I I I N I' __ _
"a, I I m a a a e a m I a a o w ww a w r- 0 1 N a A . . , .t' N

a O N m
.

o t
I

_ 1 1 1 1 1 I I I I I I I I I I I I I I I I I I I I l l l l l ( I I I I I I "
/ I I I I I I I I I I I I

o
Z

_ ( I I I I • I m a a a m I o I I a a a a a I ,o
" w I I w a r a r _o a a a e a a w m O o o N O a

=
- • -

w l a e o r a c e w m oe a o
S

ww w I w w wma w a m e o m oi o m a o c

. 1 1111 11 11 l f l l l l l l l l l l ) l l l l l l l l l l l l I I " I I I I I I I I I I I I
o

-
- - ` ( I i 0 ! ' ! ' a a a a . m m a m a w N a o r' 4 w + C 1 m

a a
i

0 O O
i

a
i

W W W

-
+ 0

I r I m a a m d O
m a a m m m a a a a a a m 0• I I . ( a . wa ma r. a a ao o o ' m ` " t ° wa °

. ,

I (
a'

THIS PAGE DECLASSIFIED IA E0 12958



THIS PAGE DECLASSIFIED IA E0 12958

'
- t

i- - •, = -
- . --

- . _
I

_ _ •
,
_ _

1
_

I

• I
' _

. . . I
I

I
: - ' • ',: 4 '

1 I 1
'

-1- -
_ _

-
_ _ - _ _ = I I - ' r

. . .
  I

-

' .
- . . _

_ _

t

 
I

_
I I  1- '' i

_
' ' r I

, - - ' 't l
_ . _-_ , _-

]I I I I I I I L. ,J, (' I I
_

` . 1
.

I . . I _ I
_

I 1
.

I I l
l

F I
.

 
_

_ _   r - . I _

'
.

t
- Y

.
- I  

.

, ,
i ' T • _ i • ; J _I / _ -

' . ,I_ . 1
-

I 1
. • .   I - - . I . .

t
t_ } r`i , I - I f ' . r '

_ - - - .1 r
''
II I _ • -

.
.

. . • • I l -
.

• l •. _

- 1 I I .
.

1 • . I I - : I C
.

};
„ ,

- I ` ' I

.
, _ -

"
'

.
; _ .

p
, (

I
I -

_ _

'

„
• , I

_
-

I

-
. r I

" • . I
u .

1
.

1 7 '   1
'

1
I . .

- -
; .

1 ' I J ' ' 1- - - I _I _ -' - _
' ` • ' , _ . ' . I " •

1 , ' , A • - - _' : - .-- -
I - . - -

- -
_ - •

I
I

. - ! .U
- 1 - - . I I.   I 1 - 'iul._

.
. i 1_ _ •. . I. . , ;=. -!. .'- - . .ti '. , _ --.; t 1 _ _ . _- - I -

J : I I
I; '1' I I I I I I I .

.
' ' :

. . . r. '.- _I - -

_ ,-
_ -- - - . t . ' - I _I- _ 1 • , r =

. I
_

_ -
I ; • 1

. .
!

I
1

I • "

- - 1 ;I
,

.

J
s s y

. _ I
_

I ' i :• - - ' - i
.

•
  t

_
1

__
I -

_
; I

I •
•

I ' ' I -
I

I I
1

. .
_

, I I I I I 1 I
, _ . I

, - •I - . - • °
,_ _ I ,-

`
, _ _- -

. - n
4

1
1

=
_

_
.

. .
- I

r
I •

I

- 1 - " - I I I !
.. _. __ _ . .4 , , - . ' . I -, . r_- _ - I _

I • _11 - ' ' = I _
_
  - .; 1_' r _ s . , I ' ' : • _ I I r _

-~ I . l_I
' O i 'I

' I • - '. I' i• ' ;
_ I

:
I '. - 1

, „ t
_

t I I
t . t -_

j
,

 
, - - -

' I
. . I

'
I :

r . . . • ' - 1
. .

1
. . .

-•
_ - "

- _
- - - - 1 _

. . . , I

i ' '
I I II I •

. . _ • ' .
' r :. : . 1

-
i l

r ' I -

 

I 1: 11 7 . : , 1' !• .
_

: . .

1

.
I -   • - {

I
r

-
' I ..

_ _ . u
.

' , .
. r I t .

I I I
I

• : I _ I

.

.
! :

•

. . . I '
. . :

1  
1

' J '
_ _

I I I _ J
' I • .

i I I
I

.

I
_

,

. .

-

' -
- •

• . : . I ' • >
;

' I I . - .

, 1I _ . _ ._I
f - .

1 •

.
;

.

'

.
Q

•

'
- = 1

(
.

•
. : 1

.
r V .

•
I- I I II

l
- I

' I
I I

, - . ,
.

` '
I n `

- -
I

r . -i . • v; _ _ - I : _
I ' I:._ __ _ I

I : . ,t . -
I '

_ I
-

I I r II _   -   " I

l
•

-
-

.
r

• , . ,
• ' - ' I

1

.
I I I l 1

I
' I

- I

•

. . I -
1 - • 1 ;

. -
_

• _ I ' '_ a - -e '
.

•
, _ _ _ • . . • I I

I . 4
. :

l ' ..
, ,

-
_

t
I

- i

"

C

C 'l'l
.

. - -
.

• f
l .

;
I

.

:
I

„
l

l
l :

.1..
` /

.

. .

' ' +
`

'
-

-

I I
I

-

'

•!
,

1 .

`

.
,

I 1
. 11

• -
.

I
_ t

_ l ,, _ _ _ , . r _ --
_ , -

. - 1 I
T ' - 1_

_
•
p

.
I

.
:

. • -

-
_ t

_
, 1

1

T
I

I

I

I

- - _ II
) ' I

I . _ _
I

.
-

 
I

_
".i ' I 1 ,

1 t
- _ I I

t
1 ' . .

'
_ • 1 I

I
 

_
I t

o-
_ _ _ .

I   t I '
_

T . . 1 I I
I

1
• I

I = - I I _
y . .

'r

- - . ,
-

. I
I

y I _
`

.
°

_ _
I I

I _
1 ,I

, ,: •• - ' : ICr I "
.

' .' ' - i'.W, 1 . _ - • , _
l `

:
_   . -

i
. .

1 1 1 - ; i
1 1

. - ,

. :

I I . _ -
y _ I _

_

1

_ . . . 1 - - _ f - _I I

.
I .   '

1
_ _

M T
-

 
_ _ I 1 '

, i
'

-
I

.
1 1

-
1

_
'

. .
I

. - ' 1 . : I
._ . -, . - •a - . - ',Ì
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The profi t deri abl from this ou ce does decrease at very hi h proje le veloc-

iti or which the atio of p opell nt weight to total eight is la e, but remains
. i portant for sn p ob b ro et proje t les. It so decreases fo ae take•off

a d similar s stems in the eig t of the ocket otors is a s a fraction of the
o tl eight. Here, howe e , t e lo tic adraata e of a low motor-prope t weight

rado is obvious s ce bot motor a d p opell ant must be shipped to the point of use.
The fo ll owing p pe e of pr pella materials are importaat in t i respe t:
a) Si ce t e weigh of a oc et ot r increases approximately in d ec p o or-

t o to the gas p ss re, le the e ect ve gas velocit varies much less r pidly, a de- ;
' c e se in operad g pressure is favorable until it reaches the po t here other forces

than b ting pr sure be ome i po ta t fa ors in motor design, cercainly as far
dow ss S00 psi. I ge e al soli d p o ell a ts possess a lower pre sn e limit, which
d pe ds oa s ze nd g etry o motor as well as o t e propella t, be ow whic6 they

= fa l to b or b irr g larl and ncompletely. Obviously a lo a ue of this li it
is a deairable prope y of prope s t. In aome ases, as in the ba oka high-operatin
p e s es ( 10,000 psi ) s ployed o k ep t e b ng time sho . A f ster burni
prope ant wo ld pe t t lower ope a ag pressure.

It is lear t a the a s tage of ope at g at a low press e at low te peratures
' aa s es i the presao e be mes font or ve times greater at temperat es in the npper

L_ pa t of the ope ting rs ge. his i one of the ad anta es of a powder of low-temper-r at e coe cient.I
' b) he rste of b i g of a li d p ope a t varies as a power n with the pres-

s e of the g s s d g it, wh le t e fl ow of as through t e no le a ies as the
- st power of t e p e s e. This sitna on admits of a stable ste dy state o ly if is less

__ an t , and t e st t t e mote a e and the less sensitive to d sto b g i uences
s a aristions the uc iag sn ce he greater the valne of 1-n. this sense the

- d ff erence between the one t 0.7 of most double-base powders and the 0.4-0.5

_
; bited by compo te psopell nts s a latge and i portant one hi leads to mater-

s y g a er r pro d t snd rel ab l ty with t e latter terial. A lower fa or of
and a li ter a o r a , there o e, er issible.saf ty P

T he valne of a lo onent s e pe ally reat i the ual t pe of artill er rocket
= whi a bn a o form g b over all or aearly all of its sur ce is
`

_ tained in a loag r o small d s eter. en the at e pt is made to rea h the
_ ig est possible rat o of prope a t weight to motor ei ht t e limi ing fac or be-

- o es the space a s b r 8o w o es to ard e no le (t e port a ea) . If thi s
is s a s press e di r t s l is set p, he b ng r te i crea es ia he high-pre ssure

' te o n , a d the ho le e e is ag n e by an amo unt w h ch is g r ter t e g reater
h ez o nent. Co n y a lo o nent permits a higher pro pe nt- oto r w ei ht
a o fo r a apec ed t c bnr a .

A hig h den ity pro pe lant is, o f u se ,
des rable

- o r the same so , s s o e s to d to rt io n u der appli ed fo rces, since anyL_;' ' : lgiag of the g ai o der the e of setbac and pressure d op rednces the ort

(c) By a odds e ve way of obtain ng a hi h loadi g density and
hence a op imum p aat- ot r wei ht ratio is to employ a c lindrical gr i

' b ing rom ne eod e .'S ch rsin an ll the cro ss sec oa of he motor co -

- •; '

THIS PAGE DECLASSIFIED IAW E0 12958



THIS PAGE DECLASSIFIED IAW EO 12958

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IA EO 12958

_ -", ,- -
. .:•, ,.

_, -r - •; _ , ,
,

. ;
- . .

. - _ :
, -..

1 t •
_ .

. . . .
1

l
LLI
I

_ _ . .- ,

_ •

"

.

- -

'

_ - •
_ .̀ - -

_ _ .
1

- - .
._. ; "

1 = .
r

_
'

. -
-

_ .; - .:. ; . . - .'
. .' ' a - _

-_ - .
" r

=
_

  I I - _ '

-
 

" "" " -r
. ,

_ .

•
i '

.:
_

i . . '
. . "

' -
•..- ' ' : " "_ • . , `

---- - - ._ s i r .
" _ .. -

I , '
- ,

,C` - =" ; -'' " -• ' . -- . ' -

. __ - ,` - .
r " ' I

. •
' LL .' ' . •

_
" - _ .

- • >
- - - - 't _

' ` ' " -- , . :
,' ! ' ;

,
_ _ -

I

- _ . ",' ''-u., - - - -; _, : ' - " , :• '

- .
"

; • . .
'

"' , '.
,
- -

_
' . '

. ._ . '
,. _

.-
, _ _

'
.: _. __

, ,

,

- • ._="
' II 1

. .
.

1' .
i

. 7

- I
'

THIS PAGE DECLASSIFIED IA EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW E0 12958

i •
sm ll n es w i a t e raw teti l ay be made by the sol. ent process in th

_ e y as ri e powde ls maa a ed aad can probably be made by an even simpler
. a d eaper pro ess dereloped b t e Wes er Cartridge Company (ball powder) .

- The sst ng p o ess is s ce ot a ly u ble for the preparat on of harges of low '

. . t perat e coe c ent o be Fan ing t pe.
' (d) In t e molded double-b e p oces of t e Western Ca r ge Company

sa ll gra ules of "bs p owder" a ced with a few percent of a pla ticizer and
p ession-molded o o m g ains. Details of the process are not av ilable for pabli -

ca ion a d the prodnc i not be n te ted on any lsr e s ale. T e p ocess deserves
f her investi atio . I

D o ble•ba e po de s s o keless, e cept t at some o f t e coo ler pow ders pro -dt e l mited amo ts of b a s o e. e a e temperat re and, hence, the destruc- '
ti e e ect npo noz e o g ly pa l el e b rning rate.

;
'he raw aterisls n ed or d nble-base powder, na ely nit og y eri ne and ;

t e lose, are arti les of o erce prepa ed in very great qu n ities, and the
el ose, glyce i e, a d t e tt tric and s lph ric ac ds from hich the are prepared

widely a ailable. '

. olvent eztr ded po der is ently used in t e Bazooka and in the 4.S in.
y ro ket. D e t d po de i e ployed in enormous q antities in rockets

no w dely used in se e d notably i t e S.0 in. HVAR, the Tiny Tim, and in
- . ario spinner roc ets. Cast doable-base po der is being developed wit the im e-d e a of prod i g t for ait la e take-o delive g 1000•lb thrust for 8

e o more.
i

r l Y A . .
(

T e Galc t p o pel s t s p pa ed by st ir ng to g ether fi nely gm d po tass um
pe lorate and a ot s p a •o l i t re, pon ng into the motor which as been. ed with a layer of a p l , nd a lowing to cool. Alternacively it ay be ast n a
mold, re oved nd coated asp lt and tape. The product is too o t at t e higher
aer ce te pers u es to be employed n ppl c t ons where it is not d rectly suppor ed
by t e motor ll. It is not brit e e oag even at low temper t es to be eas ly frac-
to ed by oug hand ng. is ezt emely stable and is di icult to ignite. The eff ec ive
gas . elo i is o the order of 5400 to 5900 t/ sec, but its high densit partiall y com-
pe s te or thia. he onent is nde irably 6ig , 0.75, w i h leads to onsider ble
a ab ity pe o a ce. The mpe at e coe cient is low (0.S / °C) . The pow- ,d p odoces large q a it es of te s oke otas ium c loride) . he greatest

wea ess of he prope a i erent ia t e nat e of asphalt, na ely t at it 8ows at
l g temperatures and bacomes h d a d acks from shri a e at Io ones. Conse-
q ent y, t e ran of t p t eao e wh it ay be used is undesirably narrow. It
does no burn ati fact r y below 1000 psi and t e motors must, therefore, be relative-

_
ly hea y. It has a i b n ate 1.0 o 1.6 in./ sec) , which is suitable for nd-b r i grains for sp a e ske-o d a milar appli cations. Restriction of he bnrn-i g ce is pract sb b met ods al dy described.

. e outstaad g s tta e of the ate al is the e traord arily simple pro-
ess bl which t is p d d. T e sopply of potassi erchlorate is u rently ted

70
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_- - ; -

t at of a nuclear a t on s onld be of t e order of a few mi on ele tron-volts per
process. In t er vr , t e naclear reactions s6ould have an eaerg release or heat

slue about a mi oa t mes t at of conventional fuels. Experi ent lly, this is found to
be true. For instsnce, the bli shed measnred valne* of the energy rel ase of fi ssion of

, u a iu •2 35 is 17 7 il
, o n electro a -vo lts per pro cess. By co nvert ing to engineering

nits, the hea value o f U is 3.120 x 10 0 BT U/ lb. E en a much low er energy
, a o m ic fuel, su as po lo -2 10 , w hi h deco po ses into lead-20 6 and lpha par-
_ tic es , g ives a heat value of 3.30 x 10 $BT U/ Ib. T he heat value of aso li ne is o nly 1.8 7

z l 0 BT U/ i b.
Such an eno rm o us crease in the heat valae o uld m ean that in all eng ineering

practi ce the "fuel" co nsu pt o n w o ld be reduced to a ne gibly s all quantity and
t e r ng e o f an ato i ca po w ered airc ft w o uld be a o st i ite .

T h is,
how ever,does not m that ato c f els will be used for all a craft and missiles, even excluding

he econo ical asp c of t e proble . e key of e situation is the rate of energy
,

' release, a consideration ecessitated b
. t e ever-present i por ance of the weight of

t e el to be rried i t e tct f . For a ven t pe of power plant, if atomic uel is to
be ed in place of the conventional el, the atomic fuel must release eat at the same
rate as the convendo fuel it repla es. If the rate of heat release per pound of the
atomic fuel is s a , lar e ass or we ht of t e atomic fuel is necessary to supply the
re u red total rate. T e , or s ort-du tion operation, the conventional fuel might ,ve a small er weight of f el o be a ied tha that of the ato ic f el. In these cases,
t e ato ic fuel s ould be used.

' What is, hea , the rate of energ release tor ato nic el
T6e si plest nn ea ea dons are t ose of natural radioactivit . These reactions

are ot co troll ble and t e rate are determined by the intrinsic st u ture of the de-
omposing atoms. For u nce, the el ent polonium-210 deco poses by emi ing

s lp a par icles, ith to al ener y e eratio n of 3.30 x 10 gBT U/ lb, a d a half life of
136 days. T he avera e in ia rate o f energy rel ease is 5.06 x 10' B / hr/ l b. T he lack
o f co ntro llabili ty of t s at f e l is , ow ever, a di sadvantag e, because high w astag e
will be evitable duria$ e andling of t e fuel. On t e other hand, t e fact that thei - f el e ts only alp a pa dcles, whic are easily absorbed, is a great advantage in not
equ r ng heavy s eld g for the p lot nd ot er 6uman oc upants of the aircraf . To

tra fer the heat from t e m teri al to the working fl uid, we caa use sheets of polonium
p a ed parall el o the fl id 8ow a d ons ru ted so as to give enough surface for this

ose. .
,

T e other ty pe of l r re t o possible for ener y enerat on is the chain
' reac on of nuclear s i . e reaction rate of this type of react on an be controll ed

b art i ial means, sn as inserting sheets or bars of neutron-absvrbing materials
I

• Hs derso , M. G , " l A at of sion of Ura iu ," P ys cal Re w, vol. 8, pp. 774- 780
( 94o)•
Po lo u -2 10 n b s ted o m bismut b using the neut o n so arce i n a uraai um
p le, cco rdi ng to the fo ll ing eqnatio n:

i + o Po t° + _ le ( i )
T is el was tat s gg d to he t or by Dr. G. Gamow of t e George Was n ton U -
. t , Waa gto , D. C.
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