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There is no evidence t hat 0:1:,' one hydrocarbon fuel has a prc:1.ctical e.dvantage f r om 
the combustion point of view. Heating vnlue per pound of fuel, s t i ochiomatric 
roi."::ture temperature rise, molecular we:tght of tba products of combustion~ air spec i f ic 
i mpulse 3 hence thrust available from the fue~s do not vary significnntly , 

Flame speeds {"f'undemental") are of t he o rder of J rt/seco which indic1.it 1as ·::.i·1at the 
name combustion volume i s Tequired for all the hydrocarbo n f uels o 

Fl_::J~•mability limi t s and spont aneous i gnit ion t emperature vary con.s iderab1y amo ng the 
hy;~rocarbr..>ns I but can ba e xp,,H:t ed to have onl y s;3cond ,::irder eff0 et on the bu::crdng 
r ange and ignition process fo :a.· combustion equipment of the -?:.;;:pa in uae "'n 'i:.he • roquoi s, 

Ri g t e sts indicate that the p:r-ase nt combusto:r- 01n:rat ea reasonably sat:l.sfac.; t ori.ly at 
conditio ns equival ent to 80 ,000 ft ~ anc higher ~rn J .P~l- Fue l pr ope:rt:l.Bs o:f othG:r 
hyd.rocuroons will not have a significs.□t. -~ffec t on extendjng the a lt:ltud~ r ange o:r 
impc,) ving combustion eff iciency a.t a ny alt itude ~ 

SlJPER'FUI:1S o 
~·~~ 

I nclude d i n supe:r f ue l category GN bo:;;ori ( and o·~-har light metal) compounds o:r slurri e s 
o f t.ha sa in a hydrocarbon vehicle " 

Efill.T AOO..fl~ ~ 

Fenta bor ane is the onl y pr esentl y known liquid fuel in t his category wh~~cb. could b8 
:readily uaed for combus tioa t ests on rigs or engioo on t he basis t hat. it i.s a : iquid 
,~t !!.-0:rmal temperat ure and fre ssu:res ~ (fkiiling point 55° C) 0 Limitations are ~otsd 
be l ow. 

For pentabor ane the heating value per p01..1nd is 16f,OO mrn/LB as compare d ·c.o 10 1300 t o 
10 g500 f or hydrocex·bon f us h, o Stoichiomet:r:i.c tempe:rat.m·e 1s 2671°:K 38 c:ompm-ed to 
2,300 fo r t he hydroca:rbons ~ Air specific i.i:!pvls c: et atoS.chi ori1et Z'ic r -<?.t.io ;l.s 185 seconds 
as co mpared t o 171 for the hydrocarbons . 'I'h:l.s means that a laTgB ·'. :'.:;;xo·,,-e:n8nt i n spec :tf:l~ 
fuel consumpt ion could be e}~ected on a t her mody11am:1.c bas is , if ;:;e.rrt. ;;JX'lrane ;, as t o be 
used in place of J ~P ,,4 fo!' '::i i ther the bare Iroquofo engine or for t ;::ia GDgi r:.e and af ter:i'= 
burner at exJ,1ting temperaturz l i mits when using J ,;i.) ,c/:, (998° K_ = T4,. -:r & 1750°K - T8'1'J 

With stoichiom~t:ric m.ix ture i n the A/ B substant i2.1 incr c1.3_s0 i :n o::.a ::cirLETJl t otal t hrust 
could be ,.:~;pected o For example ;& it :is <:ist i mut.e d that at S ,L , 8 -.• max , t hr1;,_st of 29170 l bs, 
usi ng J .. p "/<lo could be increased to 37500 lbs ~ \'iith pentabo:r-:m0 c;;_u:·ned in tbe pr imary 
<:ombust,or and the af t erburner for 1•.1i~rly t he same .speci i':Lc fuf,1 GonsE.J2pt ion as given by 
J ,P o4, ~ 

11 Fundemental11 flame speeds ha·ve been measUJ.---ed up 
for hydrocarbon so T~1j '·' ! ndicr:.t~s ti'::.at W ill<;;;. 

uct1on might be possible using pentabor.ane ~ 

to J.69 f t / sec 2.s compared t o :3 ft/ sec 
~lame tut€ pr imary zone volume red-

Length r eduction of efterbu:.cner combustion space~and 1--eduction of flame hol der block~ge 
could be expected for similar reasonso A ooron compound burned satisfactorily over a 
100/1 flow range in gas straam velocities up t c• 500 rt/sec (ne:.u-ly tb.at in Iroquois jet 

,,,---_, pipe) with no flame holder a _ 

Pentat:orane and its products of' combust:l.on and poisionous (35 PPM dange:rous) Pentaborane 
is thermally unstable, having limited use as haat sink and probably would cause deposit s ,~ , 
in hot areas of fuel lines and around fuel injection points. Boron oxide , a combustio n 
product, is deposited on stat ionary componants 9 such as fla~ t,uoo wall's 9 an6 "' 'l'rb1r:,,P 

nozz l es, and ea.use s erm.1ion. of turbine blades, at t:.z.:;.-eratures .bclo,,; approxo 1J00°K = H:00 -:K . 
This i s a definite limi tatfo n t.o primary c omb1..1stiono 
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Reports e.t hm1d up t o J.9, 2 p::.b2..5.;J ,'..'.t.:l.on o.e:tf: , i c:.icat -~ 1-: ha-.~ s1ibstan-i. ial af:-,-:;rc:.:.:·:~-ar· 
T,h:i:"ust ir.crease can b-e obtai~ed :7~~t:C ~ tiagcesiU:'ll sli..E'TY ::fu.e~ a~ ;!ot.J~,a.!"0d to th&.t f J:::.· 

a stTaight hyd:roc2.rt ,(;;n fue2. . '!.'::::.:.o l:o!Jld ,J(! Cl.2.Z' :L .a9pli v3t.io i.1s ,;:: e J.dvm t21e (!:-.n 
00 ·,..a,f.:en of th,3 hi~hf;J" ::!O;::-:tu3·t!on t,Z;r!1p.::r~--.-:~,2.~~' 0 a.1.1Di:..r:.vl8, and O:{ld0 c~'.J~Jc, .. ::.J·~-'; -;c-;_,_~_ _ -~ 
daal t :11ith ea i n tl·_e c.~ f.1.;e:~1,:;u:~ . '3~., ~:<·~·! :lr.:.j,·~io nc~1r~gn~~:J -~1 oxir2'3 Jla lt i;;.g J:'O ~t.n·t l.c _::\· j J:J~t-: 

ThJ.s data al;:;o state~ -;~:1~-~ ~O ?J.H ~.t:~~•.'\:t1f~o i r,~:p11e .. \7:J~cr1-... in :""~~,fable t-1.xrn~ .. n:; :r. ----~~.~;z; c~ ~>-~lIT ::·\ t 
iel~ 1.>.1as 1.) bteinGd ':'lit h WJ.gnesilrn ;:;li.:\"".'Y ~ f ~(.:;1 0 t,,., ... o.\ G:fuive2.suce rat.io ;;. nd 'J:,::1 i.:.ppK' 1:'..!~E 

Bas ; . ,..'.17.~·, cap~city ::l.n i.L, ;'3 t ,:,.st3,. 

High -~ ~:.0·t:;i iJity o:t t f1j_ 3 ~~- 1.1.~~t J.~:<'~j . .r-::.:.t _- ·-,~1:.i"t, ~-: j 1~1 af.1)i ~~ l3 ncy c o 1ild Je ~1:a::nt .:i ic.Jd :) 1:2 . 

a wide:r bu:r._i11g ~·•?.l:i{E ·.r: : ::"?. ,,-:\,·. l-:::- : .:.i i• .i' t•l•;:.:;~,~.go :;;;l e),t C<J r-e d.ucec. 

The p '-b)~!\): .. ·!rta i~ce o f tt:-; 2\.ft(;:2.,~:.·:.1.:~· 1.;.;·: .. 1 ::-~~t..:lr~l ~-1'"! •;:[.:,3n 'J ~,9s·t 3 ;;J!'J.0n 1.t si.f1.,_g t}1e hyd:roca;rbo :i 
f11.£:l ";;1"~.s ~t:.ff:lci~. ::. t1;;\'" jj,_ ".J-:~:..o~-r::: ~->::::. t. ··:-~!2i~_;:·:~c j_ j_t t:;:~..,ature ~; \udy is re,-1ui::r~ ., t o -~o:rt, )\rt 
iJhat i~ri~:.. ~- -~\;;r.;zr:t ~; u L.1-.i : .. 2 ::~:-- ... :;c ~i ~:;:. :~.n..s r :o.,:.;.\1,:. situn s1t~J .. Y i n an afte 'liburner \'";f.!.ich 
gi·res '.c'';Jason~b l ·2 ~::-·.n ~' .. r~.:;.:'..:::, :;;·~ t te \:t'1. 0c::..:'":mn .fu.z,l a:Lc , ~ u A check on theo:ret~ .. c ,:1:. 
data iniic: :.,1 ic s t :::.,:..:.·:_-. ~··'. ::1~;,; .t..; ; :~~ ·:; :i:<.!!i s11.2:r~;Jr ?.;.1.).I'i""1~d l n t~.1e Iroauois af t erJJur ner ,1 u 

stoici1i ~-:·=:{!tric f.P.i~ ~~:·.~·;·z-c.~ i';;·t.L~ ~::.:•)tLi,S -~ .. -~,.,.~ 3~2 ,S':JO lb;:;o thru.3·► ~ s CO!np ~red to ~~9 )2~:o 
lb~. foT ~:~P-.4.r. en :, .. 2a:::zca :~fi in ;i:.:.:: " '.~1,.-~:st of 4~3.';. I"' this case th ... ·st bt ~at :1::.' 
the. af·~e 2·i:trr-n8:r i IJc r.:1"'.;_;~·.s ~'"):~!."• /;, 2 {. 5 /: _,. f:,2 .~ 9\: He~;~~ \·.3 r , z1;e ~i1~:i c :f\i~:;1 c os:.2::nrt, lo~ 
i s m ?\::.: ~-i~ sn :j~ 1...1't1l~1 d_.,, ::·)i£:..::.: ._-r'.:~ n ;: "I~: \~ · t oT J c-?, ft, t o 5 vl 5 for the J (lgn?.s"1;~, s lu.2,o;:cjr~ 

J:i'o? app ) ~u; ::;. t:i_ ... _,l~ ~:; ~:-~ :.~:.~ ... :~--~- ~. ~:_., £?;! ;:: :~!:~·v~ 1.::: ··.J.;:; t .. t .-Jrt_r ,91\2. t ·.,un9 CE.D. be t;.:, leratt.:::-1 -:i, r11:i :1 if~- )2 

th1~~atG ... ~:r-,:; !2~J .:::d_,r;t., ,,.:-~ ·J.,:;t·-~: . .;_.n :; _":t-.-!.-.-; ., ~d ·•;D.~.1+,0.$"3 in t}1a'~ i ~ w.:t~~l btrr :~ .::-l·~.,. .;~ : ... :\\ 

eq;.1i ·lc110.;_:~t 'l1trG:tcs ./•:·-~r-.·-~.,:;1ot ·::.~:.:1:;,""'. 1 -... :..,_• .L_ ~ r,~1.:; ..L":-,:(; t, t:~:.at t.l-1 ~s.gn.~;,~·wr, -n1·· 1 c 1_i :'.~/ln··~ 
wi th tt.1 i;~·.·=~.'f. .. c=~ '{j·:.-1~0 ~:.. '"~ : ~_ ;.1 1 c~:.E:L!"' ~·..::i.:)·:~-: .. ·l,_j - ~):-1 ~1 :7 .. l._ocs::.~1::on p1"'0 d 11r; ·cs r_,f cov_1:;)11.--:i·G}.~;/1J 

s11.1~1' ir1:;; :;'.-Y'G~ ~., .~:J.::t-::· ·,_-. _:Ll y; ~~-:- ~:.: i ~: 1;:L~ ~.;1 r.-:; 3:~~.-~.·JZ ~· .. ·r.J~~ ~: .. ::.:~ Ot~c:rt::-2:d ,J f{;;·jar i t ,..., 

cl.1-~}.rac·:-~:.,:-·i ~t,i{)S Jf' ~vag~·:)Ai: :..~1 sJ..t~·~:."'':r~:.:. s~ ~_:-r~ -:·. ::: t _'/~ co.ac:J1.1 t:t2ttton waTe s:1.r~il .? ... 
hydrocr:r'°t:~J n ca.r1"'i;-~rc 'l'}:3 sl ~1---· -::;y ::\--::; -B f\•'.) l!...~:\~(~d. ~~['t~ .; )::,11ic-";n.t:l,J t):?.1 1:r~i. f'L(~ ::) 

Litt l\3 i.1fort'..(ati0 ~} :ts 0, ,:;.:_;_ .c .. 
i l2.jection of l i ght r:"il t. ,:. :~.:, ir. ~-- .:.-:e 
appears t o be a ;..;.?tts:c ,,_,, .-: .od rJ •·, 

t'-,1rm.ance is cc!]p1·r:> " ... s.,irf r;o >:!;;,:1.,.; ,:, . : 
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