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, ,l~ I'Llll.roS£ "f the C.M"",,,.. Sr••m 6ll> rroject' ":a. '0
"""..mr. th. fuubU"y of rho "".,n,1 comb""ion '''Il'n<

I 'FI ... k> mr~! 'n, 'I,,,.r prapuhi ... J)'1l.m for' cIty
.. l::mp/laol on the urly d<:n<ID",.hO" of pol.nll.I,

'hon "l."sl•• d.wl"pm<fl' or 1<.-1",...1I"',(<<lion
I • u'qLII') ....01 OU'l'O""~ oFI'..nnp htld by lheC.li­
'u","" lolal. A.mbly In ..oIy 19M, d••Un. ""lh _bih"..
" "''',n .~l"rnobol.., An inllul ....nt "F ,u..",h r",nde 10 lho
...",.,,"1; ..... 1""" «1 In r.b,u.,~ 1')69 by tho U.un "'...
I""',,"''''''''01 Adm ".""" of lh. U.s. [)opt. o( T"'...
pon.uuO\, 0."1" .nd d.....lopmon' ...",k ,"'" bolu,,;n Jun.
1970 by lru...nzm",rinl COIIU'CU)rI., ..<h in <001'.",,100
~'lh. California n...t oporel"'" Vt~bam M Drob<ck 'fill
"'-.Bt,U!<y, C.lif" ...llh the A1."",dl-C"",,,, Casel T..o,1t
0..""'1 (A-C) b..td '" c••land, la, M"l""" Corp., R.on.
....... Ilh Iht s... f,.o...." Mu"',ipal R.m) (MUM).
S,<lm Po.... SI"'nw.. Sln Diego, CoJlf., ..i,h 'Ilt Soulh.rn
C.hf' 'nla R.opld T,o""t DrlII"'1 (SCRTD) of 1.-. Ang<1n,

All 'h'" cMltKton complel.d ""I.HIl;O". of p<Wo'"~
OIL> "'10 "."d"d «I fI ",bu <Da<h.. (Fla, I), IIId p'O'Ii-dtd

• A ~'''''''I 'pollSOftd b~ Ih. C.hfom.. St>1O Asio!mbly "'uh
~ I,a',' of fu"d. fmm lh. U"'.. MOM T""'p<:",."on Adml,,·
",u,,,.,,, p( tho U$. Dop.""",nl ofT,.•••,.,,,,,,,,,,,

m>1I11<"anc< 101'l"''' donnA penod of "'1'''''''"110'.".
pobli<: st.. ic. d"l>OtI""nmlS hile mlny od.", (o,mo ~'

EeE Iu bo." 'UW"<d {,u.::h .. Sl ,fli... <')'3 'lIi'J,uj I'
"""' ..<1 111 rhoo< IUnk",. <)01. l)'lol<:"," (Of .m) '.p.
tlon Tilt rlQll'lnI ..lluo""" .",.rod '''linNn.... OJle'I
li,,".I, ""d """1«hPICOI .....". of Ih. 0.. ofst.am~.. I
oly bu....

EJlhau'l .mila/,onl ... ,••••.hultd by lbo C.llfo,",11 All
R••,)",<:.. Bo..d Souod 1..<1 ""'....'.0><"1. wu. condoot<d
by tilt Cllifom" Ihzb..ay 1'11101 S"'PPWt"'I"n'I~' .... '
I1l<> """,od.d by ,lit A",",bly OW... of R••IIOh, ,"" Stol.
0<1" of Public !l..hh, I"d ,h. D,,.,,,,,,, of It'lh"'a).
o..lIIll"o;..t mIltIFm.", ..... by lht Sclalllr", AnaI~."

Corp. ofMIt FnncIio<:o. n.. 1"..",..1"....1Ru••rt~ and
T.o~ooIom' Corp,. W.sh"'llO", D.C. pu,.;d.d lochnJ<1I
nu"aS"""'''lllld ...1...""" ..<vi... 'h'n08h I Clio for",. ,
om.., Anolbo' CIl,f"""," r"m, 1".'n"".nlollO" AS«JCl4' ""
of C..U" V.II.~,..'Ist.d Wlttl Ino'....""'"'"i"" a"d .."jen '"
load '''''''I

The p,,,jocl ...". compl.,.d i" Sept.rnb<, 1972, II "Il
foond lho' lho ECE cln coml"" ....,110 d.."d p""" I,~ d'y
bo. p",,,,,booo '" I.."", ,f ".... d I'<,forma"","nd ')'oIOm
"""zbl. Ex"'..l.""....,n. oc. 10", 1M aro .. <II bok.-... lilt
~.I. """"ultd by ,I>< 197~ Cahl"'" .. H••"Y Du,)' V.ru,

--- ABSTRACT _

Tho C.lir","I. S,..'" f1~.l'lot<ctdcm"",ulltd lh. 1"'1."".1
>f Iooe ..",I",,,,,. 'Iul., ••1."",1 <lOmb""'o" ."Ii"" In public
I",,,.U .....ic•. Th"'" ,0"''''''0," lIlpphod..,d Ins..ll<d .1••",
p"",..pt."" III u,ba" b pI.d"llho o",illa) dl<s<1 <no

"'''.. hlllu.' .m """ "' found '0 b...............'" low..
I,," ,.... 1975 Cllif niI «qui.."".",. fo< ho.oy-du'y ~hk:1n

SUb'I,,,,,,1 ..doc' '" -...d 1tvt:1....... ",..,,,rod '" on< of

,1>0 buMs l' ...,p1.", "'''&10'' ca" b. I"",.. !had p,...nl
d"'s<1 '''I'''n. Road pt,fO"'''"Cf ...., ai",'Lo, 10 ""It ..nb
d....l ."Ii..... bUI ftl)' hiah F~.I <<J'1Sun'plioo ...". upt"m",
wll~ lhose "onop'rmiU<l lk,,,,,,,.. ,,,,,on vehld••. P,.,.c"
Fn' f""". UnJ!'fl"'<tn<"" IJ<: &lven ," Ib;, 1"1'<'. ",dud,... , ....
oullook FOf I., .. rtd""lion. '" r....1""""''UP';on .nd ..h.u_
"'" ,>'iOfd,



,

.... I· '" 'lOll _ ~ " ... PO"" (:s.....,~
Colif T.._ llio«icI. oril W«ploo, .,. S..... Po.....

$r<1_l-. IDnI" .... "<••"",,y SI'S.IO<.,

StOlld.rd, in ,~""" ofcalbon monoJlid. (CO), hyd,""""­
(lie), and oxode< o( ni".... " (1'0.). Tb< NO" In PI"l<u!I,.

... >Imply red...:e<l below CUmn' d llrftls Tho pol'.""
(01 ronad"lbl) qui<~r """••Ii"" _ 0. hu. inl.rio!
noi.. I.....b prOW<! more d,ff,,'uh.o uu ,,,",, _. lho .......
'''''''cd 1<> the ou'Sidc en";,onrnrnl. F COnownpl"" a'
be.. (" lhe present le••l ofdewl""mro') _ ""nsi<k,>bly
hi&h<' tho. th.1 or di~1 units. Sub'Untiai imp'.........1In
fuel economy ... for...,.. probatJd'ly. but ..til '«julro! h's/<:
'MeI'1JI of the po...., o)'1'c"". N'" ...'prilinlfy. mooy b~.k­

down. W<le exptrienccd wllb ,h... u,1y 'lid ",dn"".U')'
powerplanl" lou' lher......... no "'IOIl'O b<'1ie¥< llul Ul
~p,.bl. 1•••1of Iyslcm "li,blllW would "<>I ... ,• ..,hed
"";11> f"'ur' .""IUlIO'" WhII. f,••lInl wu no, I probkm In
In. Califomia , .., ..,""on....nt. """ of the «>ntrlClOf1 (Ln,)
cllhibit.d ••mall he..., tlult c"old ke.p I bUlo"g1no o""'I""t
monl """,m,

The projo"t 'Iorr IIu ond...o"d 10 ...1\1.1'. tho '101m bu,",
..."" In~, '0 1M umopped polonti.1 ,.m"nlns In tho futuro
Whilo tbc '1IINlr·tM·.,1 iJl .t..m·propelled "'hlel" II nOI
adYlllOOd .ROU'" I" ".,,1 imm«llllO ,n'rOOuollon In,o
flu' '''Vl~. ,II< oct nQW b«" ido"lIr..d "' 0"0 ufl ....
m.... pro ,,! .andido,.. fo' Il>t ~I" .nline of th.
future - dinJly.•oillohn ,. proJ>l'od for tho U,ban
"'- T"'..."., 1;.", "'dmlnlSlrll;on fo, poooiblo fU'ure
dc¥dopmtnl

HISTOII.Y OF STU:>! 8IJSES

S'.I....propoIIN r....:I ...h",leI ""....x..,«l fo' "'•• 200
yeo ... The F"nclI .nlln«' CuI:o\olI d.",o''''''''"' J....hrrled
o",llory IIlclO' dUlln, th. 1760l SI......p""..N 'I.
<:nK~{'h. {\... " ..", ""'") ....,.. <lp<",1efl comn>omlUy '"
l:.nal1OO In tM fill' h>1( of 'M n".. I...nth <:eOlory, Ill"""'"
lhry ........pldly ...pe.._ by f.,., .... """. efflci.nl "'~

""'''.ylooos
The blllh of Ih.. "'" ."tomot,,~ oocuned du"", ,h. 18900.

Untill,ound 1910, m."y obK~1I '.pnied .Ium """'., ..
..,perio, fm '<>od ,,"nlPO'" LJ...I.........I, 1ti"'·Iorq... , 100
..1.. ,,11"'1'" ."!Il'" ....'. In••ntO<l ,n<! "",nufo"tu,.d by 1M

t',", l • Hi"."",1 p!>o'.... poO or. lI.n_·Do"", _",«I ...
Suburbo" 1U,I""y 01 OS"""., G"'....y 4"" ,')(k

'ho"I,,,>d., St.I'" elI'" ...... Jlopl.cod by til< plOhnc-fu.led
inlo,nal combo'lion ,nSin•• (ICFj ... h,,, til< LoU<r ••olved
inlo fonm thai w." oh..pcr, IlIn,,<I, '"d mo.. oon.." ..nllo-Inl.,alln Ih. LoI.nl powbUill•• of".,m was not IRtally
(",..,n.n, """'....t Tho ...u,k of Doble, B.,I.r. Willl.ml, ."d
011.." (Ij· in lbe inl."'" y.." mlY ~el p""'. tu b. fo"ca,"
lI'ho, lhan of hlllOllcl.1 Inl<'." <>nly

R.tu,nln,lo bullpplicoliool. ,h. loM01I pllblIC """"
JYIl.m ope.,~ IlOfIIC huM of Clark_ ..um btutO ooul
1')1') 0), Thew .elUc\n r 1ed by k.., ne, 1M""""ed """"....... fo' lhe '""Ydl... or tho .,.'
n.. Dobl. '''''''oIoIY (3) found U. wly Inlo OIly b....l.

po........ lbe p''''OI CoJifomlo ""pc""",n .. Durin,lhe ... Iy
19201, 1M o..'.nh "10m, IkIs Co. """,,ted I..... Doble_

po'OI.,ed b..... fo ' ~. 30.000 ml Tbox ""'ic:1es hod In

"""1.111I0Il'"' ",hldl ,hm Uu-I or COR'empOIlf)'
p$OI,no b,""" ...d wllb. r 1consumption hldl.'U ""....
pelin,,,, (.). In 1929. II.. Dobl. Co. instilled m Sf"''''
In, G.... r:d MOl"" YeU_C_1l.

Du'in,tho m,d·19.lOJ., hiah..rad. "",I<" fods ,. '0 >IIor,
Illpply In the G•....." nu,d R.""'. WI"." Doble ",ked
do..ly wllh tho 11.nlCho] WOfU II K....llo InlroduC&
"D.mpfo!OlllbUiOO.- ... hICh could born f..n oib dOT;"",, r",m
COIl. On. "'''h bo. p,olotype Is !ho,", In F". 2. The d're<;'·
d,ive Ind r•••rtible ...am .ngin. d.'.lop<d. ,.. ,·..h..1

lorqLlO wWoh ..... ~"""" 011 'oad- ....ed. Ih." 'he compoll",
ICE ...ith 4..pcod "a"""wi"" (5).

MIlCh mo,e could b...id lIb""l Ih. blcl..-ound or ....m·
pow.,ed moto' ••hi"lol, butlh"", ,nt.,nt.d ""'y ,••iew
oddllionlJ ,of.""""d !olo"l"•• (6·91, " m.y tum"" 10 ""I.
that """" uf lh. "'o'u p..' .mbodied consldo,.bl. """It, .nd
w. Ir••1111 ,.I••min~ many of Ih. ,,,,,,In'"IIeIllOIII Mu"h
...gi....nn~ fOmlin. to be dOl'. bef",. Ih. fon polOntioi ..UI

be "'own.
DESCRIPTIO;': Of THREE POWEll. SYSTEMS

Dunna tim ..pl ,o<y wOfk, Ih. lh,•• connao'o" ......
_'oF lod lop 'hoi' own lnd..ldo.1 desll" .",,'nuh.,

';':0_" In ",,'en''- deJoA<llt. R.r.Jf'nCC'l ,t .lId of

~""'.



beh ,,,,,',,,e'or wriolllJy ,oo,id.,<d Of ,m""nwa,.d mo,'
thin one M.il",.nd IQ tho J'fojo>t l>tnoflt<d f,orn 'h....1,..­
tl"" "f. tithe. broad .., of ,1><Xn. R.cil"ClUtin., ,ot• .,.,
and turbine .~"""do" III tUeb«l tho p..lImltllty bench to"
It.-. A numb« of ",ktn. flu.1s OIho, "IOn WI,.t ......
ulminfd."d 1Qrn< d In loonch.t..t p""'o,pl.ntl.
.sn.... variationl of « ,roll)'l""". lu~;liltyd"..... fNd
pump", ~nd bllln.... ""'n' Oa '0 tho upon".. j""t 1"10.

Tho presenl <)'I""" h" • ...,me fatut.. la <"mmon. All u..
...>to, •• the ...<><ktlll Auid. AU ..notato ..... ".Im la f",oed·
citrulatlOll, ron'inuOlJW:<liI'ubulat Ito'm "I><.. t"... I'ln.1
«>nuol or ,ho " ..m t<mpoJllu" ill by the "normali..,"
prinri"". til wIIldt suppl.mmtol feed ...>tot I. iaj«tH .,lfO
Ib< lupo,h."tO'" rcqw,<d. Con_.iI by f.n..,ookd,
fln_ tubul., radtI,o... AI.a upodiea, III tlus ""O,H.,m
.ad.."",. 011 !h,.. bnan rotnrnI!'Ct.U)' , ..,labk mtd,i·
lOtiO ,u,omodc torq... ",., "., tmumi"ion,. la U<h e....
tho Irulln upoador (oallno "t tu,bino) do_ 'u"ltan.. "id
.~Iaa, idle. 'ltllil< I riet)' ofliqwd f..l. may bo 1IlIOd,
moot t<01l/11~ condocted "h No. I diu.1 Spocillc f..•
tUf.. of oach 'Yllom f<>llow.
WILLlA~ M BROBllCK '" ASSOC.· Tho Brobeck l)'St.m

".a OUtlfo...th or tho IU'Omalle _,obo It"m ~"'1OrI

and """,pouad·upa.n'on pilt"" .nlin.. dntlopod .al1it. by
Ooblo and 1Inl<r (I 0). 'Tht .........a...'", and i,a IUIOm.,1<
""", ,uk or. "",unted la 'ht or"'" .nll"" ,,,mpln,,,,,at II
lhe ,." of,,,,, b... Althowa In F... 3, 1M o,h., 'y...m.
tIt....all ... l<>CIted 1In1cloh,po und., the nOOl. All aa:eaory
and llIXi.I'ory unill ... bol, driven f,orn pulle)'lon tho forward
.nd of 1M .nll"" ctonk""", ConclotUO, fIn, ... ,.moI.ly
drivea by h~d"",li< "",to ... 'Tht 1larwnts>lon is. D....
SpOu, """,.1 ! 84 2..poed lo'q'" con..",.. unll. loch.. IlJI
inlO di,ec, drive It 29 mp/J

Al'l'roxima••ly oa."'! ....".' mil< "f toblnl" uK<! In tho
....m lot'."'Ot, "'Yin. ftom 0.50 la 00 In tho C'OOIOOmb:o,
...,tlon, '0 1.0 In 00 in ,ho 'ope.-helt... la ord.,.o ,ed...,.
.......... d,op 'htOtl'" tho ..n.ratot, ''''0 p","H.ltob. pltho
at< uK<! in the economlu, and ~t of 11>< ,"pontloa <"no
Th.,..te ",",..d Into. ,;nlk ","""o,ub. coil in 11>< r....1
"'p;>lItion Ind lllperh.llht. l<p>ns lIoth ..a..atial and
....I bllta., A,lnl ...... tried. whh 'ho r.",.... yi.ldlul bott••

raW" in Ihis ..n.rat'" confltulltlon. Tho bn.ner UIO'.

>lng!< al'-lIomi<inl no,,"'. with 1U,,,,,,"lt ....itchial omor'l
fOIl, .I....y..u,..: off, Idlt, low n..,.nd hlgh n,.

T'ht enli"" (..po..... ,) lw ,hro. dooblo-Kll.... cyhnckn
Ifit.4). Compound UpanDon 10 utlliT.td. with 0". hi"'.
"'.....", cylinder .~h.u"'na talo lWO low.p'....... cyllnd....
Man ..peelie'" lor Ihis •••Iy ""..-It••lIoa, a non..... 'libl.
n...d <u,,,ff..m 11"'" Is uK<!.

Dy I"<ltinl tb. aystom compon.ntl in O1.."nl"p""">, lbe
orillllial ,... Ioa e."",lly (S I pul.<a....) ...tO ..lOin«!.

L.EAk MOTORS CORP.. 110< U •• POW" 1)'S'.m dirr."
'tri.tinJl~ from lho Olhe, IW<>. ,n the .... of I tu,bin on
Ollpond<, All majo< compo"""" oro pIaoed in ,h. o'i.......
'01' """'po"....n'. 1''''11 ....,.... ty, ho...-•. ", .nl".. ,hil
oomponment boc..... of 'hewpe of tho " ..m ....'"tor 'nd
10 """"",modal< 'C"MII'''".

,

~.... IkQ..:ll..-._0' .......... 1........,. "'..... 11.
_k • .., ~""".)

u.,·, ot"m "','" f..tu, .. I r:odlll "",now ofthe h<>t
..... Ihtou&h 11>< t b""dl•. Du,b1s lhod...lopm<n'
period. _ral types or bo'... ' WOf. lritd, Inclndtn. V1j1O'tz.
lOll modutnical ",omlzjai.lnd:oir .'omllin&- Aftll,.. tomiz­
ina bume' ...... fmally.dopI.d .

So far "'" knOWII. th" ••hielo II tho Ii", in hiotof)' to 1><
....,.,.,.fuUy p,opelled by I ....m 'urbine. O<.""II~. this
to"'tn destantd '0 opo.-~,.on.n .I,.,n... wo,klnl
nuld h llf, chlflC'....ua and I m<>!ecul" 'ht
..••,., than that of "., [>uri"l boneh I"Iia,. how '. il
~ found thOl this nuld dot.rloflltd .homK:olJ~.t the ,•.
'fIIim! ...tin, tompe.. tu.a. S,.,m"'l1 11><" subl"toted.
WIth rodniped 'u,bill< nouJer,. Tho linaJ...t... ira!",,",,

'lItbln' Is flty Omlilin Ii", (... hool diom.,., S,6In) .od
,<>II'" II h'ah lpeed' (,,, 6S.000 ,pm). Reductioa ,..rin. of
H I ..,in conOflc'"lho turbin•.•io In Anilon HT·740 0 ..
>p«d IU'lIm'II<: 'ranlmiosl<>n. 10 I"" ,... 0.1. 101 1of 1M

""xilialin Ire abo d"von f'lIm 1M opetd·'.duCltll box.
"",Iodina ,h. fNd to, pomp.•wocondon.." flna, ..d tho
"",no. blow 1M ra1 >I,.nl""\Oat of 'Il< pow<'l'!'" II
iIIowa In ~·l Sand 6.

STEAM !'OWER SYSTEMS. INC, • Th. SPS powo,p1an'« II/
r"'U"11 fM:y1 doublo.""Un. c","pound·up.onllon no.
Til< ".am i. , ....Iled belWffn tho tWO <"pan,.... " ..
SICItJI ..1l<.. Ii,," i> by • IC,IOI.porolld ,ubnllr boil.,. wilh 1ft

.ddluOftll ""'lion f", tho ,al...t.8" relllporhcltiltc. Th.
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S m ..",_'.... 1
Lo ' ....,. Jbhoo' bIoO".
App'"' WI. II
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Of til. 1111" -.. '''" 1l1h. onl, ..... ,,, '.~n 'M onaln ,I
fftlllml_ (GM.A11l1Oll Supe, V) .nd ..p..drl.. ,u, ••1, I
II al<t> ,II< o,dy but "'l"'pped ... ith >.i, <onduu'fIln.

Two 'l..ir.,.nllon llOfI. w,.. cl'fitd to ,II< MIlCh '..
ph...,. bUI ....t<. lold l<mponnJy ...hen tin... dId no'
p"rmn _umcitnl de.",lopmen1 10 oIlow 1..1>1I0110n 101<> Ibe
buo. 0"" of Ihel'< ..... ,t.. ".. oHoOnl1ely _.llable oUlOff
nho< ,eal. ItId Ihe o'he' ..... 'he .hmlll.li<>n "f Qjllob,k,nl>
1. "'e _learn o~hnd<r. The firll of Ihote olluwed .nl'''" .pud
oo!'ufO! wi"'OII.' I 'hrottHn' ...I.....d ...ould be ,,,,,dueio. h'

hi"'-Ihemul dfieitllCY. Th• ....,.,nd """"k1.woMI. tho old
plolllom of oil <.ny......' In,,, 1M c(llld....., aDd bo>iJe,

TABUt.AnON OF SPECifiCATIONS· Tho Opt<iflC.11om
"f 'he "',ee pawe,pIanli ore <","p"ed I. T.blc I Ile<:.....
<(lflfi~,.,1on1d .....d IfIIny ,lmes du,ing th0I"Ql<C1'IIuICQ<).
_aluesli.en mlY d,rr.. (,om th.,.. re""nod In ..,ller ""bin
,ian..

r... 1 _""_""",, .....,..,"'. br S...m""_r s....... 1-.
(roml<»' SP$.lat·l

~. 6 !.oM ... po, ,,,'''''' .~.... .....-.. II,,, ,""'"..., c",
""..... C"", )

'.-,. a- mpoo.ft.." -.., olI<I no ...
f",m fUf of .. (...." ... Lo<r Mu'u" Co<r .•

"elm 1""""'01'. expand., ~;Ii.rin> Ind on.. or ,~••on·
a.n"JO,.,el"".,ed In ~od ,.., ..n!"" ."'"p.".....",
Th,... oddlll"",1 «'..d re' cora .t. locand und., the bIl.,
jult behind ,h. f,ont axle. F'I. 71t1owl,he.ymm llUull.
,~.

EVALUATION OF RESULTS

no. I«hnkol relOll, "f Ibis l"otBm I,e i,""'"'''' be<:.u...
lhey ,el',ne.1 .. early J>"int of dep."ute. lIpOIl which f"'u,e
imp«"emesllllfllY be based



,
T.bIe 1· U,\I,oo IJI<. MQ,d ,..,;'0<...._

I)io..',
lti...1. 1)00,,1. ""....... ,.. 5<..... ,-.

Gl.t6V·71' GMIV·7"· 'JOJ Vtl .- ~ $PSU

e..... ",,<4, 10 lJ,110 lU40 ,,- ",. 2Ul0 ".~
TQP .....d."'p), " 61(.0) 700(.) " " Slfo)
"',..,.Io,,';"n, ,

0)-10 .. ~h " '" " " ,.. ,..
(l-){l "ph " " " " " "(1.$0 mph " " .. " " "C""".b;]i,y 16" .t ''''.' "!lo" I."" -"' .... 7 ""'" Illl .... ,... ' ... >A

'N-SJ ..,..,,,,..~
"J<~ ;III"CIOr~

tDn".d .......
ItS,.... t • ..,...."..., ..." "'" 10.. r.. be.. p<>_ ".,'''',
h,ovo,dt;.c ,,.....-.oW.
(1)))',000 II> r" o..,kd ,..,.

CUMULATIVE EXPERIENCE - Many h""""fbe""h l~t·

Ina or ,he oyll''''' .. ,>'Cd. primary purptM of Md.buginJ.W

,"work, .nd odjullmem. 1";01 ,Q in.la11lrio<l. Anot/>tr
",Iulbl. C(>fll nbution l~ proc'ieol od"".,,,,,, ur a .ad,. 0(

....""... and l..,hnicl ,n ,.,.,lna 'MOlY 10 desip
Appro..m.,.ly 8372 mil.. or ".><1 ,..unl.nd publi~"moe

...e,. """"mul.led under .,..... .,0-' durin,)",. 1"""....
Tho 1000F" .i~slt trip WD by d.. 1.<&1 b.... 23s mil.. frClnl
Son F.."."",o '" Rono

ROAD PERfORMANCE. The ,-" porform.""" of thr
•' ••m.pow.,od bu_ .......milo. 10 b...... po'I"e,.d by 6<)'1
d'esel tr\&lr><l. Ob>iouo/y. lh. "".ro,mo"". o( --to oy.......
coold bo 1e.I,d U" N ... """"' .....d i( desir.d. In ""lUll
,....n..'<I'ryin ''''''., lbe 11._ bu_ oould U>U.IlIy
dul'lkl1<. 10 lho minu'" Iht lI..... lChod ..... Khiowd by
diesel """,.r

lIt~IU.. lorq <"""''''' lro d.lKlt mIlCh
,d••nll. coold ho IIk.n oI,h. ~ry f...,.1blo 10''''''' riot.
.nd hl....'011 lorq........d ,.,..n,loI '.t.,din! offor, inhor.m
in " ••m MIll_.

RIlId ""rfomwlC:O doll of.........,... djo,sri 1>usct .r.
",mrnall...t i .. T.bl. 2.

EMISSIONS· So~...II"""'.'. mill. 0( tho ubl..., .mi..
""'" ofd,...1"I'''' ".Im but<I by "'" Cll,fOlnla Air R.·
_,UI _,d TlbI< 3 i ry O(IM .....11. ",hkh
continn rhll'ho U,",nol comb """ .nsino (ECE) con
p'od"". '.1)' low uh.... , .misoionI ..... und.. 1M hlndk.p
orlll"il\c:... ,1y hip' fu.1 r..... All " ..m bu... u,Uy mol
'M 1975 C.I,flHBla 1it"')1 Du,y V.hldt SI..dlldo. nne
.....donlo hmll co<m~ '0 15 ..wpncbh,,'h on<! com·
b",.d 1!C....d NOx '0 5 JlhIIfl'h Of,,,,,";01 ,n'.rOll i. ,h.
(IC' 'hli ,ho d .,• .." oy".m .min.d r>nIy ~ NO.

II thod......' d 1 tea,.d. It "'ould be .mph.,;..d 'h., Iht
di<od emi";on '''' ,.....1....' blSld {)II' 'lIldom IImt>lin.
(IC'm ....,U..".iouinod fIoe.., ...d IIlI)" '" mO)/ nol bo ~lypkll"

or di<s<l .<>pllel .....'oIly.
n.. Ait R......"'.. Boo,d u..d I... p,,,,,,,du,...... nich will

T.bIo J . hho.., f 1_.. S........... u....1h .....
' ......C,_ pol f .._ bIIp-~

ro OC NOl "" 11('. NO:
S..... _

IINbel:t:(.... lo-lll " " " "__ U·U) ,. " "' "L<.,I'olll " " "
,,

I.n.-(J-lljt " "' ,.. "SP'$ (S-71) " " " "S!'S(I-71) " "' " ..
""''''''' .. "' " "_~"<1t

,,-<" "'11 1(;)1 ~\'·11) " "
.., '",JTA _t(;IHV-111 " " ". '"Nl/NI _IIIIIGMIV·71/ '. "' •• "SC~T1I .llil (<<IN, 903) " " 10,: W'

" ... d..... 0 " 10,4 ".
COhrot... _"I' [)O" SWiclud.
I'll '" "191' "

,
" po,f",_d !>l" '1M C.lIf"'n.. Ai, Reoo.."",. Bo..d
". NO, _ ...,.~ ., niH" ".~ (NO}.nd ..p,.",~ "

"'.Iv.....'N0:
'Tho .._ l<at ,.., ...... ",",,,,,,oi,. ,,' ''''' l<"~ ..-I,n."

i......,.... (I'.' "'" or".. iu~i NIl< ""'1\1 be''''"n """
11 Dio..1,_I" .n 'rom ..." lImil.~ ..mpllo• .,( II-...,n,._"

oeIIrclo<••1I<l ..., ..., be "p"..n"".. 0' "po",I"' d , "",_.
In """'" "I""'" Bu, <Ie..... ,,~ "ST"" .... k.."",. O} Sotn""n'<I
T,n", "",I.,,,,,,

""''''''pIny ,n, 1973 Ind 19"1S CoIifo,m. IlIndo,d. for ho",)',
duly .,htel.. ( (2. 13). Tlltr" dOll ....·'Ib. rluJoit
dy.."n,,,,u,.. , ... "h emilloiom mplN dUll". 13 ..p.....
IleadY'llm moou 0( 'P'.d Ind loIIl, i""lud,... idl. ....nil<
'o.d·l""d tr.nal<""I11 nG' incl.dod d.rin. ,"",pUnA i.. Ih..
p'.....dutt . •ny ""nsi,,,,, dl>O to boHt' .ad humo, '"1'''''''
'" n<>ld Ih. &loe" 'Old 100d.11I 1"'"11"'<4 1"'0 lho !dU11I

All .mll"'>n. '''".,, .....11 II moil 0( lho ••ptnmon'a1 buI
ope,"uml, "".11 mid< ..·nh No. I dIOse! fu,1 With propo,
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" .. .. .. .. ~
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All " b7 o.k/",.Lo l\lJhoy r.".~

Mi<roplloM , Jl'i'<O<I .10"1_ u.. ""'..... y. ,""k di,,,_............d f,o", ,,," ..."',_ of polk or "","

T.w l In'''." s.....d \.00..10,,' 5'....... UO-II.-

I"'........ ~ .....
A<: oIi1l,
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11\;11'1 _Hot. SCII.11J .,,1.3,

"ob<dr. ~ ,n GlolhY·71 t.lol'\' 71 GloIl\-·71 000'- 903

1,.lIlh,""" """"Ie,.' .....
/II" P'I'"" o. oj»lolft
I ,,,,,, " ".S " " " " 7].J
('<.,t! " .. " " " .. "- " .. " " .. 11,5 "'" ...,-, " " W " " .. W
('<a'" " " .. .. " .. "- .. " " " .. " "
I;()Tf

AU,...... " ""._ 0.0001._'. -,,- d "",Ie
............_1> by CoIJfom" """"or ,•.,01.
101_ ~_ "'" ~"', Df' y 110,__ '100 0"''' ,hn,.' ,10

odJlltlm..n .......bu>tion is 'lr'''.uy ""01....... Ito,...., ...."h
lmproprr con,JD1 """'1". p"lb or ''''''US1 ,",01<~ 10." som<­
',mn obsoe,..d durina k>ad cll.onl:"1. Lizh' <>don ..mini..,n'
0( 1M lu,tH,", OJ jot ."Ii"" ...haus1 10." oomeI1m•• no,.d.

l\OISl· Th. Californ.. lli~ y P.'roI m.d••urv.yl of ,h.
_lid Ienl. bulh Imid. lhe bu nd in th. n...·fj.l~ ool<id~

",,¥llOI\IMnl. Tho foilowi"I"SU _'. m.d.
I DII••·by. l'ull.lbrolll.,.m, A mio,op~on. 10" placed

SO fl f,om 1M c.nl., of ,h. lO.d....y I,,,•. i" ""'Old.nco with
SAl! Reco'ltm~n"'d l',,,,hc~ JJ.66•. A. ,h. bu••pp,,,,,ch.d
th. mi('c1p!l(>n, poshloo. " IOU .cc.I.,I ..d II [ull,h,oltl.
"';,h1n. "",~d ling. 2().JS mph. Suu"d " ..I..... '" m<a<U,«l
In l>o'h di r<.';(>n' "f n...1

2, Sunding 'U'I>. Wllh. mk'oph"". pl",,~d IS f' [....m
lb. ctO'" Ilf 'ho 1.0•. ""uod ,...,....",~ l.k~n roBl.1 .01''''
Idl. and lh~n und., [ull·lh"",10 ....,I<'.li"" f""" • " ...ding
lUll Thll p,ocedu~ 'pp,o.im".. the po,«plkm of. by.

"and.. "u,. bUIIl"P
3 Inl.'io< noh•. s.o..nd ,...11 lok.o .1""llhe ctnl..

lioo of ,h~ .ill<•• , lhe f,,,,,, ...,nl~' d "It 0( lh~ bill.
T~II '.whl.r< wmm.m.d In TabIto 4.nd S

Th. qu;"I." ,,~"" bIl. ","l.S.' 0 dB qu;,,'", than d....1
buwl du,'o,lh. SO fl d'i",b)' ..". Mor ........'. Ih~ quiel<1l
" ..m bu. In ,h~ IS f' ,••1I(llmul.. in' ...."b tide, ..·.. 6-14 d8
qU",I<r Ih,n "" q""">l die..1..>l.d On lhe "lhe' hondo
in I..lor sound Ie,'.l, ..... ,. IImll.. 0' h'l!tJ~, "'on "'"..-I III
.... ,.1 <'j,t\ IlIpPU" Ihll ;nl~'101 _nd 1e..11 may be ....
nu.ncod •• much by ,," ..... "'U<UOll of 'ho bu... by lhe
ch.,..,.. of the p"we,-pI..1l

Th~ Lu, .)'".m .mlll~d • hlltl·r n<}' IOUnd
a..,,,,,,.,i,,'" of '",b,n... II II bob d 1h.1 Ihc l..n"",n.d
.od ,.d..,.d .o"od 1e,..11 of Ih" ,.Ie. n_ bllh<' Ibon
d....I. an be ..dueod by le<:hnlqu•• '''''I 11.0..~
.>lICC<uful Ill'" lu,bIn< PfOl.ll<C

FUEL COlooSUl>lI'TIO:o.

The do""""".""" bu,,,,. in th. p~1\1 .101' of IInll,.d
do••lop"",,,'. h 1 "fe'Y hiah fu~1 ,"""oumru"". The hlah'"
allis< fud mil of Ih< B,obock ""m b"l 3.j nlPl11
.0 mpIJ Unde' <he IIJlI< lOll c",,<I;li""5. 1 di 1bu, <on do
•• 10,.., S. 10 mps. Undo, ..,",1 1I1>p-.nd·tl 'Ollte ,ondllion•.



hllk' ....,O>ooo..I"Io~"rSt..m '"~ 0... _ ..
f'w 15.000-)(1,000 Ib

'" ,. ev....1a>
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Leo< SI"S iV·71 IV·ll 90) v,------

n .... r"'I .........

••
10 ..""

,. .. u " "JOmpll " U U 10.1 " U.
~.. " " " " '"~S ..p11 ••
'O ..plo " " " " U
M•• U

ldlo rod _"""...,.
" " " ., ... ...

lu,_pi<> at <vo,. '-t---v': ~1.1o<oI " U,
MlINl.31.1o<* " US
SCMTD "'1,10<* •• '"

"urn" I) $.1 ",p, ....,no..d >pins' 11>< <lir..lll 2.J.J.7
mpJ. (More d,arKI.ll.llcs of .....b ,wlCI will bo diKu..,.d
I.,.•.) Th. Idi. fu<l .""....mpli"" .... J.2-4 7 p1/b fo<
•tum. ~'SUI 05·1).7 pl/b dif..l.

Table b ..~. """" of lb. cum!>".,," '1>111"'" "" fu.1
t<JnlUn'plioa.
~ 11\_.1."", 'Yst."" d,d no, ",hi''''p''",f", fuel

<onsump""" (sf.) H bill> al do"""'strol.d po",bl. do,in,
,h. Dobl.·Bool In Ihf prfW'" p,.".... I><""h t ••"

y",ld<d de u dillJl I 0 IlI(ne, bhp'b. Rd. 'ei,... bu.
ufO.8\ a".in<d by. Dobl••np,o ,n 19M. pmumably b.,.d
Ofl 11"'" upond<r oo'flU' (0.93 p<aIble. if Ofllh. buI. of
not 'Y't<m ou,put). The nuny '.._ fOl ,I>< _",
•"ce";•• fuel .. I....nd ,h. h""" fOl .....Udo ••bk future
imp,,,""""',,,. "'"I bo ,N.n In. 1.1., ,.<IIon.

QPERATI:<C CIlAII.ACTERISTICS

0,;..", ."""ob "" alii".... "".. a"onl"d 10 I>< .im~ .. Of

,denticall0 "'" 0<I1I"a1 dionel b Thuo included foot
"'"mi•.•1, "'ak. lJfodle. and f"' 'd- ... utrll ...'.'''' ..lee,,,,
I.,." In .ddl'i"" 10 tho o"lIinal p.n<l of in."u"",na, •
1O,,,hom...' and .....m-preuu ""'''' ll>l;luded. '''i"th.,
wi'" indicatu, ligb" "lIlifyin. po ,p11i1l1 «Itldi,lofU or
IMlp;'n, p,obl<ml.

All n,e-~p p,o.:.dure, ""'" conlt<oll<d f'om .... d,mr',
.... SuffICienl.I••m 10 'lo" lh. up.nde, em I>< ,...d
Wl"'lIl& IDlIlU" f,om. '<>Id 'wi"h-on. Ca",rul """""p of
"'. up.nde," thm ....dod In th..... of "'" ruiproatin.
tlnI..... ond this con "qulrf on additionll 2·5""" The I.e"
,~,bi"" may be IWI.d ju.... ""'" .. sl••m is .v.ilabl<
All ,h,.. JY".ms 10\&" bo d.i>fn. f.... block, I><fo .. lhe ....
111< s}l",m II lip '0 tempe..tu.. ."d maximum pu.... t be-­
<;omn .nil.bl<. Ona- Ihf !","-rpl.n' i. hoi. I' mly be
re,!>n.d wilh!n I motte. of ."""do.nen .f,ft a lap.. of ~p
to 1/2 h

Whil< .11 ,h... PO""" ,ylt<"" .rnployed .....don.." fo'

,
"'" , ry of ....1... no... "".. compl<JeIy .uled JY.terno.
By ""' of ",h.f ..11'<'1. ex~u. ,leam exban' could I><
"'lined undo' 100<1 rondition. on 0 hot d'f)'. The bu.,
"""" .dequ>fely d <""den.." ond .umaenl flill1>one-
po_'. which should h"'" p,...ided. to\lrinl JOn,. at If...
.q~1I to • ""'mal d.oy', ""","lion. In ptocli<f. ho..--t, all
rho " ••m buIet..,....,1mu f.ll oIIu" of "'is 1l"1I. EIII.., in
'b. p,,,,,om. Ihf B'obeck 'Y".m lUff...d insufficl.nl ....te,

,.... "".ry. due '0 Ihf conf""d "'_ in which Ibe .onden.."
....,. mOUnted. La,." 110""-"',. Ih< """,n'ln. <""fl.","ion
wu .h.naed ond onolhf, <o,,,I0,,",,t co dd<d.
.pp,.cl.b1y .ddlnl 10 'b. WIll•• mile...

Th. _tc n." 'cl.... f,om. RIlfId -.cyde po....rpI..,
iI'pp'fClonly .....tc, "'.n "'"' oOCE. Th.",fo••. muell
COfISJ<l< ..1I<Jn h.d 10 I>< aI••n 10 dirf<u", "'. hUI Iklw
.....y from tl>< po....... <umparrn..nI .lId f,om by<unders.
In Ihf fUIU'., mIlCh th"".u ",'UI nO doobt be p.on to
p1ocinl; condon.... on til< .oof,op of 'he ..hid•• with bo'"
<omrOrt md unirnpedod .i,now in mind

SAFETY

Compl<l. ope,.'ional ..f.ry ...... fi,m ""Iui.."",ot In "'"
domon",.tioo p,ojec' Co,.1W .,,~ilI..... IiIld connol
we", ...rd..d dutln. oil ph,,,,. ond Incloded de"... ' ....Wi.
Lobar.IO<)' p,oor.IeOllni!. ond f,equenl ift..rvlof lnspechORS.

The followlnl oru, of .on m .nd .nt.ti. opplifd
1 v. Ofk'f11 nuid' wnich r< I""ie. n.rnmoblo. Of u·

pI__,. 1101 pe,mllted in rbi. pm..am,
2. Th. ,team Fno..'ors we,. I.qui,.d 10 be of lnhelfnfl}

"0fIt.p1",,•• dest£n,.
3. 50...'11 ..fcry lio\;tJn,IIeYlCCl ""',. u..d. fU<h ..

p'uIU,c."d "'mp<ra'urellmh .witche, in tho aUl0m>lic
,l.'m Fn....U. conlrol a'....... Sof..y n.l......... oJ",
u..d.

4. Limltinll"""mo.. wert opplifd '0 p,...ntacciden••1
..pander ""e"pud.

5. Fl."", "n",,, we,. iOltllled 10stop rllel Iklw lit ....
<won, of ianilion r.~u ••.

6. Driwe"1 <OIIltoh we,. limplilled ond "",de • limb' o.
JlOlSibie 10 thOl< of ....."Iard d,...1OOL

C"""",n Is _lln..I ••p.....d "Ptdinllh< poulbni'y
of "boiIe, uplooioou..- In lbio ploje<I, 1111", p,."uriz«l
......b ""'.. "ot pe';"m.d u""o>,.no.."n,.pp"'''"'.
llene<, .....dden uploJift "" .... uf lh. boile.·. "'.'IY
<onl.nlls nO' poooible wi'" Ihf dool odop..d '0' "'...
00..1. A rel'lI,cly small -.., of om .nd ....... il
"",nnod to • Ion.. toiled 1m.'" ot lublfll(FlI-I). 00 •
n~mbe, of occool""s. tub< failu,•• did OCCU' on "'•••pe,~
""'0[11 "e"", Fn."''''L The" oa:u,,,,,,,," p.....d to be
incon "l<ne<'..."'., lh.n p....Olin•• bu..d. IIe<:ouoe of
lb. Lor h " d~el. " ••m f.om. lube fallure would ..",
1ur,m1nsiy '0 "lllOSphff',

o...raII. ",j'" JOOd dolian p,,,,tlce ""d .areful _,kmon·
oIIip. Ihf po.... 'lll h....d !e>-.I of Ihu. ,y".ms wUjuda<d
'0 be ..mil.. 10 "'or of p' lu,llme.. in ""ich lor.. quonllU'1
of fu.1 .'" bu,...d III rombull<>n ""!SIde of tho '"<nil ...
block."
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~ Jl />'0
,~t"'. ~Jl.OUUOC:'" I't:JlClh-"

1'",.., .s..lb<o<M.. .,_-.,__...
f1p."'J_ ...cT...... 51__"" ...,., ...

¥doaty. oc:cdo..-. rood ",_0" rood Ko\lfPO=U•••
&;J>e rpm. IOI.Iiiu<II'f'IP'Ibioo ....,ID'. U>UII"",, bnkoal
....,D'. fuel t mp_.lale'lor ....nd I<od, ... ,......,
pbnt YlNbles, 0lIdl.~. !emp.,.tu,", .",.

The dall"'''' 0100 fNlyled IIy ltaw.tical thodl, fOf
_nt .........nl. SonoplII ~tI '1u41n
F.. 9-12, for t_ """".linf typn 01 "",t. The~ 01
..... P"Plo'" ileeo _'n.d 0lIdl ' 1.!nW'II.... fi,
to the do'" "'P,nmtll C III nOf dnm.... tlon. The

.....mplion duol """" .'" tito as IoC<lOlelllion. rood ••dien'.
IOd ""'lePOW' r<quUnr.ntl 1M)' be "pp'''''imaleclily •
Gauuil.n di.tribu""" opptll' MIl founded. Ve\o<:.ty. '00.
.,., 1M o;:hlloo,.riud lSI C_ "",mol di.t"""I""'. ""',
only ,flCr 'rlnffo'....';"n '0 1000 "'d ...Io<:l'y

An .....mow l>f some 01,,,,, mlrltlCritlla 0( ",•• ,11 01"
the ,oulClleStecl .......n In Tible 7. It Is int.....dnl to
oboo..... for IocII rou,'I. Ih. low ...... "'"<It, 1M 11th.,
1"""'0'''' powe' "''lul'''.....nt (but with I topeo:lty f<lf hit/>
",,"k po..er bel•• _ded OI:<IOion.l1y), Ind the Ill'" r...,,1on
of propelllni 0""D' ,hll is ul ~mololy dl..lplled In b,.kln,

f .. ' "'-_.t._._...._._._
....-. , _1"· ,10.. $ , ....__...... _ __ ToloooI" _

• E =',f.. ll). n ......... '_Sf'S,W)

CQ.'o"TUCT UIUlAN DIlIVll\C CYCL£S

" __ ' • ·_ ·_...... ' ....·"lU.1l
f... ttdldr._' ,.,... nUll I 1111,.-410.
__1M...1Lo'_ _ ..,..,u _*.-
.....ofpo-.~_ <'Ydo. How .....
_ • .".ttl II i6.ad allow ,",,' kMk' "'ho.. _ ....
_ .. pnlIiln iJI to of roM ......1:1. ....4. IOHI~
...., no- c:UntlO'__ bo ........o0oi

• 00'" 1O..-piII. " ......blt .,«ot,n:-. .- .clf>.
aE-. ~I<J_for. Of.............__
____I-. nu _lloootd .._. npo••_,

_'. _ •...." ~ h dow""' ..... IK
po; d ""...,...= ..u.1'dy ......ill. 1llil. II
parllCUUriy ,............. ' .,...... oy.ltm __

..hl.la.lial ....rbd ~1y.OO rl~, "'" *,W frGnl._....
or_.1)' ..or., A polIIiblt d ,._ ..... -.. fIItuIC
""...,pI..1I wooold lot lIlo como....._of_ '" ......IY
_1l'IIl) Md by .... boom

OuRlllIht of.. !"'¥Co, doowl- -..I ...... ' 01
... _,, fill" willi ",",taw. ...''''....n..l'''"' '00 _ ......
.- _ ............btI ol"""'-lw IOHI "",U dur-....::s.
AtE """ .""leI (ex "S-u of lOUin) ..
..... willi .COIIt ....., ball", P'lY..... of .SOOI~('.p' ,.
~ I pulilll k-..I of 30 p-wn..,,) Siowlf,...s pauen..,
"._...........,location'w roo lho ......_ ......'d.....m. pI""""" _)'I of ,,_=..''''.,1)'..., ....... 1bo
drift• ..,.... othe••""" .Ib;Lo.od by lurr", _dtu.-.
ArlO••och 4."""1 cydo In,, tho portable ._dl".......
.....ttl _ ,._01 ftom lht bin. IIId doll ....... f.d 1n10 I
~Ie'. A delll,"d ......ntlo/.e.;ord. Ul I!Io ro"n oh
"""'P"I.' printOUt. deocribed dllllC\If,i>tia rcA tho ,OUIe_
.....t tbe """did In roplnl .... th _cLtloll. IIonlth. 'OU",'

Info, .... lion on tho p<lntout. Included the\lf .....IIU'.d 0'
comp,,,od.-.l_ for.ach "''''. lut.d d.I.11IlOf 1I.nled,

'Two po"".. (I •. 15) ..... lho f.llonol. wd p,owl,",
"led hl deIC,mIOln. Ih. """,,".11n of ...hkulll d,Mnl cyd«.
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Slo", po, .... " 'M .. 10,1 ., ••
,..,....,.". """ <lId.. "

,
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" .. " '" •• ..,
lU, _..,....... "
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'" '"

., ,.
......r 10 ..., .l>oob '" ,.. '" '" ,~ '"A...~'o__ 14.1 n.' '" ". .... 1U
T..., ...~ ""'-<4

'0"""""_". •• lU 1.,1 .., n. '"I ..."~ <11_..... "" Io.k..
.nd ,....dmI. hp'" '" '" " .... '" U

I "'" mU<qo ....,.......'. ,. ." ... :.l~ '" .~

1.., ..,It... "". '0<>",'. '" '" .. 0.'1 ••
!'on,
'."'''.'' .. to,ted ~"h d" .., ,.......""'" "«1" rot _0"'" .,.... '"PII
£0...... _"." ..-c. <':>1 6\' 71. lolUN•• Gloll\··lI.SCIlTD.OI...... JQJ '-II

fur '''' SS~J Tit< "'''',"0,,01 rIK'_ of the ,ime 'ponlal
,dl." 01., wonh nOllJll.

Rnli>lk: d,ivillll erel. dOlO can be ."u.moly u..fuJ In
m.fly y.

I n aid lu "·""nl f",,,,. po.... 'pl.nl"'••"rlC.'i""•.
2. "-'q,ound l.fo,ml1l"" In f'OM,plrIR' dniJn.
3. 8". du,y tj·e1•• may now be '.p,,>d,,~d In th, <nil""

'''' 101>o",'Clly M",.lr\IC'. po.... , .y.tem ptOpollie. mil)" be
"muJ.te<l by compu'.' r", op"mlu',on ""di.L

4 Eml..."". undo, 'Olld <OIIr1Itlon. n",-y bo oolo"I...d, ro,
''''10''''. <>II ,~.., bail. of p ..... PO' v.hi<:10 mi";on Of Iflm,
pot p....n,., mU.

3. Th, benoO" of '''C''''"If or brUunI"""1Y moy be
....S><d

SUMM...RY OF I'RESENT STA.TUS

V.h,d.. do..Jopod IUldor this projocl ,,"ldI.d ,. po,lallon.
ro, , d po,f<>,~ It b., boen do"""'''fll.d Ih., " ......
P'O d bu,.. can mo.' Ir>caI ""'"' ......<luJ., ". Ih. minut<.
",..1.""<>11, lOp spe<d. aJld MIl cllJllblna h... bc<n "'own 10
.w,,,xlma" Ihlt of 6-cyl d....11>0"". ""Mrplon' """pu'
<wId be .ClI.d '<> .q"allkyl dit ..I., If'dou,..!. Exhaus'
.mi..."" ry low, .nd C',"lfOfllbly ..-, tho 1\175
CalIf"' tin>')' Duly V.hld. S'andords. R.ducu"", In
NO••", p>ltic"larly ,."",koble, "lIh a u.,.,nfold reduo­

li<>n "".. til< ,..,,,d die.l. h.. ln. be'n obs<rved In til<
oleann' .1• ..,:, buL S<>me of til< t.m i"dlc d th.. the OCI!
c.n pr<WIdo If'"'' quia,_ and 'n>OOthn undo, all



'FU<i ",,"II lie only .bou, n or ,he lo,ollnn""1 ~o... of
u,b.. IratI>pOrlllion I)"."", MI""enoncr "......,e >round

",.

E1h 11 olwlt>o>ly .1 ....)·.10·.,., ,n ,'1100 Ihln the drlCII'''''~

or ,h. ldell'h...n<><!ynlm,c <:yd<. E,. un.. the ideal q-cl.

doe. n"t lake inlo .ceounl h..,u,,". 1''''''11. Ie"""",, 101<1<.
",;",011'''''00' hell 10..... aod th. like, Vllloe..... "I flit III

.,bilt.ry cunopl. of. Ihnkine <)'d. h..... be.n cll ,."d

""d p10ned on lh< oppe' e""" of Fi.. 1J TIle.. _II ""
...n '0 in«.... when I.mpe.. 'o,e or ,1M: f.ed "un, II In·
c,....d (Tbe <lleul."on. we" b...d 01"'" SI"'" "' III
inj,joJ "'..... ,. of 10l)) p".•~p,"tled 10 20 ,,,,... mltl,1
vol"me in IIlldell n"lIlde'. Ind IMn r.,urned '0 Ihe bolle,
.. conde_d ....1.... 200 ~',)

Tbemw .fflClrncoe. th., can be ".h"d III "r.~"....e
1110...... In the i1J><Ird ,.JlOII of F,.. I), For e~''''pl•. if

" ..m "' sao F_,e oMd.lhe "luI ,,.d. em",.n.y would b<

wuuld nol b< .. dlffi.u1t I probl.,n in 11.. , ope..uon... "
would be ..111> p" ely "",...d 10tllmQbilu.

Al the ...... 11 much "'(t.,do ..ed. 10 he "",ed f()r·
_d if 1M 'pp<op,1I1< '"b,le,nll.....,.Uu'lY. ""'rkin,
O",ds. Ind .",,"01 .omponen,,"'. I" be ""dy fo, the EC~

oI,ho ro"".
AN IMPORTA:-'T VIEWpoINT. \\1010 ,ed"""", fo.1

<:<:>nsump,1ooI tnI)' ""' linlled 00' '" '1""1 of hiJII p,,.,,.i,y. ,he
subjee' II Impo",n, ro, ,._ ,,",yood I.. imp.., opon
ol"'lIrior1 <"OO'l· A ...nt nuny ""......n..... would be
Imp,,,..d If the I:.CE I)'"em thermol cff>elrnCY M,. ,..,.d
SI.omr eum"l.. II.

1 Specific emi...on. (snmsor polluwll pe, hI' hl""""ld
ho de !<d ...n (",the•.

., Lo , .",m """sumption """"-'d "",," me ......l~
....IJh Iof Ih. !:>oil" Ind conde"",

), ","hen the ",,"den.. , load i, ,ed"""d. """<1<,,.., fl"
pon! "qui,ement> j!<> do ..,". Th. ,e...l1... , ~""I" PO"""
'eqolremen, then ,.n"" bock ... f"r,h" Imp,,,,,,,_n, in
.,..,Ill 'y"em th<rmot .m.ion,·y.

4 R.d"".d fill PO""'.oJ", "".n.III e.." q"",,, """,e,.
pl.nt.

S. E".itonn"n'ol h.-, poll""",, """Id be dm\ln""'d
lie..,.".. of lhe>< Ind o,h., ",,,dll in,erI<U""'. i I _Id
~m impe"'",e loulmlne lho way. In ....'ich f... l.on
"'ml'"00 <In be ..d=d. If""" <In b< con.inc.d lhot , 1
<"""'101'11011 <atI be .oolluln'o I; ,h." th.,." In n
ve".' ju.l'fk,,1on in oonlololnl l""...n, ",,,rk "n
R....kine..:ycle I).".....,

RA'l;KI'l;E<'YCLE ntERMAL EFfICI£,"CY Q...."lOn•
,epnl,"ll'hc fuel fCOfIOlIl)' or Illy powe' .yol.n, moy be
In.lyzed In le,"" or lho I)·...m·. the,m" emciency. If.
po".' ,y".m""f< placed on I be""" Ie". the .,..,011
~,.,mol .mcll''''')' eould be "'t.,mined ""nlth. foil"""".
",,,,,,,,lIul'

".",'in, rondati"n 'hen <""'pored h) d ....1 po.... " .11lI""p
Interior _nd 1•••11 dlffkuh 10 I.du«.

T.... WI of the three "".... , 'yllen" "",e 1I...ie, than CUI­
venliofW d.... II)·.,.'ns. and "". (LuI) ...... Hainer, AU
three OlXUpiod moo-e space th,n the ICE. Boca".. the ...... ,.1
tin...",. could lit Rplntely loo".d, ho_r. il ...;to"'""",

lilll paD<....' lopKC n..,d. nl>l be diminilhed (Brobeck).
Fomlh"lOld C<JllYenllo,ud dr_,', conlrob wt,. o..d, '" l/><

_d fo, lopKiaI dr~r in"",,"1OfI w.. mjn,mi~d. Spoci,l
kllo.Md" _,equifed, ho_,. for "'" powerpl ... t

malntenanc< All th_ 1Nor. _re .....d in "'Yr"ue putrnl'''
..",.,. . ..,d .... ,. "'.......m.1C'd 10 be ulisfac,ory ,n ,emU of
opt,llional ..rely OIHl_nll'" comfoll. l1It SPS bu.
Ind"dr. IIr eondllJOn.ull. eff••" ....ly dri..." by oh.f, po.... ,
..ken from Ih. mlln nl'ln<ler.

I, .h""ld b<' ,0"",,,,I><..d. how..... thaI w.. ron'c"ed
bI< ......... <>Illy lnten<led f", 1110 '" early do""",.tt.,loM 01
pol<n'i.1. ncy Ir. nO' p"'pmd"""011 p<ol<>lyp<"l. (01 ""••11
enS' ,,", d<.elorment would bo ,eqlll",d bd_ oudI
po , .y"."" could ",...mc "I' '0 ,he llatld.,4,of 1M
I<>nlil Indumy In I.,,,,. ur p,..,hllin" ,<li.bihty. Ind """III.

.... reo."""y.
The f...1c.""omy or ~l. 1',...nlll••m bu... i. pool' ..hen

romp>l<d '0 ,he dle..1",,"CI. 'hoolll 1M d"'''p,~' IS n,,'
......, if .um"".d ..'I,h olhr, ncdgllnl.y"enu ",do •• th.
PJ ,,,,bine "nd ,he 'l",k·il/ll'k", .nainc f""'d ...lth
"",ural p. (16. 11), Mueh un he don. 10 imp,,,,,. r...1
KClf'O"'Y.n the Ee[. ,nd thl.",bitel .... 111 be ,o''''hed"p''''

in Ibe nu''''''''''' or 'hi> ",pe'
.u wlth Illy ""rln..n..] tIov~I.' VUI de,1 orin·

speclion k d m>,nl<n.nce ,y in ,h. n.ld
de""",."••i"", of the.....hicle.. 11..1< led lOme "bxru.. ,,,
bel ..... thOi .l<lm enl""'"_ld 01....,.'. U'lulr. '1'." d.oI
or IT\I,n'.''''nee. bu' IUdII <oneh",,,,, is ",,'tainly nol
...." ... ted II ,h"ellly dote.

AI ,he p'eim' nOlO. 011 th_ bIlIe. h>\-. b<cn "",.d f,ol11
10;11". p.It."..,..,••ryin, .. ,.ice. atld 0.. beinl,n.d ......

"""m.nl., 'n' bedo br the c""'<xlo....

l'UTURE POSSIBIUnES

C ~NEKAL OlJTLOOI( . \\lm the Eel:., th. "",bltm or 01,

poIl,,'ion .on1l0l ""n be 11Iock.d It ' .. '0<>". nlm<ly 11>0
phy..", ..d ch'mi"ry of the oombu"i"" 1"0«". 11 l1li)

nO, be.n .uIF,"n"" '0 1111. thlll "",1I·pe,fe"l<d 10('[

would hove th. "Olellli.1 or be"'I" "Ie.n ",. r.,.l·bu.nln,
cnlln< n'c, .." be. n.. R,nk,n...,yd. FCE..... h III p<>I

gblli .... fOf ••""",'h. '1,,'el oppliclli"" or hl"'.I"',!,,"
propell1". .n.'ID".... no••n .'<:ellen' <.nd"Lo,. f()r lhc ",bm
~hicle "",,"'in, unde, ""l',"nd'r<> c""d"l"u •.

Some j'c," "f p'OJre...... pe,';"enl.•nd "ohe,enl.njli_,
ina .....k..,n be "q"l,.d. ho ,. b<fo.. tho liCE io ,.,d)
fOf ..ne,allpplicluon .nd JI'In.. Olwiou, ..... fo.-
tnlpfVO."""" I...J"de th"'" or f".1 eo""omy. ope"'inl
l<liob~il)'."""UFn.. "lNIlbouo.- leohnoiosy.•" tom,ll"
CQn,toI nd imp<owd lflnuniu>o)nl. Winl<,j"ng mobil.
....m po 'pLon'lls OIIOth"lmpo.-u", ."bl'.l, ,hough Ihl,

I:. • ,,-<!o.oJ ne, OOlpu, P""'!'
,h K... 01 foel ""'I)' mpu' '"



~ so
z
W
V

W40
a

= 30
W

V

~ 20
W

■■■■■■■■

■..~_

' 
~

~~~it

■■■■■■■

J

10 ~

W
Z
t- o

eoo eoo i000 i2oo iaoo ieoo ieoo 2000

$TE11M TEMP, DEG. F

Fig. 13 -Range of ideal and actual Rankine cycle thermal efficiencies,

as influenced by steam temperature

around 28%, but Eth of an actual system would be in the

range of 14-20%.
Bench tests of the three nonoptimized bus systems showed

full-load sfc of 0.985-1.181b fuel/net bhp•h, which corre-

sponds to Eth = 11.7 - 14%. These values fall somewhat

below the E~ range given in Fig. 13. This is partly because

the ideal cycle efficiencies were less than those shown in the

figure, but mostly because of incomplete expansion and very

high parasitic loads.
When installed in the vehicles, Eth suffered even further.

At high loads in the buses, exhaust (condenser) pressures

rose, while at lower loads, parasitic effects took a propor-

tionately higher toll. As installed, the systems could be

characterized as Ei = 25%, and Et11= 10%, approximately.

As presently will be discussed, many potential opportunities

exist to greatly improve upon this state of affairs.

VEHICULAR EFFICIENCY AND FUEL ECONOMY -What

really matters is the overall vehicular thermal efficiency, E~,

in terms of power actually delivered to the rear wheels. Fuel

economy, in mpg, is determined primarily by the powerplant

efficiency, Ems, multiplied by the power transmission

efficiency, Et. Values for Et can vary from zero (a hydraulic

torque converter at stall) to numbers approaching 90°Io

(losses would be in gears, bearings, universal joints, etc.) If

(as an estimate) the mean transmission efficiency in stop-and-

go service were 60%, and the powerplant Eth were 10%, the

overall E~ would only be 6%.

Another factor influencing route fuel economy is the idle

fuel rate of the powerplant. We have seen from the route-cycle

testing that up to one-third to one-half of the route time

may be at idle.
OPPORTUNITIES TO IMPROVE FUEL ECONOMY

Having identified the causes of low efficiencies in the present

steam vehicles, it should be possible to make substantial

improvements in fuel economy in the near future. Fruitful
areas for engineering development include:

1. Raising the ideal cycle efficiency (Ei). Obvious im-

11

provements can be made by increasing the temperatures of

the steam or other working fluid. This route has been

followed in gas turbines, with working fluid temperatures

raised from 1500 to 2000 F in 15-20 years development

(18, 19). Alternatives to simple Rankine cycles can also

help, such as the use of reheat, regeneration, and binary vapor
concepts. As-installed values of Ei can be increased from the

present 25% to 30% in the near term, and 32-35% or more

eventually.
2. Approaching the ideal more closely. Present actual

thermal efficiencies are as low as 40% of the ideal. Sixty

percent of Ei may be attainable in the near term, maybe 70%

eventually. Major gains can be made in reducing parasitic

auxiliary loads and by increasing expansion efficiencies.

Smaller, but worthwhile, advances can be made in reducing

boiler heat losses and mechanical friction. One example, for

the reduction of powerplant auxiliary load, is the possible

improvement in condenser fans. Over 30 hp is presently

used to drive such fans in some of the installations. By the

use of more efficient fans and fan drives, this can be reduced

to 10-15 hp. It would also be possible, as in later Doble

developments, to use exhaust blow-down turbines to drive

condenser fans (3). This would not only reduce the con-

sumption of premium shaft power even further, but would

convert additional heat to productive work.

3. Reducing transmission losses. Heavy losses were suffered

with the transmissions used in the present program, because

available units were a poor match to expander characteristics.

In the case of reciprocating steam engines, a direct drive (or at

least to eliminate the hydraulic torque converter) would in-

crease vehicular thermal efficiency appreciably. Transmission

improvements are also possible for turbine expanders, which

would allow the turbine to operate more of the time at

peak efficiency.
4. Reducing idling fuel consumption. The use of a small

auxiliary expander could reduce the idling fuel consumption

to one third the present idle fuel rate.

5. Integrating energy services. Functions such as air

conditioning and vehicular retarding could be integrated into

the power system in ways conducive to energy conservation.

Some of the possibilities for improving the fuel economy of

ECE-powered vehicles are given in Table 8.

POSSIBLE TRENDS IN REDUCING EMISSIONS -Even

though the emissions demonstrated in this program were

acceptably low, further reductions can be obtained by:

1. Reducing the amount of pollutants generated per pound

of fuel burned (cleaner combustion).

2. Reducing, in turn, the amount of fuel burned per hp•h

of work produced.

The burners produced in this early program were designed

and built without the benefit of extensive combustion

research. Meanwhile, a new body of pertinent research in-

formation is becoming available through contracts sponsored

by the Advanced Automotive Power Systems (AAPS) program

of the Environmental Protection Agency (20). One of the

contractors has, in steady-state burner tests, demonstrated
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