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INTRODUC“I’IDN

Sinee I959 the Cuhfurma Legslamn: mindiul that ‘motor sehicles are 4 *
WhjoT SOUTGE of air pnllutmn has Jeveloped . m;:reasmgly stun,gent gulormotve

#mission standards. A vital part of such legislative action iz the. deveiuprmnt .

of factual deta, in support of tight but reallstic standards,

During 196764, sludiey dnd heariigs by hoth state and federal awencivs
revealed that certain sternarives (o the mternal combustion enging {ICEj
miight bt feasible a8 low-emissivn awtomotive powerplants. One alternative is

" the exlemal combastion engmr: {ECE}, in which fuel i is buned vontinueusly.

and compleiely to generate power. There are several fypes of ECE, but the
icyst familiar s the steamn mgne,tebhmmﬁy known ax 4 Rankine. cycle nigine.
The studies and hearings sugpested that (he ECE, far fr{:m_bmng an oulmeded
coneept. could become s workable alternative to the 1CE, with the uid &F
moder o luhhm:llng}r With this it mind, the Califomiu State Asserbly decided
to sprtisor the demonstration and evalugtion of ECE rropilsion systerms.
Thiz wosk was supported in part by a grat of funds frow the Urban Mass
Transportation Administrazion of the 1.8, Department of Transportation. -+
The purpose of the California Steam Bud Project was {0 evaluate the tedh-
nical fessibilicy and public areeptance of the ECE as a low-smigslon, quiet
prupuls'nn yitem, Wiing city buses as demonstratiun vehicles. Tmphasis was-
to be placed -on the carly demonsivation of patential, rather than extépsive

‘development e tpehnical perfection. The ritle “Stewn Bus™ was adopted afier:

the project’s engnees g contractors clipse Ranking eycle systems to cxem;ﬂli.‘:w
the ECE. :

Engineering dmreln-;mtnt work begin in .que 1970, Thres mm‘raﬁtms
developed and installed sieam propulsion systems in three 40-{yot urban -

tiansii. coaches, replacing rhe ovigingl dicsel engues, The three sicam buses’

were té's_ted and demosstrzted in the metfopoliten areas pf Oakland, S
Francisen; and Los Angeles. The husey traveled 8,372 soad miles (nder steam
pu'u.-er, including abiviet SO0 miles in revenilc passenger service, T he prugram: E
ended o S-apmnher 30, 1977, .

FINDINGS L

The ivl[umngls i bt ract of the umlmgs of th¢ Steart Hus Projcct. Tabie,ﬁ

“af supporting dara are presenied in the Appendix,

- Perfocruance. Sipam Wt accelerntion, tup speed and hill elimbing wore -
Equal lo or exceeded road EJErfurmanr:.e of bitses p::rwcra:l by six- ey Imder
diess] - enmines,

Emiaione. Tn @5ts by the Californi: Air Rasources Bcnard a1t steam Buses

swere well below thé 1975 Califernia conission standards For heavy duty yoe

hicles. hut noi nf the diescl buses tested came closc tor meeiing the: requu&-
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toents o Tyalefwarbons and nitmﬁsﬁ wiides combined, When the cleanest
stewm bus was compared to a composhs of the ceansst desels tested, the -
steamn hus produced 3005 percent less carbon monaxide (C0) and 86 percent
less Tiydrocarhons (HC} anq nitragen onldes (MO | The cleanest stoam hus
registered & 94 percent reductmn in NG, when mmparm] 10 the cleanvsi die-
sel testod.

Noige, In measiremets by the C&hfurn.i& l'i.lghway P:ilml the qLill:lCﬂ

-gteam hus was 2.5 w0 10 dewibels below the guietest diescl buses in drive-by
tests and & to 14 decibsls Yelow in curb-side 1ests, On the other hand, mTc110T
" spund levels were sinilar or higher than dicsels.

Fuel Consumption. In the steam bus’ stute of lintted development, fusl
consviption was high, THesel fuel consumption rates durug actual stop-and-
au Toute condilions were more than three times lower than the bast slewm
bus, DHasel fuel mileage at a stzady 30 m.p.h. was two to three times betier
thun the best steam bus, 1dle fuel consamplien raiés showed even a wider
margn Mor diese] buses. Although fuel ceonumy of preserr siearn buscs is
poor when compared to dicsel power, the dlscrepancy s Dot-as great when
eommpured [0 fedoling sywems, such as the pas turkine and spark ignition
engines fucled with natural gas, i

Operating chamcderisticn, . Conventional ‘driver controls were used; mini
mizing Lhe nesd for spesial driver instroction. Water recovery was inadequate,
hut startup dines, performance and drivebility weme aquivalent to Dlaet re
quirements for existing dissel aquipment. Special knowledye and extonsive

" attention wers required, howetver, fo1 pawerplani mainteoance,

Revenue vervieg. Sleam buses usnally wene able (o duplizate time schedules
of dievel buses in actul Tevenae passenzer service. All buses demonsirated
sarisfactory performance in lerms vl vperational safety and passenper com-
[oat. One bus provided air conditwening, which was effectively driven by shaft
powet ke from (he main expander. Riders interviewed on ths steam brses
indicated a hiph degroe of user acceptance for these expetimental vehidles,

Composite picture, Allhough not il theee installations showed evary po-
tentinl adritmte of an ECE, s cormposite, pictare demonsirated that steam
busés can equal road performance ol diesel buses, Ong bus was considerably
quieter than ke diesels, One ppstern was Tighter in iweight than present diesed
prwerplants. Although all theee systemns oceopicd mere space than diesels, ofe.
“hus demonstrated that pagsenger space need nol be dininished if the szverl
cotnpanents of the powerplant are lacated separately. Another system rmei
almost ol space tequiremen ts within the existing cngne ompart Meni. As with
any experimenial device, & peat deal of inspection, rework and maittenance
wis nacessary in ficld demonstrations, It must be emphasized, hnwever that
these huses were converted vily for wse in an eady demonstration of teasibili
ty and potential. They arc not pre-prodiletion pratotypes, and much engif-
sering Jevalopment wauld be required beloes such power systems conld mect
transit indusiy standaris fod system layoue, celishility and operating eznnomy.



Potential for fudl consumption improvement. With progressive engineering
pver a two-vesr period, the fool consumption of steam buses could be im-

proved until it is only’ 52 percent more than present -dicse] in sOp-and-go’

. service. Impovaments tr 1he (nmemission and powerplant would be requized

to achieve this rediiction, Eventually, fuel consumption could be 1mpmved'~ -

Cumiil it s aaly 6 percent more thun present dizsels,
Posential for emissioms improvement. Fmizsions of steam I'msaa contld be
vaduced significantly by developing cleaner bumers ufid by conyurming tess
fuel, Within two years, present aream bus emissions of CO could be reduced

by 68 percent and HC plus NOy by 67 percent.. E\rauhmjl:.r, gream bus
emiissions of €O could be reduced by 88 percent af prﬂem lew:]s and HC -

p]us N, hy 59 pﬂr{‘l:nt

G{]NCLUS IDN

The Califomia Stezm Bus Project succesfull y achieved s goals. Both the -
misslon artd the organization mey appear enorthodox, but the involvement

of many tencerned privatt and public entities st an early dute way very” bun&
ficial. SR

Sragmm propulsion systems were the lirsl slivmate power systems tD e
- wigthly supported by the public seator. Continuéd research and development
is cascntial, if not for steam alone, then to lepitimize offier possible altema-

tives. This 3 the only way (v ingure that the sources of vehicular air poligtion .
can be corected, it nftempts to control existing power systerms Fuil. Acceler. -
gt of Inw-emlsslon engine development appears to be among the more-

pressing needs dn suclety, Public ageheiss have responsibilities to suppotf beth
the technology and the market. Buses are, in a seqse, merely symbolic of the
variety of vehicles that ¢ould benefit from needéd powerplant i:npmwi:manm_.

" RECOMMENDATIONS

Rankine cvele engines were found to have attrbutes that are needed in

urhan transportation. Wilh further development, present drdwbacks, suf as
high fis] consutaption, can be eliminated or conziderably reduced. Advanta-

ges, vuch 2= engine braking, can be developed inthe future. The .-‘Lasembl:.f-

Office of Rescarch, therefors, recommends the folluwing:

1. We recommend the continued explorytion of the Hankine cycle by
developing an app¥ication for heavy duty vehicles ini a baajc mmmh ami de-
velopment ;programi.

2. We caidtion that many vears o progressive “and persi;,t.cnf, ::ng:urcnmlg

will be needed iy make Rankine cycle powerplants t:-::hnicajly femhl&. Such :

-_a pmg:rnm shoald cnﬂmt of the following elcmgr:ts- '
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(1] A Fr:mtnl attack on technical problems identified by the Cal;imma

steau Bus Project and other programs.

S {2} Siress on design engindering and bench testing, rather than atndies -

and demonstridions,
(3} Explomtion of hul.h furbine and reblpmcatmg expanders, bacanse
it is Aot yet clear which form s supering for heavy-duty, stopand-zo vehicles,

{4} Lse of the research work on Rankine cycle companents and sys- -
- tems-carrently sponsored by the Environmenital Protsction Ag‘enc:,.r For anto-

: mutnre application. .
(31 Fuadidg at neless than $20'million over a four-year penc-d
3, 11 the abave develapment phase clearly indicates the potential of chis
alternaie wystam, we recommnend that the federal povernment make Fae policy
decigions that will be required to achieve the reality of low emission whicles
oy wrbay areas, inchtding autemobiles, trucks and byzes,

4. We encourage all state legidatures to follow Calilfomis’s lead Dy con-
sidering the need for market support if a svitzble eltemate prapulsion gystem
ie dwn:lupe-d Such a need could he addressed by the fu]luwmg lh:e&lnlﬂ leyis-
lative progr e

{1} Establish low enission vehicle certification programs that rank
propuliion systems by their cleanliness and peefurmance. :
(¥} As a matter of public palicy provide incentives, such as. subsidies

or tax relief to heavy duty vehicle ussms for purchasing low e:rmmun fleet -

vehicles, especialiy because such vehicles may be. available only at nrem.lum
prices,

13) Leglslate more stringent heavy duly whicls cmissien standa.uis _

for wrban areas when clean alternatives arc availabis, after flcet opsmtional
Feasibilily s dernonstrted and lhv_-' en’dss_:‘mﬂ expedence is validated,

P'RD] BECT HISTDRY

The {:';lllfm‘l'ﬂ:l State Ammhly submitted a gran( application to tI:LE Urban

Mass Tramsportation Administration (IMTA) of the US, Deparrment of .

Transportation vn December 17, 1968, secking [unds to deémonsiiate amd
.. test ECE systomsin city busce. This application was approved vn Febrouazy 17,
1960, making this the first niajor Tesearch prant made to a state legisiative
body.

Qualilied supphers of BCE systemns were soughl by means of a Reguesi
for Proposals isaned on May 1, 1969, Replics from potential suppliers revealed
- that BCE aystems, far fru:rm'bEmE available off-the-shelf, would reguire
extensive engineering development before any demonstratinn - could be
scheduled. With thiz knowledge, the proaram was restructured to provide
time and funds for development and new proposals were soliciced.

On Septenther 20, 1969, 2 anel of eight experts appointed by this Asser
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by s¢iccted the tiree best gualified system ventos.

The avtual wock of des'iigning -angd developing these sieam power systems |

hegan with the signing of engmeering contracts in June, 1970, Eac‘rl syatenn

vemidor was paived with a transe distriet as follows:

L Wiltiam M, Brobeck & Associates, Bakeley, (,ahfc-mu with I]&lghbmmg
Aluneda&unlm Cust& T ransit Dlstrlct (AL Transd.t} hmdquarlered m
" Oakland,

2. Liear Mut-:}rs Corporation, Reno, Nevada v.m;h ﬂlﬂ S;m Francisco Muni-

cipal Ratlwsy (5.F. Mumi).
3. Stedm Prower Systems (8PS}, San Dlﬁgu, Cahfurmu with aearby Sout.h-
e Californiy Rapid Transit Disteicr (SCRTD) in Los Arigeles., )
Dverall direction wes provided by the Assembly Difice of Research. This

office was asisted by two systems manapement finns. The fist way Scientifie .

Analysis Cerporation (SAC), a noneprofit research firm im San Francisco,
which was to administer rhe pm]ect on 3 daily basis, conduct Jublic and

patron attitode " surveys ‘and supervise making of &:doctimentary motion.

picture. The seéond was International Reszarch & Technology Corporation
(1R&T), a Washihgton, D.C. Arm, whicl was W monitor and report techoical
progress and. gvaluate bus performance through 2 fleld office in San Ramon,
\,alifmma KEJ_ry Napuk was made prujeat ma.uager by Sl am] Ruy Renper
becane ]:rru_lrcn;:l tf-:,hmcal roanager for [R&T. These system munagers repre-
sented the Aﬂm:nb-l}r on all matters of administiation; coording Livn and Wﬂlu
atiae,

Al Tmnsit and S(‘RTD cnnlr;huﬁ‘d Tare model conilies 1o be retruf'u'te:{'_-'f_-. .

To sleamn power: Lean Molors furnished its owa Bis and powerplant for 1gase

te 5.F. Muni. The Ray Arca Educationgl Television Associarion, KOQED, in' :

4%an Francisco, was selected to filin project activitics. Exhanst emlssions weee

. tested and eviluated hy the California Alr Besources Board. The California.
H:ghwgy Fatial measured sound levels.and performed motor carrigr safoly
uupeulwns Suppaet aleo was provided by the Astembly Rules Commirtes
staff, the Auditor Gengral™s Office, Division of Highways, Department of Pub- -
lic Health and the Oifice of Insuraice, During special demanstyaticns, assst-

ane was provided by DO, Transit and the Sacramenty Transit Au_ﬂmnt}
William Broheck & Associates was the first to compicte installation wosk

and have 3 steara bus operational, m Seprember, 1971, This bus was delivered | -

* 12 AC Transit an Séptember 27, 1971, The Lear installation was first opera

in Janmary, 1972 and ¢elivered to San Francisco on July 20, 1972 Stewm '

Power Systems cummpleted installation in \-!Iqrch 1972 a.nd bmught the l:lua
to Los Angales on Aupust 7, 1972,

In additan to participaling in engme&nng testing and fleel tnﬂlh thﬂse,- :

gyperinental vehicias were involved in two major demonstration,
The Brobedk-AC- Transit steam bus wis demonstrated in Washington, D'C
on November-17, 1974, in conjunctiun with & Steamn Buz Symposium.spon-

sored by UM'LA and, the TS, Department of Transportation. Durivg its stay
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in the nation's capitol, the first modean stearn bus traveled more than 75
. miles and eirried neady 500 people in showings to Department of Transport-

. tion offictels, members of Congress and symposium puEsts,

© On Aped 26, 1972, 41l three steam huses were demanstrated I:u:[u.e mem-
hers of the Czlifomis Legigature in- Sacramento.

" Finaocigtly, the crigimal grant application requested §450,000, This f‘gum o

proved to he inadequate and Califormis made application for added funds
which werz subssquently approved. At the end of the program, federal finds
_tutalad £2,294,525, Lucal comtributions of abeuat $5.7 million were made 1o
the projeci by the state, the transit distdets, and by the system contractor.
Thus, the total project cost wes spproximately $% million, The largést share -
was_the jocal contribution made by the system contractoss, approximately
£5.5 nuillion.

TECHNICAL EXPERIENCE

Litroduetion -

"Durirg the experimerttal pevied, the three cnntracturs L mmuragcd o
develep their nwn design approaches. Each vendor comsidered or implertented
more thai one design which benefited the project. Reciprocating, rotary und
- turbine erigines reached preliminary hench test stages. A number ofworking
firide nther than water were examined. Several varations of control sysiems,
auxiHary deives, feed pumps and burners went {mm an ﬂ};pens.we _]unk pie
befors vehicles hecame operational. : :

The final systems had some features 1o commeon, Ml used water as the
working (hiid, All vendors genepated steam in forcad-ciréulation, contnuoss
 goil pobalar steain generators, Steam temperuture control waz by the “nomiz-
lizer™ principle in which supplemental water 15 injected into the superheater
ay required, Condensing was by fan-coeled, finned. tubular radiatess, While n
vamety of liquid fuels may be meed, Wo. 1 diess] was selecied because It wis

. ~ the stamar4? Tuel of the industry.

Beeavise time was an important factor, many technical conpromises had to
be accepted. As an expedient, commearciatly available multiratic sutamatic
torqué converter iransmissions were wsed, even though these converiers were
not well matched to stéam expanders. Fixed eur-off was used in the piston
zpygines instand of the more difficuit but much more efficient variable cut-off
types. The main expanders were wsed to deive aceessorizs at 1dle, althouph
mene effleient methods were known. Development of engine retarding with a
. pistom engine. although desirable, was typased in this program. Complete
- uperational safety, on the gther hand, was & mandatony requm:mc:nt which

all vendoTs k. mﬂl‘acmn[}r :
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Svysten dereviplions
Wilkium Brobeck & Aseociates, The meank gy SLEt was 0 uu#g;mwth
of the 1utomatic monvtybe steam penérators 4nd compoutd ExXpRansivn pistofl .
enjgines deviloped eatlier by [loble and Besler. The steam generetor and its -
aurymatic comirods were mounted N the engne compartimsnt ai Lhe rear,
while oflier systen: elements were located asnidships under the floor ag shown
in Figere L. Al sucessory and awxiliary units were belt difven from pelleys on
the forward end of (he engine carnkshaft, Condenser fans wer Iemotely
driven by hydraulic motors, The trapsmissioh was 4 Dana-Spicer mode] 184
with twn speed [urque comverter.nnit, which locked up into dilect driwe at
28 mipa.
Brabock’s stezm generator was of the mnurruuu&mll furced-p.irtulaﬂqn .
type, wsing ghout ofte quarter mile of ymall ditmeter Mbing which is shuwn
*imstalted in Figure 2. Both lyngentia and axial bwener finngs wore exptored,
with the fu'rm_g]'}—{:lﬂing hetter results in this vonfiguration. The urcer uskd
3 sinple airatomizing norde. with automatic swirching arpumg folr steady
statc fevels; off, idle, low fire and high fire,
Biobeck's expsader had thres double aeting E}-’hﬂd&i‘ﬁ Compaund. expan-

#iun was used, with one high pressure éylinder exhausting into twa low-pres- -

nwre e¥linders. As an expedient, & nonreversihle fixed cut-off valve gear was
used. By placing 1ha syslem compunents in exisiing Spaces, the original seat-
ing :,apamty for 51 passehaprs Wag retaingd. A4C Trnsts coach was a 196%

Genoral Moters bus, whick, ltie ail other vohicles in this progEn, was 4l SeeL

- Monig and 162 inches wide, weighing hetwccn a1, OI:IIL'J ang 22000 pﬂllnd&um '
laden.”

VLear Motors Carporation. The T.ear syseen differed strikingly from the
other two in its fs: Of 2 turbine ap a0 expindor.. All majar components ars
placed in the engine comparement, which had co ba anJarg'cd to pecamodate
rhe stexin penerztor, configuration and rugenerators and, thereby, reduced the
uripinal yeating capacity by fve pegsenpgers, Lear Modors supplicd their own
1970 General Moiors bus,

Luat Moo steant spaerator Foatured a radial outflow of h{-t ::c-mhustu:-n
pnsas throuph the abe bungdle, During development, several Lypes af burners’ -
- were tried, including vaporicing, mechanical atgmizing gnd air MOnuzmg.
with. tha tagler finglly adlgpted.

This vehicte appears (o be The fiest in hislory to be successfully ]'tmpc].[iai
by a sTeam tucne. The gingle stage impoulze (urhine wes small, with 3 whesl
diamoter of 5.8 inches. and rolated at high speed, up to 65,000 rpun. Re-
duction geariag of 24 4 1 zonnected the rurhine thiough-an Allison HT-740
fovrepeed sutomatic transmission to the rear axle  Most auxiliaries also wese
driven from the speed reducing gearbox, including the feed mater pump, twa -
condenser fans and burner blower. Figues 3 and 4 ﬂluw the geme tal Arrange-
ment Of thiy PUWErp]anE and 1% install atkon in lhe demonseration bus,
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Steam Pawer Systems, Inc, The SPS powsyplant featured a six-cylinder,
* doubfeacting compound-expansion enping, Steam was reheated between the
W eXpaTsion Stapes, Steam gencration was by a series-patallel tubutar boiles,
with an-additional section for the inter-stage re-supcrheating, The steam gen-
" eratar, expander, auxiliaries and one condenser were Tocated in the rear en-
gine conipartment, which was enlarged at the sacrifice of five mar seats for
‘passengers. Three additional condensers wees- tocated under the bus, just
behind the [ront axle installed cofmpaonents In SCRTD's 1968 Flmhle hus
are shawn in Figiees 5 and 6.
QI the three buses, the SPS bus was the Dnly ane iv providé air mnmtmn-
‘ing and retain fhe orlginal tmusmismu, a GM-Allison, Super ¥, and anple-
drive rear sle. Two significant innovations were carried o bench test, hut
were laid asde when time &d not permit development. (Ins attempted mine-
alion was the yse-of infinitséty vadable cut-ofl valve gear, which would allow
engine Spﬂ&d contral withowt & throtiling valve while belng conducive to high
thermal ¢ificiency. Anather attempt wae the eimination af il lubricants jn
the steam cylinder, which would avoid the problem of il wr:ymrer nite the
Eﬂﬂﬂsnscr :mﬂ baollar. '

Safety. Complete operativngl safety was a firm requirement with surveil-
Tince and comtiol exercised durlig all phases, such as design review, labdiratory
‘proaf-testing ind frequent in-service mepettions. The following criteris were
appiled: '

1. Toxie, ﬂa_mmahle or explosive working fluids were not permitted.

- 2. Bteam genterators were designed to b inherently nofiexplosive.

3. Yeveral safety limiting devices wef¢ tsed, such as préssure and fempars
ture Yifnit switches i in the automatic steam gEnerater gontrol circuits, as -
well #5 safaty valves.

4, Limiting .povernory weze applied to prevent auddm’ital expamicr ONEr
‘spoeding.

5. Flame sensars were installed to siop fuel flow i m the went ::-'F igmtmn
failure.

6. Driver coptrals were fl.mphﬁed a.mi made as similar a3 possible. to those
[ 2 standard diesei coach, .

In this project, lsrge pressurized vessels were not permitted for stzam
generslion, which climinated any possibility of a sudden explosive relesse of
.the boller’s energy contenl. A refatively small amount of steam and water is

~confingd-to @ leng coiled length of tubing as shoewr in Figupe 5. On a nomber
of oeensions, tebe iluzes did goeus in these experimental steam ge.ﬂeramrs,
but they peoved o be incomveniznces rather than hazards,

Because of gnod design practice and careful workmanghtp by system
vendars, the poten tial tazard level of these systems was judged to be #imilar
to that of s turbines, which have Jarge quantities of fue) bumed in vom--
bustors autsllie an m:l.glne block,
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Road perfarinance. Thess sieam pou.'ercd' vehicles are capuble of egualing
" or exededing rosd performance of buses powered by a;im;l.rlindcr diesel en-
gines. Bteam buses could warally duplicate, W the miwte. time schedeiles
schiswal by diewi power dunng TEYETILEE pass.engﬂr depvice,

Becausc torgue-converfer transmisions waie used, thm Wik, lmlc O
tmity to laks advantage of the favorable torgue dse, hlgh staJJ quue and
pute.nuﬂ retardmg effort lnhermt in sieam engml:sk ’

: Emimiuna._ Several tests .ware made of exhaust emissions of diesed and -
steany buses by the Culifornda Air Resonrces Boapd. Rusglts confirm that the
ECE can produce low exhaist’ emissions even though the Stedm- buses con-
sued mg;nif‘.;antty more juel, ATl steam buses Inet the 19'?5 Crlifrirmia hea\r_‘,r_
duty vehicle standards, which Hmit carbon moRoxide emissions o 25 grams
per brake barsepower hour (blpihr) and hydrocarbons and nlirogen oxides
comhined to 5 grams per hhp/hr. While diese] buses testad essidy met the €0
TEGLITEmENds, nane calwe cluse 10 mesting ¢ torbined HC ang MO, limits,

When thz cleanest steam hus was mmpa.te-d lo g oo paosite of the cleangst -
dicse] bus tést data, the stean bus produced 30.5 pervent fess €O and §6.0
percent loss HC and KO-, OF specia? mieies) was 2 29.0 percent mduct:crn i
NOy recorded by the cleanest stesin bus, Testing was dome with 2 chassis
_ dynamometer, with cmissions suinpled Juring 13 se parale seeady-siaté modes
of speed and load, This procedure does not thelude any road load (ransients
during santpling, bwit teansients from boiler and bu-fllﬂI Lo hnld i given mﬂd
load wers mtegmuﬂ o test resulrs., .

‘Al emissions kosts were made with Numher One dicsel fusl, With proper
Et.":_]ll&tmﬂﬁt cotnbustion Ix virfually nokeless. During testing, snroke’ opacity

tarmihels were Sinclar fo that of wallamintaited diesels, with zeadings penar- - )

ally of one #o thece pl!rcent except for occasional visibla ‘stoke when loads
- weee changed. Light odors Teminiscent of. g tuthinc or ]et Engme exhaust
WEre $oImetimes- numd :

Nﬂ'lﬂe-_ Tho Caﬁfurh-'la Highway Patrul made surveys of goimd Jevels bodh
_inside the diges and in the near-field cutside envicoument, Three types of
Lests were comdueted: first, drive-by, 1ul] thattlle, second, standing start ; ard ;-
third, inteciog,

Test resulis are jn Hie form of dl:‘ub&] rcan:lmbb, u.-hb:h are mmpﬁratwu
messures of sound-pressune levels. A Toganthmle scale i3 vsed; thus, 4 redustion
: ef three décibals corcesponds (0 a 50 percent teduciion ol sound lovels.

During drive-by 1gsls, the gquislest steam hits was 2.9 to 10 decibels below
desels 2] ¢ digtance of 50 feet. Muoreover, the quistesd stean bus in simulaled -
curb-side teats was 6 to 14 decibels below the quictest diesels tested On the
cther hand, interior snund levels were-dmilar orbigher (han the diesels, with
the exceptlon of the Lalest results for the Brobeck pnwc:zplant instaliation, ' _

The Ledr sysiér: pmitted 2 high Frequency sound charavteristic o turbings.



. . 13
A pUEﬁEbIL however, that transwnittad and radiated sound fevels of this ve-

hicle, now bigher than dieseis, can be rodueed by techniques pm?en sut,i.-::-sful
in gas turbine practice.

Fuel conswenption. Seam huses had very high fuel consumption. The best
cruise Fuet mileape of the Brobeok power plant was 3.5 miles per pallon {mpe)
at30m.p.h., whilz a diesel bus can schleve 7 10 atmost 12 mpg under the ame _
Aondicans, Daring sotoal stopand-pe rounte conditions, sieam fuel rates nff
0.6 10 1.1 mpe were noted compared with diesel rates of 3.02 v 3.68 mpy.

Tdle fuel consumption was also High, with steam sistemis using 3.2 ta 4.7
galinm. pa: hour compared with diesel foures af QL5 10 063 pallon par hour, -

Dperating charaeteristics. Driver controts on d]l stean vehicles wers similar
ta thase on the diesel coach hefara conversion. These contrals included a foot
throdlle, wir brake treadle and fireweard. neutraleverse selector lever. o addi-
tion 1o the crigifal panel instruments, a tachometer and a steam PIessuTE
gauge were included along with indicator Kghts 51gr|.11:3-"!1'lg powerplzat condi-
tinns and incipient probieme.,

Alt fizeup procedures were controlled from the drivers seat_ SLJITJCLEHT

. &t@am o start the expander was available within 2 minode From s coll swilche
an, While caretul wamm-up of the expander required ancaddittonal two to five
miiiztes {o systemns with reciprocators, the Lear turbing cowld move as spon
as sgeamn ¥as ready. All three steam sysvems had fo be droven tor o Feer Bludks
hefere the entire gystem reached proper remperaturcs and maximum powes
waz gvafiable, Once the powerplant i hot, however, it méy by rt.sianLLI wilh-
it thareer of secnnds, even Lfter a lapse of 30 minetes.

Alhough oIt three prwen systerns eniployed condensers fou recyvery of -
water, none was a commpletely sealed systent. By means of relief valves, excess

" stear exhaust conld be relicved wnder overlosd conditions on & hat da}r The
original goal wis @ touring ranpe at least equal to a normal day’s operation fur
diesel buses. In practice, however, all steam hises sametimes fell short of this
goal, becanse of unfavorable condenser monnting configurations " (Brobeck
and SP3) und periods of msufficient 1urbine uperating speed {Leard,

Waste lieat release from a Ranldne oyele powerplant is appreciably greater
than that of intarnal comhustion snging systems, Much comsideration, rhere-
(ure, veus given w dirgcling beyt. flow away from the passenger LU]'JJPHII]IIE-FJ'[
:md bwrandr'ri

- Lrkan -;irh.riﬁg ryrles, Mhuring the project , diesel and steam buses were fitted
wilth perleble insirunents for mcasuring snd recording a oumber of vehicular
and rouze charactoristics. Urban tus toutes were then experimentally driven
with a cnnstant ballast payboad of 4,300 pounds, npresenting 3 partial lead of
30 passengers. Several types of driving cycles encounterad by urhan and-zub:

uiban buses werz thereby identified and used as 3 basis for svaludling bus
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PUBLIC SERV,CE EXPERIENCE

Steani buses entered revenus pas€nger service in the cities of Owkland,
Berkeley, Huyward, San Francisco and Los Angeles. The longest nddvidual - .
public service was elghtesn operating days) the ihortest was two. Several
special demanstrations were provided, huwever, before and after delivery of
the stean Buses 1o their assigfied truell districis. These three vehicles aceuiny-
lated a total of 372 road mikes, ineluding akoue HLH.I miles while ch.rn"mg
paying passenpats,
Pubtic mxperience on a distgict-by-distriet bam was as Tollows: o
AL Tramst. {hi Faeuary 23, 1972, the AC Trangit steam bug enterad iis first
‘duy of public sérvice, operating ferrm East Cakland to Berkeley and back. -
"F."hjic completitig it5 third. round trip of e day, wn engine failure, invalving
a broken crambead, forced the vehidle to Tetire m:lly thres bludtsflﬂm Corm-
pleting its day's service,
On Mey 25 1972, the steam bus Jetumed Ly pub]ii.. sarvicy mﬂhﬂg one .
round inp per day betweon Oakland ond Berieley. On June 5, the bus opers-
ted from downtewn Tiayward 1o Oakland angd baek. Doning eipht days of gub-
lic service, 13 ané-wauy trps were campleted and thme weré aborted. Nomer -
ous cperating pwablems were encounteérsd, including control inzability, a
blower motor taflure, a feed waler pump faflure, relief valve heilows falluwe
and pror water. consumyption, The steam bus vwas 'I.l.-'zthdrawn from publil:
service oh June 9to undergy improvements.
On- September 19, 1972, the AC Transit stcam bus retum&d to puklic
service; operating between downtowil Hayward and downtown. Oukland, &
distance af 39 miles. It operated on this route for nine continuons days with-
ouE any t:lperat'iﬂnill problem, ending s2rvice on Septernber 29, the Jast diay of .
operation ungsr the project términated on September 30, Operating 2t rmuch
* reduced noise 1evels, coach Number 666 traveled 353 niles during this period,

accumulating & iotal of 3 465 miles under fteam powet from Septemmber 1871
- through Scptember 1972, No stops were requlred for water or fuel, and only
- pecafional adofs Troan an lmpmpar fuel/air ratio maerred irg mhcmlse pe:i‘er.t
gEIviCe.

S.F. Mumde Hailway. On August 7, 1972, the Muni Railway steam tur-
hme bus bigm its revenne swrvce between the Southern Pacific Station and
Fiskerman’y Wharf and back. On Augnst 9 through 11, it was withdrawn from
kervice to ke 3 boiler tepair and to adjust the burner which emitted notice-
able-smoke. From Augnst 14 thoough 13, the coach operated as 2 enmmuter
shuttle between the Femy Building and the $1%, Station, making up to iuur'
trps a day with 2 maximum of 58’ passengers on beard, From- August 2
through 25, it operm:d 01l 3 I0ré THEOTOUS TOUtE lm'ul\'mg ten miles of- Em.-



: . 13
way and g six pereent grade. On August 25, dusring the las day of public

sgrvice, the steam turbine bug attempted two zound tops with foll leads and -

* lost 2 fan belt on the combustion air blower on a freeway dwring rush traffiz.
This wus Ve only operational problem during eleven J4vs of revenue service,
and the bus returned tu Lhe bam under its own power.

On at Jeast fwo oceasions, once with 3 imulsied paytoad of 4 500 pounds
and vnce with fifteen passempers, the bus successiully tnversed the Satra-.
mento Street route, which includes San Franciseo’s steepest bus grades of 16

and 14 percent. Underscaring its rélatively troutle-lree time in San Frandsco, -

the stearn bus aus driven from San Prancisso to Rend under ils own power on
- Augmst 31 and September 1, traveling 130 miles over the Sierra Nevards with.
vt indjor problems. During ire brief axposure, therefore, Lthe hus provided
early indications of the potenlial for high system reliability. In eight months
u[ aperation singe January, this bus traveled 3,900 ailes.

SCRTD. Duilng its first week of poblic service, the SCRTD stearn bis

coconntered aumerous difficulies, Is first twe dayvs of attempted rublic
: servive.Om Séptember 5 and § werc aborted, hecause 3 holt sheared on the
combustor air fan assersby and a pear mechmnism in the il pump Bidlad. On
Septembey 7, the bus éntered public satviee, but it completed only.a enc-way
trip of 7.3 miles becauss 1 polley dipped which prevented the fan from lutn-
ing nside fhe bofler. On Septemnber 3, the bus was withdrswn from public
seryice ‘whan o boller keak wes detected, however, the bus raveled 36 wniles
on September 11 durdng performance {esling until the boiler leak deteriorated.
" After the bus was towed to San Diego snd the repaired holler was insallel,
the. bus retumed to Les Angetes on September 28 and reentered public sor-
‘sice on Seprember 29, operating on Wilshire Boulevard. It completed » sucoess-
ful15.mile tound wip with air wonditioning operational and favoratle per-
Formance, cxcept for 2 loose baltery temminal which consed a 27.minute
delay. The bus thereby completed its second and last day of public service,
hecause vendor and feet operator conlracts expired on Septembey 30 In 5, 3
mmln since March, th!.s bus lagged 1,007 rnad miles.

PUBLIC ,ﬂ"rITunEs '

Part. of the project evaluarion invnlved measuring public understanding
md acceplance of steam propulsion sysiems, The attitides of four provps
were survgyed: the general public, dizsel and steam bus l'ill-ers transit dwsm:,t
managers ang steam bus drivers,

.+ Community attitude surveys. Three surveys conducted by the ‘?uw&}- Rc-

- search Centers at. the University of Califomia at Berkeley and at Los Angeles
weze designed to measure public concern about wir pollution and the need fur
dhtermative transportation syatems, Standard metropolitati ;urveys were coms
ducted it Log Angéles County in Ouvlober and November 1970 and in-March
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“and A prit 1971, The San Franciseo B'lng.r Ared was tested May and Fune 1971.

[n the Lo Angeles County studies} air pollution ranked a% the third most
serious domestic problein faving Americans todsy {53%). Concern over the
sevigusness of air pollution held constant for variebles of age, Incyme, eda-
cation gnd ethnic background, except for blacks who placed property texes,
race-relations and guality of schools shesd of air paBution. Moreover,-85% of
thase sampled £élt air pollution had reached a point where L was :Iangemus w
hyman healih. '

When asked to 1dennfy the canses of air pulluticn.. 67% of tespondents
blamed the antoinobile, When asked vwhether or not steam bises would help
reduce siriog, 42% of those surveyed thonght steam buses would help u great -

. deal ang 38% thought they would help snme. More than 83% of the respond-
ents would ride  bus powered by steam, if they had an opportunity to do sa.

An mslgmﬂcantl}-'_ﬂmﬂ_ nomber (1.3%) expressad fear aboul riding .'it_eam_- v

buses. :
A survey wus canducted-in the San Franciseo Bay Area with similar mufts

Patron’ surveys, Rider reaction of steamn buses was measured by ﬁurveymg :
239 pagsenpers on the three steum buses and 307 xiders of conventional diesel
buses traveling the same routes at the same times in Oakland , Haywand ; San
Francisco. and Tos Anpeles, Bevuuse of carefully controlled seleation prro-
cegdures, the diesel und steam bus riders shared similar characteristics. which -
el u high: 'I'E].iﬂbﬂlt}" far comparisous. Wnlerviews were spaced th.mugimut
the day. :

‘Stéam bus tider were- asked abéur theéir reactions 1o-the experlmentﬂl
vahilele itself. Overall acceptance was hiph. Almaost 65% snid they noticed
SOt dlffEreTch in perfﬁrmance Mozt riders felt the bus provided & smocthex
mde (638, pmdu-:ed less smioke {74%) and generated less air pollution than
2 diesel {83%). Opinions on odors, noise. and vehicular p-uwcr varied dmman—
call:..f wilh each Mégm bus .

Cn the important guestion whether riders felt steain buses wuuld ely
reduce gir pollution, 47% of the sizam bus riders felt # would help a preat

. dcai, +4% gaid it would help somewhat and only 1.75 felt it would be of little
hclp Diesel Luz 7iders saw less impact, with 32% believing it would he‘tps
great degi and 44% that # would heip somewhat.

Transit ananager murveys, Sxhefive tanst managers wha operated at least
100" buses were mailed questionnaiies, The 48 responses. represented public
ind private ownership of about 6% of all cicy buses. The relatively large

- tesponse rate allows the data to be cansidered both representative and reliahie,

. Mearly all tramsit managers, both public and private, expressed concern vrer
alr pollution. About 544 &t it was very sedous and 40% believed it was
fairly seripus. When -asked if it had reached a puint to be dangercus 10 h¢a]r.]1,-
42% gaid thal it had and 40% thowght it mright have.

The mujority of ‘managers (675%) believed ‘the trgmsit lnﬂustry needed to
adopt- a tiean propulsion system. IT gteatn huses offered quieter and clesner
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aperatinﬂ,wmjld transit managers purchase tham? About 54% said yes; 12.5%
* gaid nownd otie-third had no opivion. When asked i they thoupht steam buses
. wanld bglp reduce air poliution, howevkr, only 2% sald a.great deal und 277
- said it would help some, byt about 4% believed it would be of little help.

If stesm buses were available onky at a higher price than dlesels, how much
~would trinsit maragecs gy ? Only 4% were willtng to pay otefourth mare and -
0% wrere *,,-J.leg to puy ope-tenth mote. One-third of the tnanage s were not
willing to' pay any premitm, Another two-fifths wanted to wajr for mare in- -

Aformation on operathig costs or exprassur.] np opinion.

 Steam bus dsiver attitedes. An in-deprh personal intervlew was ccnductc:d
with five drivers whu upeated both diesel and steam buscs, and whio had be- -
tween nite and 43 yaars of sarvice. Three drfvers were regular op-eratum and-
two wete ingtiuctors,

When asked which bus they would chouse to upe:ate on z daily hagts, all
five drivers said they wonkd prefer the stcam bus, because if provided 2
sthaother, quieter mide and was less pothuting; however, all grivers rreognizad

~ that. many improvements wonld Thave to be mad;a m Seam huzes befure a
- choice.of vehicles becams a reality, - S -

: PU’I‘ENTIA.L FOR MPRUVEMENTS

General outlook, The Externul Gumhu&tmu Engmn attacks the pmb-lem of
alr polluton_ at its roots, which are the physles and chemistry of the won-
hustion pma.ess Almost by definition. the ECE can have the cleanest com-
bustion sysiem possible. With its smooth, quiet application of high torgque.’
. propelling enerpy, the Raoking cycle appears ro be an-excellent candidate fur
- urhen 'l.i'eh!cle:s cparating 1der smp-and-gu eonditioos.

Some years, perhaps less than a decade If funding is sdequate, of prﬂ-—

" pressive engineering work will be roquired before the ECE is ready tor general

. appicatlon and acceptance. Obvivus arcas for fmprovernent.are fucl ¢Sonomy,
" opemating reliability, system lavout, combustor technology, astomatic con-.
tiols and improved transmissions. Winterizing muhﬂc sledm puwtrplants is
anelher impottant conziderarion.

Fud Conswmption, High fuel consumpllon in the steam buses ‘has been
{dentified as the larpest obstacle to the potendisl acceptance of thess alternate
systenis, Such concern goes beyond the economica of fleet pperations, since
fuel cosis ase only about three percent of the total costs of oprraling bus
systems. An additions) consideration s an impending national cnoegy crises.

_Qther inxportant reasans ty imyprove (uel seonoimy ere as follows:

1, The alieady low totsl ¢miasionﬁ of the ECE would he reduced even - .

furthe:.
2, Wazte heat | released into the environsnent would be reduced.
3. Builers.and condensers would becomeé smaller and Hghrar, -
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4. Condsmer fan, power requirements ako would - decrease, inc'rﬂaaing
syseem efflclency snd reducing noise,
" Tmptovemsnts in fuel consumption can be rnade ina number uf &Epn'l'&tﬁ
careas as [olluws:
t. Basic Tpmvoments can be made by i mcrmmg tmupe:atu:es of steam

o other working Muids, Values of el Rankise cyele efficiency can he raised - )
. from the present 25% to about 26% i the ahc:-rt e of yaars and i

“to 35% o trosereventially,
- Thu present thermal efficlencies are s low as 405’% of the ideal E‘,I.-'EIE
EITCILTHIT‘;}' Sixty pereenit of the ileyl effecieney may be artainable in the ghant

term znd posdibly TOF eveniuslly, Major gains cen e made hy reductng '

parasitic auxiliary liads and by increasing expansion 2fficiencies. One example
" for auxiliary ivad reduction is improvement in.condenser fans, which con-

sime 30 horscpuwer in present sysrems bt could be reduced to 10 or 15

hor&ep&wﬂr with rrore efficient Fenis.

3. The present method of susfaining the 'ﬁ-hﬂte steafn powerplartt ut idle
. inwasteful, The use of a small suxiliary ex pander fur e:.sent;ai wle loud s wuid
reduce idle fusl compumption by tvo-thirds.

4. Heavy powit losses incusred with transmissions used in this project,
because avgifable wnitys were poorly matched to expander characteristics. 1o
the case of sceiprocating steam empines, direct.drive or, at least, elimination

of the bydmnlic torque converier wonld appreciably incréase vehioulsr offl-
ciency. Transmission impraverdents also are possible for Lurbine expanders. -
witich would aJluw the turbine to-operate seore of tie time il peak efficiency..

The abowe unprmemems would have a major impact o el somsumption.
At preseni, diesed buses avemge arovnd 3.5 mpy under local noy e conditicns,
-and the best presat stean: bus about [ mpg. It should be possible, however,
to waise the fuel milaage of stearn buses to about 2.3 mpr with fwo moze years
of developipent and to 3.3 mpg within a decede’s lime. Eventually, then,
there would be a differentizl of unly six percem hﬂtwccn yhizam am:l diesel
yehicles,
- Emizsians, ﬁnthl:nugh etnissivns dernonstrated in Ihls DIOETAN Were ﬂEDﬂpt
ably low, lhey wers not optimlecd. Further raductions can be obtained by
two actinng: firsl, reducing the amount of pallatanis generated per pound of

fuel Burned through clewner combuston; secomd, reducing, in turn, the

amoutt of [vel busned per harsepower hour of work producad..

Burners produced in thiv early demonstration weare designed snd bl
withuut {he bemefit of axtensive combisjon research. Since that tinve, 2 new
body <f periinent mesearch information became avaiiablé throuph contracts

sponsared by the Advanced Automotive Power Systems (AAPSY program of-

* the Envirnnmental Protection Agency. One of thair contrdclom, in steady-

- state burner tests, demunstrated, on the basis of grams poliutant per wnit -

mass Of fuel burned, less than ome-fourth the OO, cne-tenth the HC and oie-
thir] Fhe NQ, fuund in somé of Lhe beiter steam bus emission test mns.
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F1gure 7 portzu}rs ihe magnitude of projected future reductions.

Sycten tayout. Much was learmed from thest nstallations, even thaugh
wark wag uh the basis of performing an ad-hoc retrofit It was found, for
example, that the Rankine gycls systom offers consldersble flexibility in the
lgcation of major compofients in the chassis. Wiile the tota] yolmne occupied
hy the ECE probably always will be greater than space occopled by preesiil
diesels, it was shown that saating capadity need not be reduced. Borh »olume

and weight will diminish with futurs develapment. Bubstantial pmg[amr:.u.'lready
- was made in reducing the yelative size anid weisht of systemn components. The
" Laar stearr: generator, for example, can dellver fore than dwice Lhe pawar crf
earlier Dable units without increased size oz weight.  ~ .

- Present diesel propulsion systems, with transmission and auxﬂm‘y items,
weigh- ahoit 19 Jbs, per et homsepower. The presént Lear system weighs
approximiately 17 Ths. per not horscpower, Therefore, 11 i realistic fo expect

1% tbs, per net Horsepowar would be possible in the short terth nl:l.d 100 §2-
Ths, per horecpowet evennuglly,
" Lost projections. More engineering must. he done before injrial cast of
pa:.wmﬁlants can be avcuralely lorecast. Finture stearn systerma will cost mara

per pound than diesels, bot they will be considerably lighter in weight. Unit - - -

cagteare seneitive to the production quantities involved . Becanse the urban s
marke! represents less than 5,000 units per vear in thé foresecable futire,
commonality with other segrients of the hewvy-duty enpine markel inight be
needed 10 Keep oosts at Teasomuble levels,

Muintenance costs. Eventoal maintenance coats alsd remain a matter of
speculation. Casts fo service brakes and transmissions may he reduced with -
steam systems, but sttention would have to be devoted to stean gemerutors
and controly. Pfston expander mimtenance would be similar to present diesel
engine hlncks, bt would be much less For a tidbing, Maintenance costs for a
diexs!, however, may rise sharply if pollution contol devices are added upd if
sophisticated chémical tredtment is needed to reduce oxides of ritrogen.
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Flgur¢5, An llﬂﬁ'mrmw nf a steam geoocetor built By Steam l‘uﬂ'&
_ b‘jlﬁ!tﬂnlhnHulﬂglm generated m the sombustion
ot the:sight, pase- through the tuhing undle to- produce 2 supér-
. hested 3gam. The tubing extensions shown are lemporary, tor
hydeoatitie prost teatlng. :

Figure 6. ! Actialnstallation of Boder and Eugine in S-taun Powes Eystems' a
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GRAMS PER BHP-HR o
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3 | |_39
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. NiE g ﬁ. R
1975 DIESELS STEAM ° RAHKINE RAMKIME
CALIE TESTED BUSES - SO0N FUTURE

. STDS, _ NOW -

) Figore 7. - - Empﬁmn and peajections: exhanst emissions fram heavy-duty
. vehivle engines. .
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Broheck & Asnciates

Lear Motors Corporation

Steam Power Syatems

AL ‘L'ransit
5. F. Muni
SCRTTL: -

IR&T
SAC .

Film _Pmducer,_-KQED

California State Assemhbly

California Air Besources Bogrd
Califoraig Highway Pauod -

-Olhier Projoe! Costs
TOTAL

"Progect omltrlhunﬁﬂs still vutstarding Tor Saptmb&l 1972
**Thmugh July 31, I*?‘FE

TABLE § .
: -';‘DST SHAR.[NG IN THE CALIFUR%HA STEAM BUS PRmEc‘r .

_ {Asof August 31 197

Federat P : _
Funds - - Logal - Tatal”
AUMTA) Contrjbutions*. . Costs - -
$518,304  § 60,254 $ 578,560
649,782 3413205 4122987
- $53,500 1,957,668 2,511,168
S S53654%  §5.365
- 10,793 10,703
I 35,039 35 339
252,596 ——_ 252,996
132 934 S 231,934
32,000 . 32,000
— 9724 .. 471
KR 2 000%F T 250007
- C L goges 399
. 55,609 —— o 55,009
52094525 $5,667.949° 7062474

A



TABLEM
STEAM POWERPLANT SPECIFICATIONS

LT BROBECK . LEAR  SP§
. Expandar type: " -Reciprocating - Turbine Reciproculing
" Mux,expmder grossbhp - 240, 2498 Ji5

{ Beake Horsepower) . . R . . .
Max.-uu:{iﬁﬂ_rj' load , by - 4D LT - 50
Rated flet system bhp .00 180 ©o 228
Max. expander rpm 2,100 . 65000 | . 1550
Max. stearn rite, Jofhr - 2,500 L2340 0 0 3400
Max. fuel rate, galfkr ©an . a0 473
Boiler heating smface, ft° 1802 s 356"
Combustion intensity, 0.5 x 108 125x10%  1ax10°
BTUly 3 o

Conderser iTontal arca, ftz U345 194 _ 322

Steam conditions, psif®l 1 H00/KS0 1000j1,000  1.000/750°
(Prassure/ Temperatare) . o : _

TawesT bafe, hiner bphr. © OLBRS 1.3 - 118
{Brake §pecific Fue . . . - .

" Consumption)

. Approx. weights, lb_'j:_ o o : -

Boiler with burner 15 CB90 11}

. Expander o oowes R 1L 1250
Condgnsers with 1an5 750 420 8OO
Trnsmassion . _ &35 CoTn eI
Auxiligries R - ) I “3m - o 800

-+ Other : 1026 .1 | I 400

Tutal sysiem dry weight 4,777 . A0z 1,700

_ "\]ates

a." Dersted for inztallation In buses.

b. Includes rekeatit saction.

<. Bteam leaves. the rehisuler a1 246 p.si and 830 1w 750VF.
d, A cnmpafahlﬁ Gwylinder diesel power system, incliding tiansmission,

radiator and auxilarles, wﬂlgh,s *.11:!pln:nvu.rrlatve:l‘rl.-r R0 puunds
-e. With g:arbnx
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Stoam Buses:

. 71
TABLEIY

EXHAUST EMISSIONS OF STEAM AND DIESEL BUSES

(grams per s]igina.'hﬁke_hmsepuw&t ko)
co &’ H . -NG: R+ Nﬂz '

Brobeck {test 10-71) . 20 w2 120 24
Bmheck (512 . ' [ 08 . 0.5 13-
© Lear (9-72* 79 L1 - 18 27
‘Leus [9-77)%% T 56 02 16 1&
8PS (5-72) S AT e 1.5 3l
SPR fE-?Z]_ ) : B 44 0.6 4.2 4.8
Average Steam . ._ 4.4 29 18 - 2.7
Diesel Bapies: o _ _ :
AC Mo, 678 (GM 6¥-T1) 4.4 2.5 9.0 1.5
STA Mo 408 (GM 6¥-71). 26 1.5 139 154
MUNI No, 3141 {GM 8V-7}) 19 0.9 24 8.3
" SCRTD No. 1185 {CUM. 503) 13 0.5 H'} 2 107
Averaga Dl'uﬁﬁl_ 4.3 14 104 c 118
l"ahfo:mn Heawry Drut}' stﬂlldﬂl'db _ L S :
97 40 - - - 16 .
1975 - 25 - 3
Nﬂtu

*h

-

These emisgivns were copddeyed crfﬂcla] test results for fliet complate
emissions test without any {uning adjustments.

The scoovhd Lear Motors test was a composite of the [ resultu fomn
both_leats, with an Impréved but not optimized idle setting between
tests.

AlT teses ware perﬁ:rnnud by the California Adr Resources Board.

Diegel ‘results are {rom a limited sampling of well-meuintained vehicles -
204 ™0y not be representative or typical of disstl engines in general
service. No steam bus had bagnes o1 controls nptimized for low emis-
sinm resullg,

NO, was measured as nitric mude {NO) znd .oxpreused s eqmvalmt
NDZ.
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TABLE ¥I - INTERIOR $OUND LEVEES OF STEAM AND BIESEL BUSES

(Al figures are yaximom suun:d-prcs.surc Favels
w B re 0.0002 microbar, A7 weighierd sesle)

Stearn. Buses . . Diiesc] Buses

Broheck  Tegr SPS AC BTA MLiNE  SURTD
. ) Mo eT7d, MNeddf  No. 3309 Mo TIRS

GMAVY-T1 CMav-71 GMEV-Ti Cum, 503

Full 1Hr-:J-’rt]l: gczeleration,

jusl prior to wp-shift . . ) .

Frant 75 745, 78 (LI 79 . TS
Center #1 8i 7 78 70 Hd T
Rear 78 $4 83 a3 8 . 815 A2

B, Atidle -
Front _ 62 63 600, 62 63 . ¢ . TG0
Cenler _ 67 GBS G (] _ ar 66 L
Esar 6 T T T2 (1% T2 N

Notes: _

1. Al measurements wers pertormed by California Highway Pabiol.

2. Microphene pozitions were ghong the cencetline of the aisle, midway hetwoesn ihe oo

ard ceiling of coach,

.
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TARLE ¥II} — EHAR&ETEHISTI!;S OF URBAN AND SUBYRBAN BUS DREVING L‘Y(‘.LES*_

Local  Bxpress . Lotal Ll Lercad - Express

ACSE ACRF  MUNI3Z MUNISS SCRTDS3 SCRTR SOF

Distance tested, mi LY 3.7 S T4 8.7 9.5 36

Average specd, mph 103 312 7. 9.7 85 33.0
Siups per mile 1 064 . 4 W2 95 . . 06
Percent of tims at idle a2 7 g 24 42 11
Max. upgrade, percent 61 BS 84 o3 el 87
BMax. downgrude, pareént §53. 5.9 111 162 . A7 56
Max. hp (o reat wheels 138, 169 181 210 166 213
Avg: hp to cear wheels 243 389 !4 a4 259 TRS
Total energy delivered : . L )
#ir wheels, hphr . 304  55R 14.2 38.1 2B 63.7
_' Energy dissipated by brakes .

& retarding, hp-hr 157 IR - s1. 209 127 - 7.3
Fud mieage with diescl, mpg 358 615 3.68 226 302- 650

Fual mileage with sigam, mpg - 111 2108 T 0.52 0.6

# Dty from tests with diexel cosches, éxéept For comparatfve sleam mpg. Engines were as (ollows:
. AC,GM 6V-71, MUNI, GM BV-71; and SCRTD, Cemmins 903 V-8.

i£




THE FOLLOWING PAGES ARE DUPLICATES OF
. ILLUSTRATIONS APPEARING ELSEWHERE IN THIS
REPORT. THEY MAVE BEEN REPRODUCED HERE BY

A DIFFERENT METHOD TO PROVIDE BETTER DETAIL,
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Figmre 3.

T]-'iri pa;rva Iz rodiced at the
beick of e rr::;]:'rt n different
reprrdh bon me.t]:.ndy

. Leter detadl,

o proido

An interior view of 2 steam gemerator buil by Steam: Power
_Syatc@s, Ine. Hot Y gﬂ:m’atﬂ:l in the combusbion chamber
on the fght, pass tEmu.gh the tubing bundle to proadues a super-
h:.uu?_ﬂ steain. The o I:I.l.g vy bensions  showy zne ll-‘Jl-IFr.pru.r:.-. o -
hiydrostatic proof testing,

Actual installation of Buies and Engine in Steam Pywer Systers

DE:I‘nqud.ra.ti:ﬂ Fu=s (March 1972).
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