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FOREWORD
This report marks another step in Congress’ search for an antidote 

to the continuing epidemic of vehicular air pollution. The Senate Com­
merce Committee, and Senator Muskie's Subcommittee on Air and 
Water Pollution of the Public Works Committee, have been exploring 
the potential of low-emission vehicles for the past several years. We 
have held hearings to consider the potential of both the electric and 
steam vehicles. The Commerce Committee staff has now charted new 
waters in the search for a low-emission vehicle, using the hearings as a 
point of embarkation.

The report should serve as a useful document for understanding 
the vehicular air pollution problem, the shortcomings of present pollu­
tion control efforts, and the possibility of undertaking a new approach 
which involves the development of a low-emission vehicle. The reader 
will learn about the Rankine vehicle and its potential role in solving 
the country's air pollution problems; and he will appreciate the 
obstacles to innovation in the automotive field. Finally, the reader will 
confront several provocative recommendations.

Not all people will agree with the report's conclusion, nor will they 
choose to follow its recommendations. To my mind, however, the report 
is extremely useful because it forces us to consider seriously transporta­
tion’s impact on the environment and to evaluate one possible solution. 
I am personally convinced that we must look for such new approaches 
in solving the air pollution epidemic. .

Again, I wish to commend the staff for its significant contribution. 
I urge all concerned to give the matters discussed in the report thought­
ful attention; and I earnestly invite them to comment on the con­
clusions and recommendations.

Warren G. Magnuson, 
Chairman, Senate Commerce Committee.
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THE SEARCH FOR A LOW-EMISSION VEHICLE1

THE AIR POLLUTION EPIDEMIC

Like a dirty gray blanket flung across the city, a dense eye­
stinging layer of smog dimmed the sun here yesterday. The fumes 
hung unmoving in the still air, rousing tears and sniffles in thou­
sands of Angelenos.—Los Angeles Times, 1946.

Air pollution significantly degrades the quality of living for all 
Americans, but the citizen of the city is air pollution's most desperate 
victim.2 For decades urban dwellers have experienced the telltale symp­
toms of air pollution. The flecks of soot they smear from their faces, 
the persistent throat irritation they accept, and the urban vistas they 
watch disappear behind opaque curtains of smog testify to the existence 
of polluted air. But today people are beginning to realize that simply 
by living in their polluted environments they are exposing themselves 
to serious health hazards.3 Doctors in Los Angeles in a single year ad­
vised more than 10,000 people to move away because of air pollution’s 
harmful effects on them.4

Air pollution is a significant contributing factor to the rising inci­
dence of chronic respiratory diseases—lung cancer,5 emphysema,6 * 8

1 This Commerce Committee staff report was prepared at the urging of Chairman Warren 
G. Magnuson after the Commerce Committee held joint hearings on the steam automobile 
with the Subcommittee on Air and Water Pollution of the Public Works Committee chaired 
by Senator Edmund S. Muskie. See “Automobile Steam Engine and Other External Combus­
tion Engines,” joint hearings before the Committee on Commerce and the Subcommittee on 
Air and Water Pollution of the Public Works Committee of the U.S. Senate, 90th Cong., 
second sess. (May 27, 28, 1968), serial No. 90—82, hereinafter cited as “Hearings.”

3 The number of people affected by urban air pollution will dramatically increase in the 
next several years. See the following table :

ANTICIPATED URBAN POPULATION DISTRIBUTION

Major metropolitan areas 
(over 5,000)

Percent of
Number population

All urban arras 
(over 2,500)— 

percent of 
population

I960..............................      78 48,3 67
1980..............................................................    117 59.4 75
2000...........................................................................     145 65.9 85

Source: Jerome P. Pickard, “Metropolitization of the United States,” Urban Land Institute, Washington, D.C.,
1959. U.S. Department of Commerce, Bureau of the Census data.

3 For a general discussion of the health significance of air pollution see “The Automobile 
and Air Pollution: A Program for Progress (Part II),” U.S. Department of Commerce 
(December 1967) at pp. 2—4.

4 See the Washington Post, Jan. 26, 1969. p. B-3.
5 See “Air Pollution, 1968 (pt. 2)” hearings before the Subcommittee on Air and Water

Pollution of the Committee on Public Works, U.S. Senate, 90th Cong., second sess.
(July 1968) at 609. for a review of information relating air pollution to lung cancer.

8 See id. at p. 680 for a study of emphysema in metropolitan areas.
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Phere each year morXn^^
as much as any other single contribnMr 15 J y^ants, this is twice 
reduc^™^ from automobiles’mustX^b^idly

’See New Yorker, Apr. 13. 1968, at p. 51 •

a, C1.M1C „ lnThe wails of the air sacs are diaph^ui membranes^^^^^^^^ cover a tennis court
progressively break down, making breathF™ 5 er than paper. When these walls
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aF~fW m'Co” ''",“lt“ on
^Vat*^^^ S9th C g” second sess. (1966)

^'een urba“ and -ral inhabi-
u Idaat p.a26 fr°m CaDCer between urban and rural1 smokers. aCC°UDt anr differences in

63 percent of^unVwned^h™?^ percent of all carbon monoxide

"PoUutlon c°™

tons from automobiles con^arfs wHh mfnt^ 3 at P- 1- The 90 million
15 ““«•» •«-. WoeK&“£^lM^s^5dD^ 

pollution. ^r’renynroS^Uonron^le^™!]^^^^^ component of vehicular air

iom e asbestos particles wear off and enter tho'^^8 ar? aPP'J^ some virtually inde-

Joumai of the Air Pollution Control AssociWon pp. Products.”
extern ^"’nde^i^con^eSed^S^^^^ ,1Inin*s is released as
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ence can impair vision : .
interfere with a driver s ability to respon

has different deleterious effects on human physiology. The “monoxide is relatively well understood. ‘ By combmmg with 
hemoglobin in the same manner as oxygen, but with tar real 
Unity? the inhaled carbon monoxide w‘th the rapac
blood to transport and release oxygen to the tissues this interne 
ence can impair vision and psychomotor performance, and thus may 
interfere with a driver’s ability to respond to certain traffic stations 
Concentrations above 30 p.p.m. (parts per
time are not advisable and a limit of 10 p.p.m. £1 an 8-hoi1 penod 
appears reasonable from the public health standpoint, but present 
concentrations in certain areas have reached levels as hig as 65 p.p.m. 
for extended periods and 100 p.p.m. during peak traffic hours

The precise effects of hydrocarbon pollutants are not as well tinder 
stood as the effects of carbon monoxide. It would_ seem that they ha e 
little direct effect at existing concentration levels ^utthey do e 
negative indirect effects. Some hydrocarbons interact wrthOMdesot 
nitrogen in sunlight, producing odorous smog, eye irritation, and 

of the oxides of nitrogen, is directly toxic 
to man mid animals.” The gas is mildly irritant and ™y** deeply 
haled. Death and chronic respiratory diseases have resulted from 
posure to nitrogen dioxide; and pulmonary damage in animals has 
occurred with concentrations of less than 5 parts per million •’ In addi- 
Sn to its toxic effort on man, nitrogen dioxide s _sible or mort 
of the atmospheric coloration problems, and inthe1^ Angeles a lea 
alone plant damage caused by nitrogen dioxide is estimated to be 
IWwppn $6 million and $10 million per year. .Although there is a dearth of knowledge about atmospheric lead 
inhalation,” the toxic effects of ingested lead are well known-Lead 
noisoning can attack the central nervous system, peripheral nerves, 
smooth muscle, and reproductive organs. Current recommendations 
call for a 10-percent reduction of lead content per year m order 
assurereduction of the public health hazard of atmospheric lead

The final major vehicular pollutants, oxidants and ozone, are irri­
tating to exposed mucous membranes. Eye and respiratory- irrita ion 
has ® curred in sensitive subjects at oxidant levels as low at 0.1 to 
'’’Twmrttat^centu^man can proudly point to partial 
environment. He has developed his technology to a. point where he 
can physically explore the moon, previously reachable only through 
the imagination of the poet and novelist. But 20th century man has 
not yet confronted his potential for self-destruction. While accepting

X S« ili> air pollution bearings, supra note S. at pp. 42-43.

5 £ ’supra note 3. at p. 3.

P- ’ -»'
“Leaded Gasoline Presents Hazards to Health.

28 Id. at p. 4.
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i^^^ often refuses
ogy’s unpleasant byprXcts for whirl rK t!°" 1S^ne of “^nol- 
inaction may be the very destruction nf wo ’pnC^ °f ^^nce and air he breathes. There h no SpHnn ?? ^urco-the
pollution than to attack it at its source.11 a teinatlve to reducing air

the failure of the present approach

issuing emission-control Folio P°lpltlon> Government is 
the Federal Government ^°U°w.lng the lead of California,
carbon monoxide emission stQndqrd^f11^1^1"^6 ^^arbon and 
trucks- But the pXTam^ automobiles and light
reasons. 11 ‘ ' s niadequate for a number of

—ch 1- reduce,

ber ofovchicles and miles driven by

28 See the following tabk';10*6 thC emission levels of new ears purchased after Jan. 1. 1968

■allowable emission concentration

Engine displacement (cubic inches)

50 to 100.
100 to 140...
Greater than 140

Hydrocarbons Carbon monoxide 
(parts per million) (percent by volume)

410
350
275

2.3
2.0
1.5

2o?s S “test-” a “test”is an- STcVaVW oxide emission.
existing emission control (hearings, 231,^32)^ °f growth of vehicular air pollution under
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a.4°Pted emission standards for the WTO’s which 
nitroo-pn 32 Rut fl ,U 10n and the production of oxides of mt. ogen. But there is no guarantee that the Ltomobile industn w?ll

^UmMOT/^ ^MISSION or /V/rgQGE/Y Ox/OES 
/./i/e^moee- /7r/?ooe I/eu£x

existing sta^dards^than°without* Thh^'hproduction- supra, shows more production with

Of the assembly bill whichdpromurga\^ as AB-357, the number
^heF^ra!^^^ be implemented. 1 d dS’ The California standards face

toUlsr^ hur1^ Under SeC’ 208 U) Prohibits
“The^n™!11011 ^hl?h aPPlies only to California® ’ 8 b s out a narrow exception

of this section to any S Vu™0 hearing, waive application
standards) for the control of emissions fm^nStandari?s (other than crankcase emission 
engines prior to March 3M9M tw or new motor vehicle
more stringent than applicable' Fedorii ot n^s that such State does not require standards conditions or thlt such State standards and ace™™ ?eet c«mPelling andQ ex?rao^

Sec‘^ ?!£ Procedures are not
regulations. technological feasibility and economic costs of any prescribed

The hearing will proAdeCallfornia^t^^ industr begia tnLoS Angeles on Mar. 4, 1969 
to present their views on whether'the ’i^nd tbe Publlc with an opportunity
in accordance with sec. 208(b). ' cretary should waive application of sec. 208(a)
unles^the Sectary*takTs action to® vTto V^o/wh^h"1161116? °r not waiver is automatic 
Secretary who would act upon each nnnuJtu1 ^hether waiver must be granted bv the 
because the Secretary must considerOpposing vSwnoiSntsa ?hbHc hearing is required and 
the legislation would require affirmative new™ k„^P°ents’ 3b‘ more accurate reading of Welfare whenever a waiver• Istue “ raised The of Health' Education and
ever, that the burden of proof rests with tn?™? 1 * lanS‘lage probably indicates, how- 
California. Statutory interpretation ^slde^h^^thtS °f the ra<lue8ted waiver not with 
tlcularly in light of recent aneratinn» £ Place for the burden par-
industry with respect to activity or lack therf?fStiC\?eparrim«nt aSainst the automobile 
Washington Post, Jan 26 1969 1? pollution control field. (See the
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produce cars that will meet the proposed California standards.33 Manu­
facturers presently control hydrocarbon and carbon monoxide emis­
sion by combusting fuels at high temperatures. This high-temperature 
combustion reduces hydrocarbon and carbon monoxide pollution bu 
increases oxides of nitrogen emission/4

The automobile industry is investigating new pollution contiol 
methods, but there is no assurance that they will
control systems. Nitrogen oxides pose a particularly difficult contiol 
problem.35 Ford Motor Co., in a recent letter to the Commerce Com 
mittee, suggests that some sort of catalyst bed might be used to contro 
emissions.' But because these catalysts burn up at high speeds, Fold 
suggests a possible bypass system under high-speed conditions, aigu & 
that raw emissions at turnpike speeds are low.36 The Ford approach is 
indicative of problems associated with internal combustion engm 
emission control. Control technology is lacking and, m developing 
technology, automobile companies are prone to overlook pollution de­
tails Ford, for example, incorrectly assumes that emissions at high 
speeds are low. Almost twice as many oxides of nitrogen are pro­
duced at speeds of 50 miles per hour than at speeds of 30 miles

absolutely ueoea^^^

S-WbSSKsS
SoS" avatte tVm^t automotive needs and can meet the required 

pollution standards proposed by California.
ss Those standards for oxides of nitrogen are :

For » lg. trucks nltrwn
1972 models : 3.0 grams per mile of nitrogen oxides.

(1967) at p. 97: “• * * by reason of InCTeased combustion emmency^ increagfein oxides 
Automobile Exhaust." SAE Paper

SorU bU real prob-

l>y<gOf»rb.». <HC) and 
carbon monoxide (CO) or reduce engine performance and economy or both.

3® App. A (Ford letter).
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Sy8t<!m "°Uld have detr‘-
efforts^Even ^TV™881011 C™tr'"
emissions down to a satisfactory Ipvp? abIe to bring automobile

■=
nect th^em^ n?aT b? P.roneto di^tn-

air pollution problem are to be macte. 'n‘°ad8 ‘nt° the
The present approach to vehicular emission control is hpfMr th

no approach at all. Current controls reduce pollutant to '?

A NEW APPROACH

nnne?iapS long-range method of solving the vehicular
pollutionproblem is to substitute for present propion s^S Lew

37 See the following table:

OXIDES OF NITROGEN CONCENTRATIONS BY MODE OF OPERATION 

(Parts per million N0»]

15 miles 
per hour 

cruise

30 miles 
per hour 

cruise

50 miles 
per hour 

cruise

15 to 30 o to 25 
Tuna nf . m'leS P®r mi|eS Per 
Type of houraccel- houraccel-

transmission eration erationCar number

27........
28____
1005 ——..............do______

1.512
2,179

1,526
1 576

70
95
45

616 1,405
1021 1.068 646 1,108

296
2,379

............ do____ 2,198 1,279
2,200

88
1,378

339
1001 2, 724 807 2,190
1002 . ..................-do............ 617 801 1, 834 2,712
1003 ............ •.................. -do............ 1,217 448

Oo 332 664
1004 1,353 314

□ /
48

747
248

2,132
1006 ..............----------------- do______ 2,276 2,040 199

174
260
204

1,071
1018 -................ .do______ 2,368 1.730 815 1,167

Average______
—..............do______ 1,129

1,694
1,157
1,247

1.831
1,146

889

2,050 
1,279 
1,581

bySNatioenal AhKSn Si XfiX’, D^rtment* o?^

of Exhaust Manifold Reactors,” SAE 

— 
under normal consumer operations * * enou&h to last the lifetime of the vehicle

“Durability.— * * ♦ The dnraMiu»
SX? “"”»«> *

Cost.—Reactors are exnensive * ♦ ♦ .Proven durabiHty are expensive * * ♦ ’ furthermore, the only materials of
» Id. Uel economV ~Economy is decreased.”
40 Hearings at p. 43.
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system which produces few pollutants and performs as well or better 
than the present powerplant. Such a system should have good emis­
sion qualities, be reliable, and when mass produced cost no more than 
present propulsion systems.41 Any new approach to the vehicular air- 
pollution problem should be directed toward the development of a low - 
emission propulsion system.

In the spring of 1967 the Committee on Commerce, and the Subcom­
mittee on Air and Water Pollution of the Committee on I ublic M oiks, 
held hearings designed to explore the potential and to encourage a new 
approach.42 Reasoning that self-interest in the automobile industry 
should lead to further refinement of the internal combustion engine.43 
the tw’o committees began exploring alternative vehicular-propulsion
systems. # .

The first hearings were primarily devoted to electric vehicles and 
had as their focal point two bills which would have provided Federal 

- - ’ " ’ ■ • -- qbiles.44 The hear-research and development funds for electric automo
ings disclosed that because of lack of research and development ex­
penditures the electric vehicle had not yet reached a point w here it 
could be considered as a feasible alternative to the present internal 
combustion engine (ICE) passenger car.45 Their batteries were too 
bulky, too expensive, and might present a safety hazard. Since the 
cars also had a limited range and limited speed, they probably would 
be unacceptable to the majority of Americans as a general-purpose 
vehicle, although they might have some immediate application as a 
second car for urban commuting and shopping. Even though refine­
ments 'were being made on electric vehicle propulsion systems, it ap­
peared that more progress was necessary before the electric car would 
be able to offer the same performance advantages as an ICE
automobile.46 . . .

In May of 1968, after publication of a report commenting favorably 
on automotive steam engines,47 the Commerce Committee and the 
Subcommittee on Air and Water Pollution held steam car hearings.48 
The purpose of the hearings, as Chairman Magnuson explained, was 
“to learn whether some of the earlier problems with steam propulsion 
systems had been overcome and whether there were specific advantages 
which steam engines might offer—both in the emission of fewer pol­
lutants and in improved performance and maintenance." 49 The hear­
ings accomplished their objectives.

44 Present cost projections indicate that the Rankine propulsion system will probably 
cost less when mass produced than present ICE propulsion systems. See discussion accom­
panying notes 68-72 infra. The cost factor is important only from the standpoint of 
customer acceptance. The air-pollution problem is so great that as a society we should be 
willing to pay more for clean air. Differential taxing policies could be used to equalize 
costs between polluting and nonpolluting vehicles in order to negate any cost competitive 
advantages that the polluting ICE’S may enjoy. But such measures will probably not be 
nei2e“EirAtric Vehicles,” hearings before the Committee on Commerce and the Subcommittee 
on Air and Water Pollution of the Public Works Committee of the U.S. Senate, 90th Cong., 
1st sess. (1967). Hereinafter cited as “Electric Vehicle Hearings. . __

43 The committees were also of the opinion that their investigation into alternative pro­
pulsion systems would give impetus to industry development of further ICE controls.

44 S. 451 and S. 453, 90th Cong., 1st sess. (1967) . , . „ „ .
« Electric Vehicle hearings at p. 347. See also, “Prospects for Electric J elncles Depart­

ment of Health, Education, and Welfare, National Center for Air Pollution Control (May
February 1969, p. 34. where Dr. Victor Wouk. director, Electronics Re­

search, Gulton Industries, Inc., disputes the performance limitations of electric vehicles and 
states that the only “operational failure” at present of the electric vehicle is range.

« “Automobile Air Pollution Report (II),” supra note 3 „.
45 “Automobile Steam Engine and Other External Combustion Engines, joint hearings

before the Committee on Commerce and the Subcommittee on Air and W ater Pollution ot
the Committee on Public Works of the U.S. Senate, 90th Cong., 2d sess., 1968, hereinafter
cited as “Hearings.”

49 Hearings at p. 1.
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i™ apturedfr^ CyC1C hF1™’the ™P°r

is ‘ vhe ^ineby simply opening- i miro Aenolo ^R’ • ie Ae^lc^e 1S Put in motion 
an engine rating of 168 ho’rsepower will XcXra^Tfro^^ 
propemngVe5«ame°lo^ tlkes^O 5atin^1of 250 hor^powe'r 
___ me Joad takes 10 seconds to accelerate from 0 to 60

50 See infra, p. 18.
re^T8^?^ detaH the varl°us kinds of external

There are tCsS&h8 that system UP°n the Ranklne cycle engine. The
fled that the Stirling engine^waFp^haos btrieflZ be discussed. General Motors testl 
^Je^kTn^

T economically competitive

-«=■.&«; a- ..............pp.



11

miles per hour.54 Smaller horsepowered Rankine engines acce erate at 
rates equivalent to larger horsepowered ICE/ because the Rankine 
engine loses less power between the engine and the wheels since there 
is no complicated transmission. .

Braking for a Rankine-powered vehicle can be accomplished by 
conventional means, or else the engine, by means of reverse torque, 
can brake the car. Reverse torque can be employed in emergency sit­
uations only or in each braking maneuver/5

The Rankine propulsion system is adaptable to present automobiles. 
The burner, generator, and condenser can fit within the existing space 
under the front hood.56 The engine can be placed in the present trans­
mission casing or further back under the car near the differentia . 
Existing auxiliaries can be run off power provided by a small Rankine 
turbine engine which operates even when the mam engine does not; 
thus heat or air conditioning can be prox ided at all times.
Emission characteristics .

Unlike an ICE, combustion of fuel in the burner of a Rankine cycle 
system is almost complete. This means that under normal operating 
conditions, without attempts at emission control, a steamcar produce., 
almost no pollution. In emissions tests conducted on the 8-year-old 
Williams Steamcar the following results were obtained:
Hydrocarbons--------------
Carbon monoxide---------
Nitrogen oxides (no lead)
Lead________________

_ 20 p.p.m.
. 0.05 percent.

_ 40 p.p.m.
. None.

m App. B (Critical Comparison Report) :
TABLE 1.—PERFORMANCE OF AUTOMOBILES WITH VARIOUS 150-HP. POWER SYSTEMS 

(Weight of auto plus load, 3,500 lbs.; tire pressure=28 p s i ; tire diameter=2 ft! standard air conditions;
8 frontal area=22.4 ft.; CD=0.4; coefficient of friction between tires and road-0.6] ______

Otto » cycle (engine 
rating=250 hp.) »>

Vapor« reciprocator 
(engine rating= 168 
hp.)d

Vapor • turbine 
(engine rating — 
150 hp.) <

_____ 117 m.p.h-----------------. 121 m.p.h......... . .....
. 9.5 seconds_______
. 5 seconds________
. 22percent----------

.117 m.p.h.

.10 seconds.«
-6^.
.20 percent.

0 to 60 m.p.h. acceleration-----------------
30 to 60 m.p.h. acceleration---------------
Grade at 60 m.p.h-----------------------------

___  10 seconds________
............ — 5H------------------------

_________20 percent_________

* Jso^wrresponTs^max^mijm9^ condition, assumed to occur at 60 percent of maximum power. Engine 

assume to operate at constant 3000 r.p.m. during all calculated maneuvers.
a 1K 'corresponds"onormalmaximumpower at maximum engine r.p m. (6,000 r p.m ) Engine operateswith 

fiYPd oMrP(abo rotates at 3 000 r p m at 60 m.p.h. Cutoff held wide open during acceleration to 60 m.p.h at 60 
m We develop 168 hp.Pand reaches ?50 hp. at 7.5 seconds (50 m.p.h.). Engme could be designed never

1I M h o SXS s to normal peak' power at 30,000 r.p.m •■■■I"- F-" »
acceleration from 0 to 60 m.p.h. (30,000 r.p.m.); turbine operatf 

90 percent tor otner conditions.
) rpm. turbine speed. Fixed gear ratio assumed during 
operates at 30,000 r.p.m. at all power levels once having

acceleration from
^Vlractio’n limited. Turbine supplies more torque at start than traction can transfer.

„ —. okhi+tt tho Rnnklne enelne to perform the braking maneuver may have some 

asbestos particles into the air.

HCTteVtt^ae'ECEhVVcE^^

99 '"S' Th.6s Hearings at 113 These results are well below the projected 1975 emission goals. The 
suggested National goals for 1975 are: Hydrocarbons, 50 p.p.m.; carbon monoxide, 0.5% . 
nitrogen oxide, 250 p.p.m.

26-248—69------ 2
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Compare these results with the uncontrolled ICE:59
Hydrocarbons. _
Carbon monoxides.” " 900 PP-m.
Nitrogen oxides__ ” ~ 3,5 Percent.
Lead_  1,500 p.p.m.r , “ (?)
(BCE)'are S ThT^™-'05 Of?he ®xtemal «”nbustion engine

Kankme system’s emission
•Vow characteristics

multiplying the distance between iuS and person by lo ‘n?

relative silence of the ECE. replicate the inherent,
Fnd, requirements

I he Rankine vehicle operates on a variety of fuels 62 Tt on L,

AWi • g f ’ fuel mdea£e than their ICE counterparts 63 The

It* „ fcrfuy 38“uaSKaH fi
comnar 3 to^in0frF'"’'<“' °’7° '?ounds of f"p' horsepower hour

. npau I to the ICE s consumption rate of 0.50.65 Further exomino 
theXte^tSe-figUreS revealed* however, that the loss of horsepower in 
conchide th.nn represented in the ICE figures.66 It is fair to 
— f Steam en£lne miIeage will be as good as the ICE mile-

“ See rAnnbllA Po,,’ltion Report (II).” supra note 3 at n 23
statistics are pAsented^ Peterson letter) where current pfankine engine emission

Total grams per mile of hydrocarbons, carbon monoxide, 
California standards, 1970_ 
California standards, 1972””___"
10B7 c emission vehicle, AB 356 
iooQ and Peterson test "196S Smith and Peterson capability

£ Hearings at pp. 8 and 99.

be aes'g”"i to run

6S Id. at p. 55.

and oxides of nitrogen
---------------------- 27.2 g.
---------------------- 25.9 g.
---------------------- 12. 25 g.

— 4. 8 g.
— 2.8 g.

on one par-
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age—probably better—and that it will consume less expensive fuels 
which do not have lead and other additives that add to air pollution.
Cost

Vintage steamcars were quite expensive compared to their ICE 
competitor, but this was primarily due to low-volume, nonassembly 
line production.68 Dr. Robert Ayres maintains that a steam-powered 
vehicle would cost less to produce on the same scale, and the same 
amount to produce on a smaller scale, than a comparable present ICE 
vehicle.69 Dr. Morse estimates that the steam engine will cost 1.5 times 
as much as the present ICE; and General Motors Co. boosts that to 
three times as much.10 It is possible that the GM figures take into 
account only the comparative engine costs, not total drive train costs.11 
The Battelle research report properly concluded:72

It is impossible to fix a specific cost figure based on current data because no 
figures are available which reflect volume-production quantity. The best available 
evidence indicates that the specific cost will be less than that of a comparable 
diesel engine and about equal to that of an equivalent V-8 engine with auto­
matic transmission. The additional cost of a transmission will he eliminated 
with steam power.
Maintenance and reliability

Testimony relating to the maintenance and reliability characteristics 
of the Rankine propulsion system was conflicting. Ford Motor Go. in 
the hearings considered the Rankine engine to be more complex than 
the present ICE.73 On the other hand, Professor Gouse thought that 
the Rankine engine was simpler, particularly when compared with an 
ICE with emission control:

If you look under the hood of a new car, the number of valves and devices added 
for exhaust emission control are not negligible, and the next year or two may 
bring more.74

e- gee app. B (“Leaded Gasoline Presents Hazards to Health”).
®8 Id. at p. 8.
®» Id.
n st'eVhe graphs submitted by General Motors (app. A) which still show a differential in 

price of about 2 to 1 even when exhaust reactors are added to the ICE. Again, it is pos­
sible that the figures do not include transmission cost comparisons.

72 See research report for HEW (National Center for Air Pollution Control), Study of 
Low-Pollution Potential Power Sources for Urban Vehicles,” Battelle Memorial Institute 
(March 15, 1968) at61—62. .

See also app. B, “Critical Comparison Report.

TABLE 3.—RELATIVE COST COMPARISON OF OTTO AND RANKINE SYSTEM

i Engine cost includes fuel-injection system and ignition system.
2 Accessories exclude air conditioning, power steering, power brakes, power seats, power windows.

Otto cycle
Steam 

reciprocator
Steam 

turbine
Organic 

reciprocator
Organic 
turbine

Engine 1________________
Heat addition____________
Heat rejection........... ...........
Transmission--------------------
Accessories2____________
Emission control______  --

_____ $0.42

_____ .04
.35 
.13 
.06 .

SO. 40 
.20 
.10 
.15 
.13

$0.20
.18
.10
.40
.11

$0.40
.18
.10
.15
.10

6 
$0.1 o 

Ju 
.18 
.3 
.10

Total_____________ _____ 1.00 .98 .99 .93 .93

78 Hearings at p. 29. But see id. at p. 165, where the Ford data is challenged. Ford has 
been severely taken to task for its complexity ratings which testimony disclosed were based 
on guesses See also id. at p. 163. A survey conducted in July by Industrial Research found 
that of the more than 400 scientists and engineers, 87 percent disagreed with Ford s claim 
that steam engines are more complex. See Ideas, “Information on Developments in D ec­
tricity and Steam.” November 1968, at p. 15.

74 Hearings at p. 82.
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nctl'feof reliability and maintenance char-
tr- M £St JCE and Rankine systems. The following tables illus­
trate the better maintenance and reliability of the Rankine system 
Other characteristics

1. Safety
In his testimony, Mr. Hafstad of General Motors stated that rhe 
g -pressure steam used to propel steam engines created a consider- 
‘‘Th! “Crlt?cal Comparison,” at pp. 12 and 15 •

eyde engine fo^autmnobilT^ mSenanceS advantages over the Otto
[Emphasis added.] ana retiabiZrty, fuel, economy, low emissions.”

TABLE <—RELIABILITY COMPARISON OF OTTO AND RANKINE ENGINES

(V-8) 
Otto cycle

Steam 
reciprocator 
(4 cycle)

Organic 
reciprocator 
(4 cycle)

Steam 
turbine Organic turbine

Main bearings_____  
Connecting rod and 

wristpin bearings.
Camshaft and rocker 

arm and pump 
bearings.

Set of rings or equiv­
alent.

Valves____________

5.
16

22 13 13.

8....

2 per cycle, 
cam operated.

Controls.

Seals

Throttle control, 
on carburetor 
(plus auto­
matic control 
on carbu­
retor, coolant 
temperature).

2 major oil seals.

1 per cycle 
mechanically 
operated, 
1 sleeve, 
seal.

Valve cutoff, 
fuel flow

Same as steam Variable nozzle., 
reciprocator. reciprocator.

....do.. -do..

Transmissions

Peak metal tempera­
ture.

Minimum internal 
steady-state tem­
perature.

Multigear, hy­
draulically 
controlled 
system.

1,200° F. plus...

180° F._.............

pump speed 
(plus auto­
matic tem­
perature and 
pressure 
control), 
major fluid 
seal • ------ -

Simple gears— Simple gears___ M ungear Jiy-' 
draulically 
controlled

-------do...............Same as steam

1,000° F. 700° F.
system. 

1,000° F„
212° F 150° F 212° F.

2.
0.

2.

0.

Variable nozzle.

Do.

Same as steam 
reciprocator. 

Do.

700° F.

150° F.

Transmission... Fluid

TABLE 5.—PARTS NEEDING ADJUSTMENTS OR SERVICING
---------------- --------—

Steam
Otto cycle reciprocator Organic 

reciprocator
Steam 
turbine Organic turbine

Prime mover.... Valve life..............Cutoff valve ..
Valve surfaces.___________  

Bearings

. Gate valve............. Cut off valve_____ Gate valve

Heat addition.... Ignition system.. Fuel flow con- ” 
trol.

Same as steam... . Fuel flow control.. Same as steam.
Carburetor.........  Valves.................

Carbon cleanout. Igniter. Reciprocator.........
____ do

. Fluid flow valve... Turbine.
Do.
Do.

Fuel pump and Safety valve tin
filter.

Heat rejection .. Fan belt..____ .  Fan motor_____  
Clean radiator... Clean condenser 

Coolant_
Water nnmn "".........  ~

Fan motor............
Clean condenser..

.Fan motor..............

. Clean condenser...
Fan motor.
Clean condenser.

Auxiliaries
Bands____  

Voltage___  
Lube system

Filter____
Oil............
Pump___

Belt drive...

Voltage____
Deaerator...
Lube system

Oil______

Voltage...
Deaerator.

Fluid___
Bands....

Deaerator.

Fluid.
Bands.

Deaerator.

Pump________
Condensate and Condensate and 

boiler feed boiler feed
pump. pump.

Condensate and 
boiler feed 
pump.

Condensate and 
boiler feed 
pump.

5
8

5
8

2
0

2

4 4 0

1
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able safetv hazard.76 In older steamcars the danger of boiler explosions 
may have been real.77 * * * 81 * Today, however steampower rs certainly safe.
Mr Williams discussed this point as follows: *

S-S
SSESSsiSSs
are ignited in a pileup. Here you have an explosion.

There is no danger of boiler explosion in modern monotube steam 
boilers that would be used in the today s steamcar.

0. Possibility of freezeup 81 T
The problem of freezeup does not present serious obstacles 1 « 

ditional antifreezes may not work in systems Motoi- Co
F —but other antifreezes probably can be developed, I ord xMotoi 
assumes that such freezing is a solvable engjneering prob ’em-

Mr. Pritchard, in his testimony, suggested alternative ‘ 
the freezing problem.83 * * First, the water tank could be constructs 
with sloping sides so that freezeups would do no damage and the 
burner coulf thaw out the frozen water supply rather quicklj. Sec- 
ond a Si pilot light within the burner conk keep « sue 
from freezing—a solution employed m several contemporary steam
Another solution to the freezing problem is to use a working fluid

system, the problem of freezeup is virtually eliminated.
3. Water consumption

Tn older steamcars, water consumption was a problem. The steam 
cycle was not completely closed; therefore, steam escaped from he 
vehicle and caused appreciable water loss. Today a hermetically reale 1 
closed-cycle Rankine engine consumes at most 1 gallon of working u ( 
per 1,000 miles.86 Water consumption is no longer a problem.

at any time is equivalent to a few ounces of gasoline only.
to Hearings at p. 112.
so See app. A (Lear letter). +ooHmnnv hearings at p. 9. But see app. A

development.
81 Hearings at p. 28.
-Seeate.g..Product Engineering, Nov. 4, 1968, where Wallace L. Minto’s freon “steam

engine is discussed (app. B). hearings at p 9. Minto’s freon engine will be
>” <“« "7 HOT See

SJ In text aceompanylns notes 102 anti 103 intra.
« Id. at p. 9.
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LubricS^T Td and life
™y"“m^ ^““P1^ ™ a variety of

Ke&eM^
a simpler piston setup. There is no newiX^ ellmiIjated. This allows 
umt similar to the single-power piston in “

5. Startup time
took as lon^sTo^™^^^^^ in -heir boilers
with steamcars. To^v with t^ then, 1S associated
tube boiler, initial and its mono-
After the initial startun and f nr ok °uld take less than 20 seconds.90 
the startup would belXn^ after shutdown,
ably longer than for an ICE. y’ time ls not appreci-
Recent developments
enfe^ris^ XTe^ *“^8 or business 
Appendix B contX ?nfn^^^ of Remission vehicles,
emission vehicle development on low-all recent development ™“thk nl" nOt .’“t'PP110 discuss
Of the major activEFor comS details?^hli«ht s™ 
opments in the low-emissionappendices. e the reader should consult the
Rankine cyde^ropuMon swtems™PBUS tO 1 *?e ^Hopment of 
Legislature has asked the California wPh resOpt!on the California 
cycle patrol vehicles in Highway Patrol to test Rankine
State.’’ “ m Slx dlfferent geographical regions of the

tefa^b^S Motoi
and ‘Xrd th? <^’of detlo^i^eno?^
Because of for outfitting six operational patrol vehicFes S
hardware 94 the^^l^ proPnetary disclosure of information and

Rankine engine manufacturers rejected the General

M Mr H- at P- 129-

t'”e ,m hls rr“n

T4pas-OctoberP1968. n 5f l Assembly Resolution No. Ill (1968).
Lear'. Feb. 19!'1969)Uary 1&69, P> 33 (corroborated by phone conversation with William P.
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Motors offer. After several false starts - the “iforniu Highway 
Patrol has accepted letters of understanding from two> hrms v v 
will each furnish a highway patrol vehicle to the patrol tor te.tn 
within the next 6 months.96 Thermodynamics Systems, Inc , has been 
given a late model Oldsmobile by the California Highway I atrol 
it will convert the vehicle to steam and return it to the patrol ioi 
testing.97 * No specific details about Thermodynamics powerplant aie
Sr Motors Corp, of Reno, Nev., will provide the California High­

way Patrol with a test vehicle by August 1, 1969. M ilham Lear has 
purchased a 1969 Dodge Polara, the vehicle presently used by 
patrol, and is converting that vehicle to steam.96 Lear reports that the 
Rankine system he is installing will fit within the present spaceumlei 
the front hood. The engine will have a horsepower rating of at least 300 
and will meet all necessary acceleration and speed
patrol. Lear reports significant advances related to the auxiliary 
system:99

I have enclosed for your interest a diagrammatic representation of our ‘basic 
nower system You will see that an auxiliary package is m operation whenever the 
system is used This auxiliary unit provides support for the system proper and. in 
addition powers the various services required by the vehicle, such as the air 
conditioner power steering pump, alternator, et cetera. Under this arrangement, 
even though the vehicle were parked with the motor not running, full accessory 
usaee is guaranteed. This has direct application to our highway patrol vehic e 
where there is a heavy demand for auxiliary power (rotating lights power sup- plies t^ etc ) under static conditions. In a passenger automobile, the 
car could be heated or cooled under “parked” conditions.

California is also undertaking a Rankine engine demonstration proj­
ect financed by the Department of Transportation.100 This project 
involves the installation and testing of Rankine systems m buses in the 
San Francisco area. The objective of the project is to demonstrate the 
complete operational feasibility and superiority and public under- 
standino' and acceptance of an external combustion engine-based pro­
pulsion system for urban mass transit bus use.” 101 Lear Motor Corp, has 
announced it plans to bid on the engine contract for this project

The Department of Transportation has recently announced the 
award of a second steam bus demonstration contract.10- The city ot 
Dallas will soon have buses powered by Rankine engines using freon 
as the working fluid. The Department of Transportation selected the

InlandMr^Berrv^^ app. BPfor complete information on the California

David S. Luethje. California Highway Patrol. Feb.
25. 1969.

97 Id.
99 Id.
iM^hJ’d^onKtio^project is supported under the Department of Transportation’s pro- 

gram of rXareh d^ tho ?rban Mass .Transportation
Administration which is aimed at improving mass transportation in all cities across the 
Nation through ^e‘rai
transfer $244 250 tS aid in thepurchase* installation, and testing of the engine. The 
State of California AC Transit, and San Francisco MUNI will contribute the remaining 
funds. (See app. B (California steambus proposal.))

^The Dallas project will cost $464,684 of which the Federal grant
Transportation Administration will be $309,789. The city of Dallas wm fn series 

th^California1 project was. but'the Department is to be commended for allocating funds to 
both these necessary demonstration projects.
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on the project will be clone bvTemco-Vought aerospac™^ Aeronaut.es Division of Ling- 

of Rankine
to enter a steam-powered racer in the Kifi^r'1' sannounced plans 
several interestin "accounts of Mr T ? Mmnapohs 500. There are

Thompson of S™ cX X Mr'W-D-
steam racer in a future Indianapolil 500 PlanS enter a

Si:s=‘X«
CONCLUSION

tenance and %lilbilitvSB T""* !t has main- 

use have been or are bein<?solve<f Th^s^stems.to automotive 

haust emission characteristics tbn n JT * t all-imP°rtant ex- periortothelCE^andanklM cycIe system is far 
area, it will become Ss ?CTCS m°^ comP«‘iti™ in this

1969 ™ The authors of thfs rep^conclud^ ’ ’ °" Ja“Ua17 13’

tm * Owcrtptlon ot Minto s activities to
as ™BtiUr au“moUv^^ competition will be viewed by critics

perpet“"the s,a'u’
“ tee dSKto" to Ss'toMaotes 62-6T supra

S ?le app' B ("Critical Comparison Report”).

Aeronaut.es
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The Rankine engine has the potential of beingin maintainability and reliability fuel economy and exhaut emission* A Iso t 
Rankine engine should be at least comparable in initial cost and surety case u 
aCTtdi?ttherefore recommended that the automotive industry seriously consider 
the^Unkineen^ne as the future powerplant and that the chemical and petro­
chemical companies concentrate on the development of the ideal flu .

Opponents of change may dispute the conclusion ^ched in this 
report But their previous attacks on the feasibility of the Rankine cy^e en^nes are n?longer viable; they will have to find new ™ms 
For example, Chrysler Corp, can no longer say that the ProWem oiE cold 
weather operation is “a real impediment to the successfol app^^ 
of steampower to automotive vehicles. (See CMsler letter, Feb. 1 
1969 anp A). It presents no such impediment.117 Ford Motor Co., m 
face of the evidence, can no longer argue that complexity is a disadvan­
tage for the Rankine vehicle.118 * 120 Finally, General Motors should reeval­
uate its emission-reduction economics charts. In terms of cost Gem 
eral Motors lumps Stirling, gas turbine, and steam engines in the same 
category and concludes they are twice as expensive as ^trolled ICE s. 
This is simply not the case: All other cost estimates place controlled 
ICE’s and Rankine systems in comparable categories. General.Motors 
probably neglected to include in its comparisons ^e substantial cost 
of the ICE transmission—a transmission not required in the Rankine
^Opponents of the Rankine system will be hard put to find new 
criticisms. Although Lear Motor Corp has been in operation only 
6 months, it has put together a research development, and production 
program that will place a racing vehicle m the Indianapolis 50Cand 
will deliver an operational highway patrol vehicle to^tlie State of 
California.121 * Progress in other areas has been as rapid. - Inis prog 
ress has taken place without a massive infusion of research and 
development money; existing technology has been applied.Anycritic 
of the Rankine system will have to confront the fact i^at Rankine 
system development is in an embryonic state; the potential for im­
provement far outstrips any potential for improvement of the ICE 
upon which immense amounts of capital have already been expende 
without producing startling improvements in emission or other 
characteristics.123 .

Finally, it should be pointed out that the Rankine propulsion system 
that is beinjr developed today is not new in the sense that it has just 
come within our technological reach. Without the myopic persistence 
of the automobile industry in devoting most of its research tunas o 
the ICE, a reliable, low-polluting Rankine cycle engine could probably 
have been developed 20 years ago.

nr see discussion in text accompanying footnotes 81-85 supra.
ii’See footnote 73 supra
u» See app. A (General Motors letter).
120 See footnote 71 supra.
5ThX*a“»ta8Sy«.™. Ino.. and Klnottrs Corp, are among those about to provide

fave far greater pollution control impact. (See footnote 130 infra.)
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OBSTACLES TO RANKINE CYCLE DEVELOPMENT

(J) oertia of automobile industry
rath^l^d^ to emission control of the ICE(pp) 124 a ii i • low emission external combustion svs-believe ^at “we continued
and qf q il • quality objectives can be achieved most ouieklv 
combustion engme.^ of th® internal
Committee General Motors stated^ S Commerce

methods, includffig^^^ number of energy conversion
power requirements. However present teehn^^ for satisfying automotive 
engine still offers the best compromises tnF ^cates that the gasoline 
performance, efficiency, and the control J? pollutant Y’ reliabilit^ economy, 
se ^ra'ch^S $eneral Motors has prepared 
fh-'ba^
bustion eimine will mqfnL th n 4-n 1 le the internal com- 

ajan
leading toIhe uhimX^^^ ”U

emission control program dlFm^s l"d petr°lel'm interindustry 
eept for solving the prob/em

F
underway but the major efforts in' this ‘area lieTlhead ™ systems—is also 

==hes« rSSSSSrsA ^P0”* Chrysler Colp8 indicates

’ p. i epoits an interest in Rankine propulsion development •134
a 'ulSon™”^ mtoUon of steam as a result of
We hare only begun to suppher of this type of equipment.
mistie about its mechanical possibilities'* ° ,atl''c but are Presently opti-

™ Hearings at pp. 24, 33, and 48.
“ Hearings at p. 53.

io7 4PP- 4 (General Motors letter).
1’3 (Ge.neral Motors letter).ApVa?Fom" ISPan‘VinS footnotes 70 and 71 supra.2 p tSUWS&T al“ App-A10i„4“ PPWA <P"d let,er’ M,i ,PP- B <“TurblM E™ n«“." Automotive Ne»s. Feb 

isi Soo app‘ 4 (Chrysler letter).
See app. A (American Motors letter).
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As you might imagine, American Motors Is highly tasted in 

our company. . ,
The present juxtaposition of the approach to Rankine cycle devel- 

onment bv the “Big Three'’ and American Motors is interesting. In the 
hearings Ford Motor Co. said that “* * ‘ it is often assumed that 
our industry would resist any radical change in automotive power 
systems because of our tremendous investment in existing 
facilities. On the contrary, one of the reasons 
examining new power sources is that we must periodically update 
our designs, plants, and equipment to meet the overhanging degnmde 
^^ow customers ”'lZ5 TlmBfg Three must not see a customer demand 
for a low-emission, reliable Rankine cycle vehicle 
without a large stake in the existing market, at this time does . e 
^Senato^Mu^ie’s concern that “the momentum »f thejtatus quo 
may run counter to the public interest” is well founded. There is 
no Assurance that the present course set by the major automob] e 
manufacturers will lead^o the development of a low-*—pliable 
internal combustion engine.137 Their present course does seem .to 
assure however, that low-emission Rankine cycle propulsion units 
will not be developed by one of the major aut^obl\e^a.^fa^

Ironically, Government, as the protector of the publicnterest a so 
may very well be pursuing a course contrary to the public s Ion 
Se interest. For example, in fiscal year 1967 the Department of 
Health, Education, and Welfare spent $3.2 million on
sion research.138 Only $115,000 was spent for researching ICE alterna 
fives: the rest went to refining the ICE.139 ,

The inertia of the automobile industry toward the development of 
the Rankine cycle propulsion system is perfectly under standa >1 . 
The auto industry has large sums committed to the present intein< 
combustion engine in terms of development man-hours and produc- 
tlOThere are several other reasons why the auto industry is dragging 
its feet in the development of a Rankine propulsion system. As h ord 
Motor Co. has stated, the automobile industry changes rts designs, 
plants, and equipment “to meet the ever-changing demand o : our cus­
tomers ” 140 There is as yet no customer demand for a Rankine pro­
pulsion system. The public is simply not aware of the 
the Rankine system as a power source for general-use a^les. .Not 
until a vehicle powered by a Rankine system is developed and vrdelj

J® Hearings at p. 25.

“•"" ««»,<.» m. ™»».««. 
run counter to the public interest? +ro nubile interest if we pursued the

” ,part m"I,sD’1”"' 

ment of Commerce (December I96 0 at p. 25.
i» Id.
mo Hearings at p. 25.
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even a customer demand for the
Not only is there no customer demand for a Rankine cvcle vehicle 
£ X°n CUSt°mer demand f°r * 1XS

• purchasing an automobile the individual consumer does 
v I 6 ?™sslon control as one of his influencing criteria 141 tlthomdi he may be opposed to air pollution in general, he does not norma dv 
shop for a low-polluting vehicle himself. In fact, he may shop for the fen“^ PFTnt c-t™

7 J a- x "lth fhe efficient operation of the eimine and reonire 
Because there is uo consumer demand, the auto- 

prT-nt posture toward Rankine systems specifically nd pollution control in general (especially before Federal emission’ 
standards), is understandable even though it may not be commendable 
fits thZ7m’^ custome/demand7for some of Jh“
prised ^?Uld °ffer For example’ the customer
tion thpRnnV f 1 FS V111^6 and low-noise qualities. In addi­
tion the Rankine system has better maintenance and reliability char

-*■

(~) The petroleum industry

either in

own effete ”?lle industry> in an apparent effort to X>plFfv its

■s s £ sa

posture toward Rankine cycle systems. to
produdn^ °U ^ndu^ would have balance the costs of
fuel. Tt L k11 gas a&aiI}st the costs of converting to lower o-rade fuels It has been reported that the cost of “clean” gasoline would re 
ment of $ltoCS bSliin °entS per g^llon and an added invest- 
cXeSon of Th ire tre T available cosfc estimates on the
comersion ot refineries from high-octane petroleum to kerosene but 
uch conversion would necessitate phaseout of existing refinery facil-

sion spstem. (Seee.g., app. A (LearM that comPlement the novel propul
Ideas. Februaryd1969, p^S^The^gures were bas°dDOte 13 a SUfTa at p’ 28’

tute report. p . me figures were based on an American Petroleum Insti-
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and cause disruptions which no established industry favors. In 
addition to refining changes there would be per mile 
changes downward and some changes ^sociated with auto 
and supply operations. Certainly the Rankine vehicle is preferable 
from the oil industry’s standpoint to electric vehicles, but on balance the recent rift between the auto and petroleum industry is noHiW^ 
to cause the petroleum industry to divorce itself from_the automob 
industry and come out in favor of a Rankine cycle system. Prohtwise 
there is probably‘‘nothing in it for them.
(3) Costs of introducing Rankine propulsion system in face of indus­

try inertia .
Because the major automobile manufacturers apparently are not 

going to develop and market the Rankine propulsion system, such de­
velopment and marketing will have to be undertaken “d^ently. 
The obstacles to such an independent undertaking are enorm u .

The price of direct entry into the passenger vehicle market has been 
estimated to be $300 to $400 million.144 This price includes the money 
necessary to set up nationwide dealerships and nationwide service 
facilities as well as a cost increment because of anticipated subcon- 
tracting problems. In addition, it includes money necessary to sustain 
a faiily high rate of production in order to produce vehicle at 
minimum cost so that it is economically competitive with its ICE 
counterpart. The extremely high price of ^y/^^from^e?^ 
vent any independent steam automobile manufacturer from directly 
entering the automotive market. .__ ,

Such large capital expenditure is all the more unlikely, givenit 
risks of such an undertaking. Assuming the innovator meets with 
initial success, such success is likely to be short livedThe automoWe 
industry is capable of responding to any innovative competitive threat 
by producing a Rankine vehicle of their own.

ssssiMs 

th? automobile industry in an area where the advantages accruing to him 
small and the disadvantages overwhelming ?

Any development and marketing of a Rankine P10^181^.^^5 
will take place only when an entrepreneur overcomes Hie :^tmipated 
costs of direct entry. He must figure a way to reduce the cost ot estab 
lishing nationwide dealerships and service centers and to 
cost of manufacturing his own nonpropulsion system automotiv e com 
ponent parts. Ideally, he must also figure a way to market a price com- 
netitive product at a low initial production rate.
1 One wav to accomplish these goals is to contract with an e?lstl£g 
automobile manufacturer to provide Rankine propulsion units for 
some of its vehicles. By marketing Rankine propulsion system units

Hearings at p. 10.
Hearings at pp. 65-66.
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a1?. °;g“ization with existing dealer and service networks, 
mtial capitalization costs in those areas would be considerably re­

duced. A new propulsion system would require some service invest- 
firintie^Th '686 .“r d be dev®1?Ped >n conjunction with existing 
facilitiesrhe cost of nonpropulsion unit parts would be eliminated 
because the automobile manufacturer would supply those parts The 
remaining problem of manufacturing a price-competitive product 

7ltial Function could be overcome if the Rankine system 
a2? aut0 ,comPany were willing to accept temporarily 

f lower than the existing one. Any such effort
h°wev®r’ ky a corresponding profit reduction by 

industry members not producing Rankine-powered vehicles J
Another way to reduce entry costs is to sell Rankine vehicles in 

specialized markets until production is raised to a level where a com­
pany can offer vehicles generally at competitive prices. Such markets 
exist where vehicles such as buses, taxis, or trucks are used in fleet 
operations within a limited geographic area.146 Such fleet sales would 
not require extensive dealer networks. The servicing costs would be 
i^fT^ fleet operations usually have their own central servic- 
w^l^ the^ankme vehicle producer worked in concert 
with an existing automobile company, the costs associated with non- 
Pautomotive part procurement and low-volume production 
would still have to be sustained. Too, such an approach would not lead 
immediateiy to widespread development and marketing, but as an 
method^ Rankine development it may be the only practicable 

nf^? nfhPeCUlat^^ USed alone or in conjunction with one
of the others, might be to try to create a consumer demand for 
Rankine cycle vehicles by building prototype cars and publicizing 
then- advantages. Once a customer demand has been created, then 
the automobile industry might respond by developing an innovative 
propulsion system. Ford Motor Co. suggests that customeJdemand 
p -u + ”A successful race car, for example built at a cost far below the $300 million direct-entry cost, might 0^-’ 

for znd

RECOMMENDATIONS

Federal, State, and local governments have an immediate and 
pressing duty to protect the health of the American people by curbing 
dangerous vehicular air pollution. It is clear that present efforts t2 
curb pollution by regulating new car emission levels are wholly un­
satisfactory. Therefore, Federal, State, and local governments should 
m^nt a.nd comprehensive steps to encourage the develop­
ment of low-emission vehicles. 1
Congress Should Pass Legislation Requiring Government Pro­

curement of Low-Emission Vehicles
requir“g Fed?«! procurement of low-emission vehicles 

ill foster low-emission vehicle development. Such legislation will 
tenth“of 1 aedd a,one is tremendous. If only one-

could be converted in only one of the potential mTrkVarea?^ $ i0D’ and this 18
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make feasible independent innovative development of low-emission 
vehicles. By offering legislatively guaranteed markets, a reasonable 
rate of initial production is possible.147 Initial costs of low-emission 
vehicles can thereby be made more competitive with existing vehicles. 
Large capitalization for nationwide dealerships and servicing centers 
is unnecessary. Sales of these vehicles can be arranged centrally with 
the purchasing agents of the various departments thereby reducing 
marketing costs, and many Government vehicles are centrally serv­
iced thereby reducing investment costs for service centers. The legis­
latively guaranteed market also provides impetus for an existing auto­
mobile manufacturer to close ranks with any low-emission engine 
producer, thereby minimizing the cost of nonpropulsion automotive 
parts to the innovator.

Secondly, the procurement legislation creates a consumer demand 
for low-emission vehicles. This demand might prompt Detroit auto 
manufacturers to accelerate their development work in the low- 
emission field.

What form might this legislation take ?
Federal procurement finds precedent in California, the acknowl­

edged leader in the air pollution field. Federal legislation should be 
modeled after California’s Low Emission Motor Vehicle Act.148 The 
California act defines a low-emission vehicle as one which “does not 
have exhaust emissions of more than 0.5 grams per mile of hydro­
carbons, 11 grams per mile of carbon monoxide, and 0.75 grams per 
mile of oxides of nitrogen.” 149 After the Air Resources Board certi­
fies the emission levels, the Department of General Services in con­
sultation with the Board determines if the low-emission vehicle meets 
all the following requirements:150

(a) Such vehicle can be manufactured in sufficient numbers for 
the purpose of proper evaluation.

(6) Such vehicle meets the performance needs for State vehicles. 
(c)If such vehicle is purchased by the State there would be a 

sufficient number of servicing and maintenance outlets.
(d) The average servicing and maintenance costs for a low- 

emission vehicle are comparable to the average servicing and 
maintenance costs for all other State passenger vehicles, but in 
no event shall the average servicing and maintenance costs for 
low-emission vehicle exceed the average costs of servicing and 
maintaining all other State passenger cars by more than 50 
percent.

(e) The cost of such vehicle does not exceed by more than 100 
percent the average cost of State passenger vehicles purchased 
in the preceding fiscal year.

mt Total net fleet inventory for all Federal agencies (civilian and military, not including 
troop training or tactical vehicles) amounted to 380,758 vehicles as of June 30, 1968. This 
included 68,065 sedans, 13,560 station wagons, 3,763 ambulances, 12.488 buses, and 282.882 
trucks. Total Government agency purchases for passenger-carrying vehicles amounted to 
$26 047 272 for 15,706 vehicles. Total expenditures for buses, ambulances, and trucks in 
fiscal year 1968 amounted to $128,736,562 for 46,360 vehicles. (See “Annual Motor Vehicle 
Report—Fiscal Year Ending June 30, 1968,” GSA (February 1969).)

The Post Office alone on Sept. 10, 1968, put out to bid an order for 24,000 quarter-ton 
delivery vehicles for use by urban letter carriers.

ms This bill added ch. 5 (commencing with sec. 39200) to pt. I of division 26 of the 
Health and Safety Code, and to add sec. 14808.5 to the Government Code, relating to low- 
emission motor vehicles.

mo Sec. 39201.
150 Sec. 39203.
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Vehicles meeting these requirements will be purchased in quantities 
determined by the Department of General Services, but in quantities 
no less than 25 percent of all motor vehicles purchased by the State 
the previous year.

Federal procurement legislation should follow’ the California model. 
The cost and required purchase percentage, however, might be revised. 
Federal legislation might set a lower price per vehicle. Such price 
might be determined after considering the required purchase per­
centage. A sliding scale based on the year purchased and the quantity 
of purchase might be worked out so that more money per unit is avail­
able for initial purchases, of fewer vehicles, but as production in­
creases and per unit costs decrease less money per unit is available.151 152 153 
But the problem of vehicular air pollution is so great, and a solution 
so urgently needed, that cost should not impede a broad-scale Federal 
procurement program.

It should be noted that proposed legislation would initially create a 
market only for Rankine or electric propulsion systems because ICE’s 
have not reached the required emission levels. But the legislation it­
self would be written in terms of emission goals, not types of propul­
sion systems. If modified ICE’s can meet the requirements of the 
act, they would also be eligible for purchase.

Prior to passage of Federal low-emission procurement legislation, 
the various agencies should undertake voluntarily to purchase a lim­
ited number of low-emission vehicles. For example, last year in re­
sponse to a letter from Senator Magnuson, the Assistant Postmaster 
General explained Post Office procurement practices:

When, and if, industry offers a propulsion system which can effectively per­
form in our rigorous service, the Research and Engineering Appropriation is 
available for purchase of experimental units.182

The Post Office should be encouraged to devote such funds to Ran­
kine propulsion systems. If experimental models prove satisfactory, 
then plant and equipment appropriations should be used to purchase 
sizable quantities of those low-emission vehicles.
State and Local Governments Should Adopt Low-Emission Vehicle 

Procurement Policies
By adopting low-emission procurement practices at the State and 

local level, the advantages discussed above are reinforced.
The Department of Transportation Should Finance Demonstra­

tion Projects Which Test Various Transportation Applica­
tions of Low-Emission Propulsion Systems

The Department of Transportation is charged with the responsi­
bility of planning for the transportation needs of the country. In 
exercising its responsibility it should continue to study, test, and 
develop low-emission propulsion systems, particularly the Rankine 
cycle system. In this connection the Department of Transportation 
should support Rankine-cycle experimentation in urban transportation 
systems. Continuing support should be given to the steam bus demon­
stration projects.163

161 California provides for purchasing low-emission vehicles even if they cost up to 100 
percent of the normal purchase price for that type vehicle. The potential California market 
is about 700 vehicles at the minimum 25 percent level. If the Federal Government adopts 
procurement, it probably could reduce the cost differential to 50 percent or less because 
of savings associated with a larger production rate.

152 App. B (postal letter).
153 See discussion in text accompanying footnotes 100-103 supra.
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The Department of Transportation should also research, develop, 
test, and evaluate low-emission propulsion systems in terms of their 
overall transportation characteristics. For example, there is some talk 
these days about open automobile-carrying pallet systems for con­
ducting interurban and intraurban peak traffic loads. Low-emission 
propulsion systems for automobiles may have peculiar advantages 
in future integrated transportation systems. Indications are that the 
Rankine cycle has many potential advantages because it can provide 
auxiliary service to the automobile on the pallet or conveyor—- e.g., 
heat and air conditioning—for extended periods of time without idling 
and ruining the engine The intercity and urban transportation divi­
sions of the Department of Transportation should coordinate the 
study, development, and testing of low-emission propulsion systems 
and evaluate their integrative capabilities
The Department of Health, Education, and Welfare Should De­

vote a Greater Portion of Its Research Funds to Inherently 
Low-Polluting Propulsion Systems

Present automobile air pollution control research expenditures are 
concentrated in areas designed to improve the emission characteristics 
of the ICE.154 Government research and development expenditures on 
inherently low-polluting propulsion systems should be increased be­
cause such systems may offer the only practical solution to the auto­
motive air pollution problem and because such expenditures will not 
ultimately detract from ICE emission control—industry will merely 
increase its efforts in the ICE control area when research in a com­
petitive field is intensified.
State Licensing and Taxing Authorities Should Consider Creat­

ing Economic Incentives for Private Ownership of Low- 
Emission Vehicles

State and local governments should consider imposing an additional 
registration fee on all motor vehicles, with the amount of the fee 
determined by the emission characteristics of the vehicle. Those with 
high emissions would be severely taxed: those with low emissions would 
escape the tax. To provide for proper assessment and to insure that 
appropriate emphasis is placed on maintaining the effectiveness of 
emission control devices, where used, such a program could require that 
each vehicle be tested for its emission characteristics when given a 
periodic inspection as required under the Federal highway safety 
program.155 Such a tax scheme and inspection system could create 
a private customer incentive for purchasing low-emission vehicles 
which retain their favorable emission characteristics over a period of 
years. The proceeds of such a tax which fairly allocates burden could 
be used to meet the escalating social costs of vehicular air pollution.

See discussion in text accompanying footnote 139 supra. . . o
155 See app. A (Clayton’s letter) where a procedure for testing vehicle emissions is 

presented.

26-248—69------ 3
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appendix aLetters were sent to—
American Motors Corp.
"AryX^"' Barber NiCh°1S CO., 6325 West 55th Avenue

*CJ' BeSter’ B6S1" Ine., 4053 Harlan Street, OaMand

C°’ 4213 Te“Ple C“y “‘""—'I E> Monte, Calif.
763 C0"™1-" Cambridge, Mass.

Day-Land Pattern & Manufacturing rn ncn a- , ~ 
^tS E”“S' 8391 p^ 
Ford Motor Co.
MM^Chard S' Morse’ Energy Systems Inc., 141 California Street, Newton,
Mr. Roy R, Ferrier, Roy R. Ferrier Co., 5737 Venice Boulevard, Los Angeles, 

' Knon°R<tdAGr?e°nsb^ A' GibbS’ Gibbs'Hosick Trust, 2110 Rocky 
?!r‘ wU!lam Eear, Lear Motor Co.. Reno, Nev
Paxvelnc.^dS Avenue, Sarasota, Fla.

• 339 Ba^aya

3337. St. Louis, Mo.
Mr. Simon MacKav Somac I td St-3" FI,ancisco’ Calif.

Box 4, Ambler. Pa.^ ' 1 Bliams, M ilhams Engine Co., Post Office
San Diego Gas & Electric Co., San Diego, Calif.

s, Inc., 3800

[Copy of letter of inquiry sent]
Mr. W. v. Luneburg, January 16, 1969.
President, American Motors Corn 
Detroit, Mich. '
preparing a rZX^thXeam® “VT k™3'6 Committee Is currently
before the (StS » ”?! GolntTS^
Pollution of the Committee on Public ivnlit1 t’Sq on Air and Water
(1968).) In the report wTwHl Senat^ 90th Congress, 2d sess.

discuss the role of the low-emission vehicle in^3r 311 P°llutl0n Problem and 
problem. emission vehicle m reducing or even eliminating this
occurred We^idd H thfsTepor^to bS t? tbe. low-emIssi°n field have 
cussing the recent developments Spfnrp Z ^arin^ «P to date by dis­
information which vou can send n« Y^ld appreciate receiving any
been making in developing a low-emission engine. 6 pr°gress your comPany has 
approaching. W^wouIdYpnreciate a^sneed81 publication of the report is fast 
aDyqu|^0^ this in<luiry- If you have

S. L. Sutcliffe,
* Counsel, Committee on Commerce.
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American Motors Corp., 
Detroit, Mich., January 2 'h 1969.

Mr. S. L. Sutcliffe,
Staff Counsel, Committee on Commerce,

the time of the hearings engage < undertaken indepth reviews of hybridand electric-type vehicle. We have seriously und^akenmaepi^
electric devices to see w^at aPP^ a program to develop the application of 
programs. Additionally, we are pu g regarded potential supplier of this 

St“4ulpSn#e h^e^ begun to consider this latter alternative but are 
presently optimistic about its “^“M^rTls’higlily interested in developing a

As you might imagine, Amen »an Motora is “fv would this have advantages 
K»“iT^ but'" upon it as a rare opportunity for our

company.
Sincerely, Gerald C. Meyers.

Chrysler Corp., 
Detroit. Mich., February IS, 1969.

Mr S. L. Sutcliffe,
Staff Counsel, Committee on Commerce,
U.S. Senate, Washington, D.C. of January 16, addressed

Dear Mr. Sutcliffe : This isJ inreply t:o 1 were checking SUpple-
to Mr. V. E. Boyd, president, Chr^.er hearings.

Sir ta"'’

able to start at subzero ’ j^^iments in the successful application
working fluid has been one of the re { powerplant of reasonable size and 
of steam power to automotive vehl^;V*ea^^^ pressure. This imposes 
high efficiency requires extremes of bo 1 found nothing that
severe limitations on the Xacteristics low cost and ready availability
S waw'/Tgato « areS bS to the unsolved' problem ot cold weather operations

at Chrysler on cydea^iysis, design and t powerplant may be
SkdXSS its much-discussed characteristic of

^^^SS-it should
probably no better than ot er PO^ sib ch are continuing at an ever-accelerat- 
research efforts over the last 20 years, ible to limit the exhaust emis-»m V^to^^ Where they should be as

SS^^tSour position in this important

field. Yours very truly, L. B. Bornhauser.
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Mr. S. L. Sutcliffe,
Staff Counsel Committee on Commerce, 
C.&. Senate, Washington, D.C.

Clayton Manufacturing Co., 
El Monte, Calif., January 21, 1969.

progress5reports°ot.rX'vSpmente^the0?..™^” January 15- I9«9- regarding
Manufacturing Co. has not T1M
long-range development program in the form of to be an extremelyspark ignition automobile type engine Rathod ^placement powerplants for the 
house development funds on the problem of mnnH ^aVe Spent COnsiderable in- 
produced engines, with the telief that 7ent in-nse or newlyiX^ we can contribute t0
Ing twoPoopi‘es of a'semTtectalcak^ ??.d "c' therefore, enclos-
precedes the paper to give vou at r-!e, , i' 8 activity. A short abstract

to the this iS~ wo“id uke to Mntrib“te
T7. „ E. L. Cline,
I ice President, Dynamometer Division.

[Enclosure]

A Realistic Vehicle Emission Inspection System

DiVis!oa’ and ™am, Chief 
El Monte, Calif.) ’ * er •^lvision» Clayton Manufacturing Co.,

abstract

aid those seeking to eSlis^a^app^oplikte effwT^011 Sy8!?m is described to 
Quality Act of 1967. appropriate effort in compliance with the Air

This proposed inspection system is suitable for v . .
preemission controlled automobiles it k emission controlled andindustry corrective measured sin^ auto service
of unnecessarily high emissions for e>mbrrnJ.fliSU1^ as to Probable cause 
tial to avoid abnormal corrective exwJsZ capability is essen-
high emissions due to inadeqZe ZE ^e^e repairs or continued 
repeatable an^conSent^n Tnluralifv thf .lnspect.io11 Process, yet results are

The net gain in lower emissionoff? af. inspec«on stations.
because the point of rejection is no^S1/^1?11 °f inuse vehides is large 
sion vehicles ejection is no longer dictated by the inherently high emis- 
vehicles, and only Ze fo^pr^missi’o^con^ f°r emission controlled
mestic and foreign makes These This includes all do-
imtially liberal and gradually tightened re dGxible *n that they mav be 
Ranges °r future spark ignition eS deZs^in^ ^arrSnt Such I^cy 
the hardware required to perform this inspection * Slgnificantly obsolete

The fundamental techniques employed normii
equipment and instrumentation with ?esiil^?inw^ —greatly simplified 
reliability than previously envisioned meaningful i CGst and increasedA study of nearly 1,000 automobiles aaingful inspection methods.
this proposed inspection system Qualified norO.1'penod ev°lved and documented depth desired by contacting the authors. d P maF study this work to any

ORIENTATION

relative a 1-mlnute mass vehicle 
priate effort in compliance with t^A^r o™.^ “taHWl an appro- 
a full verbal disclosure of the developmentwar? ^T-Tlme wl" I*™“t 
em.ss.on controlled and preemission
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acquaint you with our qualifications to bring such a system into reality. Over 
28 years of experience in prescribing the technology for inuse vehicle and aircraft 
inspection and diagnosis does afford us a background of practical experience. 
Nor will time permit more than an acknowledgment of the library of foreground 
material relative to spark ignition engine emission control that our engineers 
digested, or the months of data analysis that was necessary to the creation of a 
realistic vehicle emission inspection system.

Time requires the almost flagrant use of flat statements with . but meager 
explanation. However, our entire files are open and equipment and instrumenta­
tion is demonstratable in the event qualified persons wish to pursue this matter 
in depth. Be assured that a realistic mass vehicle inspection method is here. 
It will serve emission and preemission controlled “inuse” or “newly produced” 
vehicles. , , , . „The automobile industry is building vehicles today that are basically capable 
of polluting the atmosphere at a rate far less than that of their predecessors. 
Engines with low potential emissions are truly a reality. The task before us is to 
see that their potential is exploited during usage. To do so simply requires a 
reasonable basic engine maintenance. .

Owner neglect and/or inept maintenance practices cause degradation of any 
mechanical device. Even with their great inbuilt reliability, the automobile 
engine is no exception. A large number of engine malfunctions or maladjustments 
adversely affect exhaust pollutants. Yet, any car can seemingly run very well 
and still be pouring dangerous pollutants into the air. “Exhaust pipe halitosis” 
is like human halitosis—few people know when they have it. This is one reason 
why voluntary maintenance is phychologically unsound. Compulsory maintenance 
must be minimal and, therefore, it is technically inadequate, particularly as 
vehicle mileage accumulates. Furthermore, the captive market, resulting from 
compulsory maintenance, will swell the ranks of incompetent repairing agencies.

Visual inspection can detect obvious defects like burned out light bulbs, etc. 
Unfortunately, the engine malfunctions that cause unnecessarily high emissions 
(in both emission controlled and preemission controlled vehicles) are not obvious 
either through casual or deliberate visual inspection. It is necessary to “look” 
almost directly at the engine internals to know if it is operating at or near its 
basic minimum emission capability.

In the interest of safety, no one debates being required to replace light bulbs. Is 
it so different to be asked to keep our engines in reasonable repair so that each 
vehicle only contributes its share rather than the equivalent of several, to the 
pollutants reaching the air we all breath? There is little question of equity to the 
individual if he is shown when a malfunction exists, that, it left uncorrected, is 
indeed a menace to himself and the public interest.

Adequate periodic inspection is the implement to greatly reduce emissions now. 
Further, it can assist the motorist in the attainment of a high degree of vehicle 
reliability, safety and economy. However, there have been many technical dif­
ficulties associated with emission inspection. Experts are aware of these, which 
probably accounts for suggests alternates, including compulsory vehicle main­
tenance. We believe it is apropos to outline the hazards of inspection before sug­
gesting a solution.

THE IIAZAKDS OF INSPECTION

To assure uniformity of vehicle protoype tests, the U.S. Government has adopted 
the “seven mode” driving cycle. This cycle subjects the automobile engine to 
several modes of operation indoors, typical of popular urban driving outdoors. 
Carbon monoxide (CO) and unburned Hydrocarbon (HC) content in the 
vehicle exhaust is monitored as the vehicle is operated through these several 
modes. The “weighted” values of CO and HC for the total seven mode test is 
subject to Government regulation. The seven mode cycle and the prescribed gas 
analysis methods operating together as a system has proven to be most useful for 
the development and certification of new vehicles. It, however, is too sophisticated 
and time consuming to be employed for mass vehicle inspection. The testing of 
millions of vehicles require a quick test cycle of 1% minutes or less.

Several States have legislation or are seriously considering testing exhaust 
emissions of all “inservice” vehicles. Various quick cycles have been proposed that 
consider combining the weighted values of gases sampled during two or more 
modes of engine operation and correlating the results with those of the seven 
mode cycle. While the “average correlation” of a group of vehicles may be ex­
cellent, true vehicle-by-vehicle correlation of such test methods is poor. Vehicles 
are designed to meet regulations on the seven mode cycle. Such quick inspection 
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methods actually test them with a different yardstick. For example, some vehicles 
indicate 50 to 250 percent more IIC on a quick cycle than they actually produce 
on the seven mode test. What is a State to do with such vehicles? Conversely, just 
think how lucky the motorists will be whose vehicles only test at 50 or 60 percent 
of their true seven mode value. What is to be done for older vehicles who have 
no seven mode standards? Actually, if results on a quick cycle correlated with 
results on the seven mode cycle, the longer seven mode cycle could be eliminated 
even for laboratory testing. Furthermore, mass inspection facilities built to 
match the then used certification test methods can become obsolete. For example, 
how long will the seven mode cycle be used for research and certification testing?

Vehicle individuality is such that identical models have different “weighted” 
values of emissions even when in perfect condition. Figure 1 is a plot of HC 
against vehicle population. Curve A shows the HC emission level expected when 
properly tuned emission controlled vehicles are tested on the seven mode cycle. 
The slope of curve A shows that some vehicles are inherently “low emitters” 
and some are inherently “high emitters.” A similar characteristic exists for CO. 
A single value HC reject baseline, such as B, would reject approximately 20 per­
cent of these cars, yet they have no malfunction. A higher reject baseline such 
as C permits the acceptance of most vehicles even though they would be pouring 
unnecessarily high emissions into the air. Yet, with this high and relatively 
wasteful reject baseline, 1 percent of the total vehicle population cannot be im­
proved by a repairing agency because they are already up to manufacturer’s 
mechanical specifications. These are typical characteristics for all cars. Even 1 
percent of a 100 million vehicle population is 1 million cars. The lack of correla­
tion between the seven mode and quick cycles can even more alarmingly swell 
this volume of potentially rejected cars even though they are at their best emis­
sion capability.

The retest of rejected vehicles after repair, to determine if the repair has, in 
fact, been made and made properly, will again reject the inherently high emitter 
regardless of any improvement in emission resulting from competent repairs. 
This is why it has been said that thousands of motorists will be “bouncing back 
and forth between inspection and repair facilities like a ping pong ball,” with 
no hope for reprieve. We submit that the relationship between this kind of in­
spection—the car owner—-and the repairing agencies would become uneasy indeed.

These problems, and more, had to be overcome in the development of a realistic 
mass inspection system. A more fundamental approach was indicated.

A NEW LOGIC FOB MASS INSPECTION METHODS

When any vehicle exceeds its basic emissions capability, it is because of malad­
justment or malfunction. Why, then, not employ an inspection method that 
simply exposes the engine faults that cause unnecessarily high emissions? Con­
versely, when no pertinent faults exist, each engine is as good as repairing agen­
cies can keep it and should be regarded as acceptable.

DEVELOPMENT OF A FAULTFINDING TECHNIQUE

Being oriented toward total engine performance diagnosis, our engineers could 
efficiency address themselves to the easier task of developing engine “faultfind­
ing” techniques. Data by others (I)1 as well as our own earlier studies, indicated 
that CO and HC levels in engine exhaust are indexes of abnormal operation. For 
this reason, and because CO and HC are the legislated culprits, we elected to 
retain instrumentation that would measure these gases. The monitoring of thou­
sands of inservice vehicles to develop total diagnostic techniques had taught us 
the kinds of engine operating modes that most reliably cause all engine malfunc­
tions to occur (2), The job at hand was to learn the minimum number and 
variety of operating modes required by all standard vehicles to expose the engine 
malfunctions responsible for unnecessarily high emissions. The first work in­
volved both preemission controlled and emission controlled vehicles representa­
tive of all U.S. engine types, displacements, and carburetor and transmission 
options.

This work did define the operating modes. Those which most reliably exposed 
engine faults were labeled “key” modes. The resultant three mode steady-state 
inspection cycle requires 1 minute and is known as the Clayton key mode cycle. 
Our studies to date include nearly 1.000 vehicles. Each added group of vehicles 
merely confirms the reliability of the key mode test method.

1 Numbers in parentheses designate bibliography at end of paper.
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To many motorists, the vehicle engine is only a monster under the hood that 
demands gasoline, water, and oil periodically. If it responds to his satisfaction 
when the throttle is depressed—nothing is wrong.

At the other end of the spectrum is the design engineer and the manufacturer 
whose refinements have made possible the simplicity of operation and reliability 
of today’s engine.

In between is the mechanic who must understand the basic simplicity of the 
engine if he is to maintain the design performance as well as the new parameter 
of low emissions.

The engine consists of three main systems :
1. The main body is a 4-cycle air pump of special design. The amount of 

air pumped is dependent on engine speed and the opening of the throttle 
valve at the air inlet. Thus, air flow is infinitely variable as the throttle 
is opened and speed is allowed to change.

2. Economy, performance, and low emissions are highly dependent on the 
ability of the carburetor to meter an optimum amount of fuel throughout 
the entire range of engine operating conditions. Fuel flow variation re­
sponds automatically to the signals of velocity and/or pressure resulting from 
changes in air flow.

3. Ignition timing is also infinitely variable within its specified range 
and responds automatically to signals resulting from changes in speed 
and throttle opening.

Operation of these systems is not haphazard. The manufacturer has designed 
automatic coordination so that they function in a predictable pattern if there 
is no malfunction or adjustment. All of these variations result from just open­
ing the throttle as the motorist demands an increase in speed or power.
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FIG. 1 - Hydrocarbon versus Vehicle Population. Seven Mode Cycle. Vehicles in 
good condition and set to factory standards.
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INSPECTION DESCRIPTION

A simplified chassis dynamometer ts used as for the°engine to work against, 
imposes a load through the vehicle drn g t tically imposes an increasing 
The dynamometer is so designed that, it « occurs on an actualengine load as vehicle speed is creased. This is also ^t^occu^ regardless of 
road. The dynamometer requiresinL P‘ tested Thus, a constant “indoor the make, size, or weight of the automobile to be tested.^nus, operated

SbXh^e^^ "Volo® 18 imPOT“n‘’ 0118
be expensive with current dynamometer tech™ a predetermined miles per

It is only necessary open the vehicle throttle card. (The
hour at high cruise and log the COand HC ^rottle is then closed to
logging can optionally b* CO and HC followed by

£ n”d foreign automobiles. It is quick and reliably
repeatable by thousands of1 inspeeUou personne . under test. Therefore, there

No connection is made to any part of the vrtKle ,0 varlous vehicle

hydrocarbon gas analyzer. -oo-ordinfr the suitabilitv of CO and HC

™ “Aments. This significantly contributes to lower

tively low-skill-level personnel.

IDLE ROLL
SPEED METER

DRIVE ROLL

VEHICLE DIRECTION

POWER ABSORPTION UNIT 
«•3 - sx

obtain proper Key Mode test powers.
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FIG. 4 - Block Flow Diagram of Simple Exhaust Gas Sampling and CO/HC
Readout Instrumentation. Conditioner cleans gas sam^. 7

REPAIR aids

of the manutact^T^the'serv'iee'indnSr e?"'88'”” reductlon Involves problems 
tlon methods. They ^1?^ eonSd^ .eliabmty 0? ta"™’

Inspection without the canabilitv nf ‘Is lsolated from each other.
to the intent of the inspection It seems probably spell failure
tion between inspection and service test methX ere should be correla­
ting caught in an exasperating and the Grists from
cost inspection can provide guidelines that inJi If’ Wltbout added time or mode of operation, and the * o the of malfunction, the
better probability that the vehicle null bX Problem, there is a
Pass inspection when it returns paired at a lower average cost and

the Of determine

(Typical examples are on displav fo?S’1^ modes of the seven-mode cycle 
ing.) These graphs show rand^ °r e.xamina«on after the
others show groups of emission control ?ntro1 vehides and
Graphs were also prepared to show jcles vnth identical model engines
tuneup to study this effect It was the lndividual modes before and after engine each other and study ae 0“rrt pmMem o? om/X1’" wK

^OTE. Detailed examinations reveal whv the 1;,sion inspection and service. 
^£>7 expec^ed t0 deviate drasticallv from seven mlSe0? ,Tighted quick cycIes

These graphs show that the key modes of tZst n™J on many vehicles, 
whether a vehicle is in good reoair nr w J 1 reliable and vividly indicate 
high emissions throughout the legislated onerXfUnCtl°n cfusin^ unnecessarily 

® levels in

5. ft Includes a box for 
emission control vehicles A nnvinm^ n cruise. This particular card is for The printed values are tboi“ve X X n,';'"!' ,‘S printed *"
1 mles both before and after tnnenm of on many ve-
depreciation. A similar card, but W’ith higher values for reasonable
for preemission control vehicles. ’ ‘dues of CO and HC is required
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NOTE: VALUES ARE THOSE WE SUGGEST AFTER DETAIL 
STUDY OF DATA ON MANY VEHICLES BOTH BEFORE 
AND AFTER TUNE-UP.

FIG. 5 - Example - Inspection Report Card.

11 ca? ^aTaLSi?of inromplete combustion and is reliable ns a “go no go" 
indicator of air fuel ratio
centages of CO is an indication © . f idle adjustment only.CO in the Idle key mode only. ;shows the need for m n«■ J These are 
High CO in the cruise modes.shows need for carburetor
examples of distinct guidelinesit restricted air cleaner or choke

«>”be re'““ed thr°ugh visuai
"TS&test
cates that gas is escaping f™m , combustion If the ignition timing is 
without being properly subjected ’ t‘ either ignition mislire or
within reasonable tolerance, Jo of an eight
valve problems. I or examp e, I c more than 10 times normal. Obvi-

but
there is always a dramatic rise in ev e . Diuraiitv of the report card« byThe'repairing agencies is

accomplished with a “truth chart. is defined as a procedural outline

that guidesthe.repairingagonesto
assurance of success, mere die ia j affnosis The “paper computer ’

1118 a
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”o inspection effort, yet win heip immensely

-h a printed 
and HC on the motorist’s safety, and potential lift nttft °f abnoruiaHy high CO

inM“ " «>at cause unnecessarily high emissions are shown

“MfSt AM”h(Zta?Zthe ma"y ’ehicles- The
residue in the engine that is indicated by the hieh /nt; the excessive carbon 
with his “truth chart” will know that mil! tn^n0 ,/dle The mechanic 
can correct this one condition and feel confident to! Is required. He
W ithout such an inspection report, he would havof! Zhhl?e W111 pass insPection.

PhaSe "
lhgh h ? at CrUise* The ‘ tr«th ^a^ indicated by abnormally
the choke is not stuck partially closed S that ft! “echanic to visually see that 
If these are satisfactory, a carburetor overh^?! leaner is not restricting, 
carburetor overhaul was required because the now1190-6 Tary‘ In tbis instance, a

figure 6-C reports excessive HC and normal^O^h^^nT^6 stuck °Pen-
S Jen/ral condition indicated by high HC^nd^ ® ¥otorist Aid” explains 
at fa^leSS Kj

’ and then for abnormal compression loss. This ^Sp^w™ Xd

report cards indicating four typical malfunctions

FIG. 6 - Examples of Completed

NAME 
-------------

a OWNER STAT.ST.CS

IDLE LOW 
CRUISE

HIGH 
CRUISE

-CO­
CARBON 

MONOXIDE

MAX. 3% 

sv
MAX 2.5“/

.5
MAX. 2%

.25

-HC- 
UNBURNED 

hydrocarbon

MAX.
290 PPM

3/5

MAX.
240 PPM 

z/o

MAX.
220 PPM

/35
•/= REJECT

-------------- ----------------------- 6-A

VEHICLE /»»/> AZ 7

chicle a owner

IDLE LOW 
CRUISE

HIGH 
CRUISE

-CO­
CARBON 

MONOXIDE

MAX. 3%

2.0
MAX. 2.5% 

zj*
MAX. 2% 

.?

-HC-
UNBURNED 

hydrocarbon:

MAX 
290 PPM

490/

MAX. ~
240 PPM

380/

MAX.
220 PPM

305/

= REJECT
_ G~C __

I

YrHlCLEV?//

VEH10LE a OWNER STAT.ST.CS

IDLE LOW 
CRUISE HIGH 

CRUISE
-co- 

.CARBON 
monoxide

MAX. 3% 

z./
MAX 2.5%

3'SJ
MAX.2%“'

5.4J
-HC- 

UNBURNED 
hydrocarbon

MAX 
290 PPM

/9O

MAX.
240 PPM

335 i

MAX.
220 PPM

295
REJECT 

b~B

Report Cards, indicating Four Typical Malfunctions.

NAME

vehicle a
OWNER STATISTICS

IDLE LOW 
CRUISE

HIGH 1 
CRUISE

-CO­
CARBON 

MONOXIDE

MAX. 3%

2.4
MAX 2.5% MAX. 2%

.75

-HC-
UNBURNED 

hydrocarbon

MAX.
290 PPM

MAX.
240 PPM

/8O

MAX.
220 PPM

v/= REJECT
L—_________ 6-D
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by an exhaust valve that was not seating properly, thus causing abnormally high 
HC in all modes of operation.

Figure &-D shows another problem. It was caused by intermittent ignition 
misfire. The resultant engine surge was “damped out” by the fluid drive of the 
automatic transmission and, therefore, not known to the owner. This might be 
any one of several ignition problems, but turned out to be bad spark plugs.

The “truth chart” will include routine instructions, found by experience to be 
good maintenance practice. For example, if a vehicle has been rejected for high 
idle CO, this does not necessarily mean that only an idle adjustment is recom­
mended. If upon removal of the air cleaner the carburetor is found to be 
“varnished up,” it should be cleaned. Otherwise idle may not remain in adjust­
ment. It also seems reasonable that, all vehicles rejected should routinely have 
the basic timing, idle speed, and mixture adjustment set to factory specifications.

Note.—The appendix includes the above four examples showing both the “as 
received CO and HC levels” and “the resultant levels after corrective repair.”

MEANINGFUL AND EQUITABLE REJECTION STANDARDS

Figure 7 is a distribution graph showing vehicle population in percent plotted 
against Seven Mode HC emissions on three groups of vehicles when they are in 
good repair and set to factory standards. Curve “A” is for preemission with 
manual transmission; curve “B” for preemission with automatic transmission, 
and curve “C” for emission control vehicles. The three baselines (one for each 
vehicle category) are the type of acceptance standards that have been proposed 
for combined mode quick cycle tests. Let’s consider the problems involved even if 
there was correlation between the quick cycle and Seven Mode.

As explained in conjunction with Figure 1, the baselines will have to be set 
high so that too many vehicles in good repair will not be rejected for excessive 
emissions. Secondly, combined mode testing provides no way of telling whether 
the vehicle at the point marked “X,” for example, is in good repair or is actually 
a vehicle capable of 150 PPM that has a gross malfunction. The biggest “piece of 
the emission reduction pie” that can be obtained economically, lies to the left of 
the intersection of the distribution (curves “A”-“B”-“C”) and the baselines. Note 
the shaded area for each vehicle category.

It seems logical that maximum overall emission reduction will result from 
placing responsibility for proper engine maintenance on all motorists, not just 
those unfortunate enough to own a vehicle that is inherently in the higher 
emission group. These fall to the right of the intersection of curves “A”-“B”-“C” 
and their corresponding baselines. Raising the baselines reduces the net gain 
from the inspection effort. Lowering the baselines rejects more and more vehicles 
that inherently cannot be improved by the service industry.

The key mode inspection system totally overcomes this dilemma because it re­
ports the emission levels during operation in each of the three prescribed 
operating modes. If, then, there is a malfunction or adjustment that causes 
emission above the basic capability of the specific vehicle under test, it is detected. 
Since malfunctions cause large increases in emissions in the individual key 
modes of test, reject standards are not critical nor are they required for each 
model vehicle.

Unlike other quick cycles, the key modes can be repeated on any dynamometer 
capable of varying speed and power absorption. Hundreds of these are used 
today by the service industry. Garages that do not have such dynamic test 
equipment at least are given guidelines on the inspection report so they do not 
have to make “shotgun repairs” of everything and anything that might contribute 
to excessive emissions.

PREDICTING PROBABILITY OF MALFUNCTION BEFORE NEXT INSPECTION

The key mode system just described does not exceed the power output required 
to perform the Seven Mode test. It, therefore, looks for malfunctions in the 
legislated vehicle operating range. At option (fig. 2) a fourth mode performed at 
nearly full throttle will so stress ignition, carburetion, and compression that 
incipient faults will usually appear. Such faults worsen as mileage accumulates 
until they will cause malfunction in the lower throttle openings of the Seven 
Mode or normal key mode cycle. This can occur between annual inspection periods. 
The optional fourth key mode is a reasonable implement for predicting future 
emissions performance. The fourth mode can be performed in an added 15 
seconds.
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Common examples of such faults are—
>nOt l?n6ommon for components of the ignition system, such as snark 

plugs, to break down at high power as they begin to depreciate Such eon 
obtest “En? hVe-a modest or no effect on Wie and cruise HC at the time 

lowever, it is common for such deterioration to progress ranidlv 
ins^cE.^^ 1 r°ttle m°deS °f enghle operation at a Point in time after 

’V1116^6 that Power enrichening does not occur on well over
€ of a11 v.ehlcles tested. If this malfunction is left uncorrected it 

causes sonous engine depreciation with eventual costly repairs’ as 
well as a premature rise in emissions. A service will be performed f motorist is advised of such malfunctions. performed if the

CONCLUSIONS
1.
2.
3.
4.

A reliable 1 minute mass vehicle inspection system is a reality
It overcomes the technical and public relations hazards of inspection 
Its results are repeatable from station to station.
Low inspector skill levels are practical.

vehicles.'8 SUltablc for both emission controlled and preemlsston controlled

the P™1”™ if the inherently “high emitter ” Yet retinites not omS^ t0 thC of “U standardVoZS

the poInt ot r“is
so that eco-

“MotoriTTl^^ SV?1'16 Owner with a slmPle explanation. The 
and the ^4

3 11 1S*a,n 66011011110 necessity to operators of vehicular fleets

thaa^*0“»'y envisioned meani^Kp'S and 10Wer ,n,“al “st 

acknowledgements

cooperation in supplying us with all data we requested. PP * thelr prompt
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Appendix I. Motorist Aid

fr?yary f° Protect “« b“ltb «■>« 
in safety and economy for the motorist. ndltions indicated will also result

CARBON MONOXIDE (CO)

buretion and a wasted fuel. °f C° 1S lndication of unnecessarily rich car- 
due to minorSexhaust<lsyst™^ caused -passenger compartment, 
response time. Prolonged inhalation or hithTr and retard driver
sleep and eventually cause illness or can put a driver toa normal value will promote both safety ani t^ySveh” l^raUom

HYDROCARBON (HC)

ot tael is pass. CO) will increase HC and Vaste fue^^ rich carburetion (high
HC generally is due to ignition misfire’or leaking F narmal C0 and excessive 
and fuel to escape into the exhaust svstem Y?lves that Permit air
rection of the malfunction wiM resuft takes Place. Cor-
engine. 1 resuIt in fuel economy and a better running
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THESE FOUR SHEETS SHOW THE "AS RECEIVED" 
AND "AFTER REPAIR" EMISSIONS FOR THE FOUR 

CARS SHOWN IN FIG. 6.

Reference Fig. 6-A

AS RECEIVED

IDLE LOW 
CRUISE

HIGH
CRUISE

- co - 
CARBON 

MONOXIDE

MAX. 3% MAX. 2-1/2% MAX. 2%

.25

- HC - 
UNBURNED 

HYDROCARBON

MAX. 290 PPM MAX. 240 PPM

2/0
MAX. 220 PPM

v/= REJECT

AFTER ADJUSTING IDLE CO

IDLE
LOW 

CRUISE
HIGH 

CRUISE

- CO - 
CARBON 

MONOXIDE

MAX. 3%

/.0
MAX. 2-1/2%

.2
MAX. 2%

- HC - 
UNBURNED 

HYDROCARBON

MAX. 290 PPM MAX. 240 PPM

/?5
MAX. 220 PPM

/45

26-248—69- 4
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Reference Fig. 6-B
AS RECEIVED

IDLE LOW 
CRUISE

HIGH
CRUISE

- co -
CARBON 

MONOXIDE

MAX, 3%

2./
MAX. 2-1/2% MAX. 2%

S’, (a
- HC - 

UNBURNED 
HYDROCARBON

MAX. 290 PPM

790
MAX. 240 PPM

333
MAX. 220 PPM

293
V = REJECT

AFTER CARBURETOR OVERHAUL

IDLE LOW 
CRUISE

HIGH 
CRUISE

- co - 
CARBON 

MONOXIDE

MAX. 3% MAX. 2-1/2% MAX. 2%

.73
- HC - 

UNBURNED 
HYDROCARBON

MAX. 290 PPM

703
MAX. 240 PPM

203
MAX. 220 PPM

763
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Appendix II
Page 3 of 4

Reference Fig. 6-C

AS RECEIVED

IDLE
LOW 

CRUISE
HIGH 

CRUISE

- co -
CARBON 

monoxide

MAX. 3%

2.0
MAX. 2-1/2% MAX. 2%

.7

- HC - 
UNBURNED 

HYDROCARBON

MAX. 290 PPM 

y

MAX. 240 PPM MAX. 220 PPM

305j

^/= REJECT

AFTER VALVE REPAIR_________

IDLE
LOW 

CRUISE
HIGH

CRUISE

- CO - 
CARBON 

MONOXIDE

MAX. 3%

2.0
MAX. 2-1/2%

/. 3
MAX. 2%

- HC - 
UNBURNED 

HYDROCARBON

MAX. 290 PPM

220
MAX. 240 PPM

/7O

MAX. 220 PPM

/6O
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Appendix II
Page 4 of 4

Reference Fig. 6-D
AS RECEIVED

IDLE LOW
CRUISE

HIGH
CRTTTQI?

- co - 
CARBON 

monoxide

MAX. 3%

2.4
MAX. 2-1/2%

X

UloJL
max, 2%

.73
- HC - 

UNBURNED 
hydrocarbon

MAX. 290 PPM MAX. 240 PPM

/So
MAX. 220 PPM

V= REJECT

after replacing plugs

IDLE LOW 
CRUISE

HIGH 
CRUISE

- co -
CARBON 

monoxide

max. 3%

2.0
MAX. 2-1/2%

A3
MAX. 2%

.3
- HC - 

UNBURNED 
hydrocarbon

MAX. 290 PPM MAX. 240 PPM MAX. 220 PPM

723



47

Energy Systems Inc., 
Newton, Mass., January 25,1969.

Mr. S. L. Sutcliffe,
Staff Counsel, Committee on Commerce,
U.S. Senate, Washington, D.C. _

Dear Mr. Sutcliffe : In response to your letter of January 15» Energy Systems, 
Inc. is continuing its development program with emphasis upon the application of 
new technology to—

Small, compact burners.
Steam generator systems.
Study of high-temperature lubricants.

(«) 
(6) 
(c) 
id) 
(e)

Control systems.
Piston-type Rankine cycle engines.
have a complete operating system and are studying markets priorWe now have a complete operating system auu --

to design and development of our first preproduction, prototype unit which w ill 
probably be in the 100- to 250-horsepower range. The system has been privately fi­
nanced. and our company neither has nor has sought any Gover^ent suppo 
for our project, at least to date. We are more convinced than ever that there 
are some commercial projects for use of steam and/or vapor cycle engines ; w here 
questions of pollution, speed-torque characteristics, and noise are important.

Very truly yours, Richard S. Morse.
Roy R. Ferriar Co., 

Los Angeles, Calif., January 28, 1969.
Mr. S. L. Sutcliffe,
Staff Counsel, U.S. Senate Committee on Commerce, 
Washington, D.C.

Dear Mr. Sutcliffe : Thank you for your letter of January 15,1969. regarding 
the report the Senate Commerce Committee is preparing on the steam vehicle 
hearings held in May 1968. .. n.nfnmh

Enclosed is a copy of a statement I was invited to make to the California 
Assembly Committee on Transportation and Commerce on December 6, 
It gives a very brief summary of what I have been doing, and am planning to do 
in the field of steam research and development. Expanding on one part of this 
statement—about the need for a large research grant for steam—I believe this 
is where the Federal Government and private enterprise could well get together 
The untapped potential use for steam power in all phases of our country s tuture 
development—and that of all other countries, too—is practically limitless. This 
is something to which I am deeply committed and vitally interested. I only 
wish it were more widely known and understood what steampower can rea . 
do and accomplish. _ T . 1I am also enclosing a copy of the Steam Power Quarterly vol. 1, No 4, 1^7 
with an article on pages 8 and 9 about the total energy package (TEP) which 
I developed for the Southern California and Southern Counties Gas Companies. 
This unit was built to illustrate the idea of producing light, heat, power, and 
refrigeration from one source of heat—in this instance, natural gas. Any other 
fuel could be used. Here, too, the future use for this steampowered unit is un- 
1 At the present time I am building a steam unit for an automobile, with special 
emphasis on the burner with a low pollutant. I regret that I am unable to furnish 
full details on this project at the prseent time, because we have not yet completed 
all of our tests. , , , . , .. . . . .If you have any questions on any of the above, please do not hesitate to let
me know.

Sincerely yours, Roy R. Ferrier.
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Statement Before: the California Assembly Commtttee on Transportation 
and Commerce, Sacramento, Calif., December 6, 1967

Mr. Chairman, ladies and gentlemen: Thank vou
a P0S8,b,eprime

Angeles doing research and

MuX Tf87 >ust «t our CaEla SUte

efforts in that direction y &m concentratin^ research and development 
grama^m^ TechnoTog^ Punched a%S miWon, 3 w pro*

SgSSSSS siss'lis -;x“ ~ “ "«■ 
=X“?'==~
^ei2-d make a maj°r contribution toward solving the smog problem ° C°n 

toS£V™7quS ‘0 a™Mr bcf“re -’OU- I wm bo happy

Mr. S. L. Sutcliffe,
Staff Counsel, Committee on Commerce, 
U.S. Senate, 'Washington, D.C.

Ford Motor Co., 
Dearborn, Mich., January 23, 1969.

deSmems aTSSnioM^ ,e“e\rwlu^tlng information on steam vehicle

Sincerely,
 S. E. Knudsen, President.

Ford Motor Co.,
Mr. S. L. Sutcliffe, Dearborn, Mich., January 30,1969.

^ouns^ Committee on Commerce,
U.S. Senate, Washington, D C

..... ..at this time The TTFr vm, d t0 testlmony> is worth reporting to vou Motor Co. launchedTin April 19R7 ^ith th* pro^ram that Ford

™. HMTy Industries>
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The program is based on a systems approach concept for solving the common 
problem of emissions by these auto and petroleum companies . , nnd fuej

The systems approach involves the development of both hardware and luei 
modifications to meet emission objectives we
in my testimony. These, in brief, were levels of 65 parts per million 
0 3 mol percent carbon monoxide, and 175 parts per million oxides of n t g .

' At a meeting of the chief executive officers of the companies pa Jicipating; in t^e 
IIEC program (Ford Motor Co. is the project manager), held in Chicago on 
November 19, 1968. the following examples of equipment developed by the joint 
research group in the first 18 months of IIEC activity were exhibited.

DUAL CATALYST CONCEPT CAR

““VTprelu^ a modified fuel to minimize evapora-
tlon by.pass system whkh controls the flow of exhaust gases

3 A catalytic converter in a reducing atmosphere to minimize the oxides 
injects air Into the system before exhaust gases 

par
monoxide content of the exhaust. , of

This type of vehicle would require fuel modification including the absence of 
lead compounds.

IIEC TANGENTIAL THERMAL REACTOR

The IIEC-developed tangential thermal reactor was shown and represented a 
new design approach to the problem of injecting air into the vehicle s exhaust 
to promote more complete combustion of gases.

The reactor incorporates a cast iron outer housing and four separate; g: - 
temnerature alloy sheet metal inner chambers that generate a swirl effect au. ed 
by the tangential entrv of exhaust gases. This type of entry should allow for better 
mixing, prolong the time the exhaust-air mixture is ih the reactor, and result 
in significantly lower hydrocarbon and carbon monoxide emissions nrphpat

Secondary air will be circulated between the inner and outer shells to preheat 
the air before it is injected into the inner parts of the reactor.

MATH MODELING FOR CATALYST AND CONVERTER DEVELOPMENT

The objective of this project is to obtain engineering design data and construct 
a predictive mathematical model for optimizing the design of catalyst and con­
verter exhaust emission control systems.

It was reported that mathematical models of catalyst and converter . ystems, 
incorporating known data, are being developed to

1. Accelerate development of the best catalyst/converter/vehicle system.
2. Optimize data interchange between experimental and computer simu-

3. Identify the important engine, catalyst, and other vehicle/fuel variables. 
4. Examine such items as—

(a) 
(b) 
(c) 
(d)

Catalyst specific heat.
Catalyst chemical activity.
Catalyst density and size.
Converter flow pattern and size.
Urban driving flows and temperature patterns.

PROGRAMED BYPASS SYSTEM

This is the “logic system” that controls the use of the catalyst conxerter in the 
first IIEC concept car. The purpose is to prolong the life of the converter by 
protecting the catalysts from long-term exposure to high-temperature exhaust 
cases at turnpike speeds, when raw emissions are normally low.

Using sensors measuring catalyst temperature, engine water temperature, 
vehicle speed, and engine intake vacuum, the logic system is programed to switch 
vehicle exhaust flow around the converter during low-emission driving conditions.
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FAST WABMUP CATALYST CONVERTER

It was reported that a converter had been developed which would contain a 
high-activity, low-temperature catalyst. It is located near the engine and helps 
reduce exhaust emissions during the vehicle’s warmup period.

After warmup, the unit would be bypassed out of the exhaust system by a 
programed control, to protect the catalyst and restore a more acceptable vehicle 
exhaust back pressure.

NITROGEN OXIDE PULSE GENERATOR

A laboratory simulation was shown which produced oxides of nitrogen and 
carbon monoxide equivalent to that of an automobile engine. This is a necessary 
first step in the study af catalysts to break down these gases to oxygen and 
nitrogen.

The device employs an intermittent flashing flame, similar to the firing of 
pistons in an automobile engine.

Several of these units have been used to determine how various air-fuel 
mixtures, fuel additives, and combustion temperatures affect the formation of 
nitrogen oxides. Exhaust gases produced by a generator have also been used to 
survey several catalysts for their effectiveness in controlling oxides of nitrogen.

These were reported as illustrations of our systems approach. One of the 
reasons this approach is working is because of the talent pool that becomes 
available when we combine the expertise of two major industries. By combining 
the proven prowess of the oil industry in the fields of chemical, catalytic and 
steady state math model process control, with the engineering talent of the auto 
industry for designing hardware systems to work in a variety of climates and 
under transient operation, we feel we have greatly accelerated the progress and 
the definition of significant problems requiring further solution. In our opinion, 
neither group working in isolation of the other could have achieved results of 
comparable quality or quantity in so short a period of time.

On November 19, 1968 we stated, “We have not met all of our emission ob­
jectives as yet,” but that we were “quite gratified with the results achieved to 
date. The second vital phase of the engineering problem—proving the durability 
of these hardware systems— is also underway but the major effort in this area 
lies ahead.”

We also are continuing our own engineering and research work with alternate 
power sources, such as the gas turbine engine, in addition to concerted efforts 
to further reduce emissions from the internal combustion engines.

As a matter of fact, we announced on January 28, 1969, that Ford Motor Co.’s 
gas turbine activities are being expanded significantly this year, including a 20- 
percent increase in engineering and technical personnel, accelerated testing 
programs, process development, and manufacturing planning.

You perhaps have learned that since last summer, we have been running gas 
turbine powered trucks in our company fleet, hauling parts from Michigan to our 
plants in Ohio. Performance results, including very low emissions, have been 
most encouraging and we are pursuing this program aggressively. As I stated 
in part in my testimony before your committee on May 27, 1968: “♦ * * Ford 
Motor Co. is aggressively pursuing all avenues leading to the ultimate goal of 
clean air.”

This letter is another indication of the validity of that assurance. If you wish 
further information, please feel free to call upon me.

H. L. Misch,
Vice President, Engineering.
General Motors Corp.,

Detroit, January 31,1969. 
Mr. S. L. Sutcliffe, 
Staff Counsel,
Committee on Commerce,
U.S. Senate, W ashington, D.C.

Dear Mr. Sutcliffe : This is in reply to your letter of January 16 relative to 
the report on the low-emission powerplant hearings of last May. As we indicated 
at that time, our work in this area is continuing and we are pieased to report to 
you on the progress that has been made.

On the steam engine approach we have stepped up our efforts to give this a 
thorough evaluation. As was reported last May, we hoped that by helping the
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California Highway Patrol to acquire steamcars to test we would by this time 
have some operating experience regarding the various versions which were pre­
sumably ready for installation. We were disappointed to learn that none of the 
potential vendors were able to meet the initial performance requirements set 
by the highway patrol.

The vendors were then invited to make proposals to the highway patrol of 
performance standards which they, themselves, felt that they might be able to 
attain. According to our information six potential vendors responded, but of 
these only two really seemed to qualify for even these reduced performance stand­
ards. We assume negotiations between the highway patrol and these two potential 
vendors are still continuing. Since to permit complete objectivity General Motors 
has deliberately disassociated itself from any technical interaction in connection 
with this demonstration project, any more detailed information will have to 
be obtained directly from the California authorities.

As we also reported last May, to insure that there would be at least one 
recently developed operating steamcar available to us for testing, we contracted 
with Besler Developments, Inc., of Oakland, Calif., to build one of their modern­
ized Doble units for installation in a Chevrolet Chevelle. This project is on 
schedule and delivery is expected in April or May.

When the delays in the California highway project began to be apparent, and 
it appeared that there might be no steamplant of truly modern design available 
in the immediate future, a new project toward this end was initiated in the GM 
research laboratories. This is a major project involving an upgrading and 
modernization of each of the many engine components involved. Completion of 
testing of our GM engine is probably a year or more away. In particular because 
of the Ayres testimony last May, the possible use of working fluids other than 
water was carefully considered. Further to eliminate any undue local bias, a 
parallel-design study was contracted for from the very competent and experienced 
British firm of Ricardo & Co. Their conclusions agreed closely with our own, and 
work is now underway on the design and fabrication of parts. It is interesting 
and significant that, according to oral reports at the January SAE meeting in 
Detroit regarding the Lear approach, the three groups making the most serious 
investigations of vapor-cycle powerplants—namely, Lear, Ricardo, and GM—have 
all returned to the use of water as the working fluid. This supports the testimony 
given by GM a year ago.

On another matter which led to considerable interest and discussion following 
the hearings last May, considerably more detailed information has become avail­
able. This is in connection with the matter of licensing and inspection. You will 
recall that GM testimony called attention to the fact that there has long been in 
existence the A SME (American Society of Mechanical Engineers) boiler code 
covering the use of pressure vessels of all kinds. We have now had time to explore 
to some extent the degree to which this code, and regulations based on it, would 
apply to steam boilers in automobiles. Examples of exchange of correspondence 
between our Mr. Underwood and authorities in Michigan, and our Dr. Hafstad 
and the authorities in Washington, D.C., are representative and are attached for 
your information.

With regard to work on other continuous combustion heat engines, our 
projects on both turbines and Stirling engines are continuing. As has been 
reported, the problems here are principally in getting reduced cost. While steady 
progress is being made we can report nothing to change the relative cost esti­
mates we made a year ago.

Our work is also continuing in the effort to reduce the emissions from the 
conventional internal combustion engine. Here good progress is being made as 
indicated by the charts attached. These charts illustrate the control of the three 
principal automotive emissions on a cost-benefit basis. Controls already on our 
vehicles are shown, as well as projections based upon our research work to 
establish the technical feasibility of still more effective controls.

From these charts it is seen that hydrocarbon and carbon monoxide emissions 
have been already reduced by about two-thirds, and modified systems on 1970 
cars will reduce these emissions even more. These gains have been made at 
low expense to the consumer.

It is apparent that it is technically feasible to achieve very low pollution levels 
with internal combustion engines—levels at least as low as known ambient air 
quality needs. More importantly, of the various approaches to controlling 
vehicular pollution, the gasoline engine seems to offer a better cost-benefit rela­
tionship than the unconventional powerplants in the lower right-hand corner of 
these charts.
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To summarize, we are actively investigating a number of energy conversion 
methods, including steam engines, which offer potential for satisfying automotive 
power requirements. However, present technology indicates that the gasoline 
engine still offers the best compromise as to cost, durability, reliability, economy 
performance, efficiency, and the control of pollutants.

Sincerely,
E. N. Cole.

HYDROCARBON REDUCTION ECONOMICS
California Vehicles
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CARBON MONOXIDE REDUCTION ECONOMICS 
California Vehicles
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nitrogen oxides reduction economics
California Vehicles
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Mr. S. L. Sutcliffe,
Senate!' on Commerce,

Washington, D,C.

Gibbs-Hosick Trust, 
January 18,1969.

np-toXte^nfoJS^ ? y°U-r letter of January 15 requesting
a “smogIess” ^^ive

which will produce a horsepowerJou???^ UPi? “ devel°Pment of an engine
was possible with earlier automnti™ t f k On less P°unds of steam than 
This economy of steam ui will Jo a Inn? Which were in production*^ 
of steam generator and condenser sizo w n toward solving any problems 
adequate steam generators for nnZZ’ have preferred to believe that 
available from other sources Suc^ elliptocline engines would be
California tests of the Smith It a$ Richard Smith in Midwav Citv Pout Of the welhknowu ^owed results ^ hue with “se
emissions much more favoSbJ^ In regard to levels of pollutant 
engine made far into the (nw» > rejections for cleaning up the gasoline generator component of the altXttXoX? can h“a now. The steam 
only source of possible pollutant pmic • ampower system, incidentally is the 
ponent of the system emi^ steam engine con"
into steam generator development kind‘ Therefore, only if we get
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Since the Senate joint hearings, we have emphasized studies concerning modi­
fication of the elliptocline engine for operation on heavy organic vapors, 
such as one of the fluorocarbons, in place of steam. The advantages of fluoro­
carbons as a working medium are (1) winter freezeup problem eliminated, (2) 
superior thermodynamic properties for higher thermal efficiencies within given 
temperature limits within the system, (3) self-lubricating properties, especially 
in specially formulated mixtures, and (4) they are odorless, tasteless, nontoxic, 
and nonflammable. The elliptocline modifications consist mainly of minor valving 
and porting alterations. Actually, the lubrication system for the engine will be 
made simpler by use of self-lubricating fluorocarbons. In addition, when fluoro­
carbons are substituted for water in a vapor power system, other modifications 
of the system must be made, mainly alterations of heat exchanger design. So 
far our alternate fluid studies have been mainly on paper, although we are 
modifying an older type steam engine for preliminary tests. Our progress in 
recent months has been delayed due to the decreased funding available.

We would like to emphasize that our elliptocline steam engine design demon­
strates a number of advantages over the more conventional steam engine con­
figurations. Since all reciprocating components of its motion are balanced b\ 
similar opposed motions, the engine is inherently balanced, giving a very smooth 
and quiet operation. Only one engine valve is required to time steam admission 
and auxiliary exhaust events, both in the “forward ’ and reierse modes of 
operation, and this valve can handle any number of cylinders one wishes to 
design into the machine. Basic simplicity of even a multicylinder engine leads 
to economy of manufacture. Ability to function at very high ratios of steam 
expansion permits the engine to be very economical of steam usage, and the 
multiplicity of cylinders permits the engine to have good starting ability at all 
power-shaft angles for economical operation at greatly varying torque outputs. 
In comparison to the gasoline engine, the elliptocline shares with all other auto­
motive steam engines the large number of characteristics that make it vastly 
superior for powering automobiles. We need to find a way to expedite the devel­
opment of an elliptoeline-powered automotive steam or vapor system for the 
elimination of smog, coupled with a vast improvement of the nature of an auto­
motive powerplant. One does not have to suffer performance deterioration to 
eliminate the automotive smog problem.

We hope the newly elected group in Washington will be strongly cognizant of 
the fact that the automotive smog problem can be virtually eliminated by a 
program that will start giving immediate results, if sufficient encouragement is 
given.

Sincerely yours, Thomas A. Hosick.
R. A. Gibbs.

[From Product Engineering, Nov. 4,1968]

Engine Using Freon “Steam” Enters the Auto Power Race

By the end of this month, a car powered by Freon—a fluid normally used as 
a refrigerant—may be undergoing public tests on Florida roads. The car, an inven­
tion of Wallace L. Minto, of Sarasota, is far from production or even prototype 
form. But it represents one more effort to find a pollution-free substitute for 
internal combustion.

Minto is president of Sarasota Research & Development Corp., parent company 
of Kinetics Corp., which holds the patents on the Freon-powered car. His car 
works on essentially the same principle as the old Stanley Steamer, yet the tw*o 
can hardly be compared.

FAST START

The steam engine was a relatively slow starter, besides wasting a good deal of 
energy. It also had winter freezing problems. The so-called Sarasota engine uses 
a refrigerant fluid that freezes at —168° F. Minto claims the flash burner in his 
car can generate enough power in 3 seconds to move it from a driveway or parking 
spot. And, he says, full power is generated 6 seconds from the time the ignition 
key is turned.

According to the inventor, the rear-mounted engine is almost soundless. And the 
propane used to heat the liquid burns in an open, high-oxygen flame, so it causes 
little or no air contamination.
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COMPUTER-CON TROLLED

go. There is no sound 7 16 ashing of a green hSht that the car is ready to

climbing a steep hill and a rod “IchA* i.-o-k/- neeYeY’ a.s for freeway passing or 
and warns the driver'of an undesirable rondltioTlTt^ St°PS the Car£Z=SzE£

PERFORMANCE

a,t0P ot 120 ”ll“ ner 
tained at 750 rpminiirmf JL '• Y se sPee(t of <0 miles per hour would be main- With abOUt 3 000 —tat‘on“per

a
pnund?ThOe£ af°1r<Ilng t0 Minto, will be 150
will weigh 250 pounds. ’ systems including 100 pounds of Freon—

SAFETY FEATURES

ne ?a,t ^at is speed. or set with a key to limit maximum

'» -I* without
computer senses the speed of the vehicle Py^f^8 hard on the brakes, the
speed, it automatic ™ the Zr wb'Z “Ihigh
that doesn’t cause the vehicle to S + ar wheels at the maximum rate 
rasisnssB ■&•££«■«

COMMERCIAL PROSPECTS

taS^a^^ aa^ * Minto ob-

Lear Motors Corp., 
Mr. S. L. Sutcliffe, R^o, Nev., February 19,1969.
Staff Counsel. U.S. Senate,
Committee on Commerce, Washington, D.C.
Fe^a^l a^h^e^ 1° reply in detail to your letter of
report for release?Fwin d?mv tTao^ °ff the shelf” Progr^
tions in the area of steam power Q 4 y°U °f °Ur progress and expecta-
oftt^encL^ information in the form
report. auacnment, and trust it will meet the requirements for your
Se?aTrs%^ dUlloZeStoTte0 “V1 7°Ur Staff or
combustion efficiency, and Icomn^ achieved lOOpercent
the near future we will ho ohiJ\n P • will be operational shortly. In
operating street vehicle. ” I’lnI>Mat “ date for yon t0 *«>“■■« a fully
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Thank you for your consideration and action in the field of steam power. I look 
forward to talking to you soon about your visit.

Very truly yours, Ken Wallis, General Manager.

Lear Motors Corp. Vapor Cycle Powerplant Development

GENERAL DESCRIPTION

acceptance and use of the IC engine says much for the half century or ae'eioi 
ment and ingenuity largely by the transmission industry. } and of
eouri i“ nt^ Our contribution has been largely in the application or 
modern aerospace technology to the old science of steam engineering. This con- 
tribution is apparent in many areas, principally :

1. Vapor generator,
2. Condenser,
3. Control System,

OurOapor^nerator, for example, utilizes relatively high pressure and high 
tpmnerature to reduce size and to improve efficiency over early steam machines. 
Yet all parts of the powerplant are cool enough to be comfortable to the human 
touch Concerning the high pressure, there is no such possibility as a toiler 
exnlosion ” Total latent energy at maximum capacity in the vapor generator o our CaSornla Hlgh w PatrS unit is the equivalent of a tew ounces of gasoline. 
When it is understood that this cumulative energy is contained in a monotube 
construction generator, possibility of a so-called “explosion” is nonexistent. Lnde 
extensive burst testing in our laboratory we have established tube failure to occur 
at about 400 percent of full operating pressure.

Similar significant advances relate to other parts of the total syster i.
T In vp enclosed for vour interest a diagrammatic representation of our ba.ic 

power^systemi Youwill see that an auxiliary package is in operation whenever 
the system is used. This auxiliary unit provides support for the system ProPf 
and in addition, powers the various services required by the vehicle, such a. the 

conditioner power steering pump, alternator, etc. Inder this arrangement, 
even though the vehicle were parked with the motor not running, full accessory 
usage is guaranteed. This has direct application to our Highway Patrol vehicle 
whfre there is a heavy demand for auxiliary power (rotating lights, power 
supplies, transceivers, etc.) under static conditions. In a passenger automobile, 
the car could be heated or cooled under “parked’ conditions.

THERMAL EFFICIENCY

Because of the operating mode of the system and the wide variation in duty 
cvcle it is difficult to quote a general thermal efficiency for our system. Howe'er, 
our studies and tests indicate that for all forms of operating we can ^P^ 
improved fuel economy over the present gasoline powered vehicles. This by our 
early units with obvious development potential.

SHAFT HORSEPOWER

Tower available from our system in vehicular applications ^n ^e from 200 
to 700 horsepower. To satisfy the performance requirements of the California 
Highway Patrol we are required to install approximately 300 horsepower> in the 
natrol car This power package can readily be accommodated under the ho d. Considering the nwde engine and transmission, the steam power system is 
obviously less complex. There is no requirement for carburetor pollution control 
equipment, afterburners, clutch-torque converter, or shifting transmis. ion.
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COST 

fa“S natUraIly in‘° tw» «« «£

= s
SIZE

s~»«was&wadvantage. P geneiator somewhat compensates for this obvious
At the present state of the art, we are bnilHincr uhaif 4^” fttoday’s motor vehicles Were a vehicle tn ha h * wlt-m items compatible with 

it could Utilize space much more ar°Und a Vapor Powerplant,nifleant decreases T^tl^^ and there would be si^
advantages inherent in this are obviousd th and drive train. The

COMPLEXITY

re^rdlass »£ invalidIs the valve for controlling steam adXsfon te ?£“” <iompon“t “ our system 
development program Is presentlv being conduete^Th81116’ and a aoPiuatmated 
system is comparable in complexity with tho^ronvi . v*P°r generator control 
on some gasoline-powered vehicles JS now te/n ■°nZe<i ‘snItlon system used 
atonic package Lid high “rol’a<i

LUBRICATION SYSTEM

tho'i^we to^m^yS lubrication program, and al-
some little time

STABTUP TIME

Startup time, cold from 0° F„ is of the order of 20 seconds.

Hon. Wabben J. Magnuson 
Committee on Commerce, 
U.S. Senate, Washington, D.C.

nr „ Paxve, Inc.,A ewport Beach, Calif., January 11,1969.

Paxton vapor engine we 
in March 1969. P ™ h e manufactunng prototype No. 1 operating
too costly foTan economy ca^’we intend^SS^^f ^1° t0° powerfu1’ and
motorcar, in a bus, highway tr^and a tractor “Strate lts aaceUence in a large 
pleasldTae: eSVc^y^^^ ‘a*rest and we are very

Yours very truly, "vuvny.
Joseph M. Haughey, President. 

November 26,1968.
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Introduction

The Paxton vapor engine is based on the Paxton heat engine thermal cycle, as 
conceived by Mr. Douglas Paxton after several years of research, seeking a prac­
tical means to develop an engine capable of very high torque output. During this 
period of initial research and development, three engines were constructed by 
Mr. Paxton. Two were “breadboards”—built only to test theory. The third, using 
components of the other two, was a prototype of an engine designed for racing, 
which combined extremely high torque with very low weight. Although not de­
signed to operate continuously under maximum output, this engine (after 1 
months testing in a truck) was field tested under full load for 3 weeks of continu­
ous operation until it was destroyed, as a result of bearing failure.

Early in 1968 Paxve, Inc., was formed and incorporated m the State ot Cali­
fornia, to continue the development of the Paxve engine and to construct another 
prototype to demonstrate its capabilities. Both of these objectives are being met 
and, since the demonstration model is designed and packaged as a complete Pp^r 
unit, it is anticipated that it will be the production prototype of a marketable 
^A number of patents are pending. Applications for others are in process. Among 
those pending are some which have wide application in other types of engines 
and for other types of technical usage. Of major importance in this category 
and discussed below—are those for the thermochemical heat generation process 
and for the Torqane, one of the two working media in the thermal cycle.

General Description of the Paxve Engine

The Paxve engine is an externally heated, closed cycle, chemical vapor engine 
that utilizes both liquid and gaseous compression in its thermal cycle. Two work­
ing media of different densities are used. The first is hydroxylated fuel: the second 
a dense, organic fluid (Torqane), which has as one of its many desirable prop­
erties. the ability to absorb and store large amounts of heat energy. Inasmuch as 
the thermal cycle of the engine is both regenerative and recuperative, heat is not 
dissipated from the system during liquid compression of the Torqane.

The engine is physically composed of four functional sections: (a) The heat 
generation and storage section; (b) the reciprocating drive section; (c) the 
turbine drive and auxiliary power section; and (d) the heat recovery section. The 
function of each is described below :
(«) Heat generation and storage section

In this section, the chemical energy of the fuel is converted into heat energy 
and transferred to the Torqane, where it is stored until released to perform 
work. A unique feature of the heat generation section is that the energy conver­
sion takes place through a thermochemical reaction process, rather than combus­
tion. By so doing, all the available fuel energy is converted, thus increasing the 
thermal efficiency of the engine and significantly reducing any residual pollutants. 
This permits the selection of fuels based on energy content or other criteria with­
out the constraints imposed by smog control.
(&) Reciprocating drive section

The reciprocating drive section consists of two cylinders, each containing a 
single double-acting piston actuating the driveshaft through a scotch-yoke type 
linkage Both ends of each cylinder contain inlet and exhaust valves which are 
operated mechanically, and programed functionally, by driveshaft rotation. The 
engine speed and direction of rotation are controlled by altering the programing 
of these valves. As no throttle valve is required, throttling losses are avoided.
(c) Turbine drive and auxiliary section

A drive turbine is directly coupled to the driveshaft adjacent to each cylinder 
and a free turbine is mounted concentrically with one of the drive turbines. Since 
it is not possible to convert all of the available heat energy to mechanical energy 
in one expansion through the reciprocating drive section, these turbines make use 
of the heat energy exhausting from that section; the fixed turbines giving addi­
tional torque to the driveshaft, and the free turbine driving the pumps and other 
auxiliary equipments.
(d) Heat recovery section

In this section, any heat not converted into mechanical energy in the two power 
stages described above is recovered and returned to the heat generation and 
storage section for recycling.

26-248—69------ 5



60

Operational CharacteristicssSSSFi—itS as in thP ™ J Changes may result from variations in the load
tad. „ th case °f an electric generator where the load varies with electrical 
mustheeo^u^^

tlle category of an external combustion engine, the Paxve pn<nnn u 
t limited to the type of fuel used, but will operate on anv hitrh Rt n fluid « gaseous fuel. Further, It consumes this fuel ou^hon a l“d Is Mohed There ?s 

SSHfXTermuW T*,18 Becau^ 
Fr^^S

the b" ™ •" - S

Paxve Model 4100
“a" construct">n 18 «<». designed to meet the

Dimensions: 34x35x20 inches.
Displacement: 100 cubic inches.
Weight: 725 pounds.
Fuel: No. 2 grade fuel oil (most efficiency).

PERFORMANCE

Torque Horsepower

Revolutions per minute: 
0
500_____ .
1,000______ _
2,000______
3,000_____ _

5,600 
3,000 
1,920 
1,150

750

0
250
370
450
440

nnTiV prototyPe (No. 3) emitted 2.5 Ibs./sec. of exhaust when
operating at maximum load. The following ratio of gases were contained therein 
innL 2.1 percent; N2, 73.9 percent; H2O, 10 percent- plus mXS-
laneous gases entering with air. ’ p us miscel

W. P. Nichols, 
Executive Vice President.

is hereby given that Paxve, Inc. of Newport Beach, Calif owns valu able proprietary rights to this data. ’ owns vaiu

Pritchard Steam Power PTY., LTD., 
Caulfield, Victoria, Australia, January 2,1969.

Mr. S. L. Sutcliffe, 
Staff Counsel, Committee on Commerce 
U.S. Senate, Washington, D.C.
na2aAR : Thank you for y°ur letter of January 15 in which you ask for 
enZe Pr°gre8S We are mak‘“s with our low emissl«a automotive steam
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Since I reported to the U.S. Senate steam vehicle hearings held last May, 1968, 
my company has proceeded with the development and testing of our compact 
steampower unit. The rate of progress is somewhat limited, owing to the small 
size of our company.

However, I am pleased to be able to report that the first main road tests of our 
prototype car power unit were carried out during November and December, 1968. 
A series of eight short road tests were made. Reults are encouraging.

Although our new (car) unit features a number of improvements over our 
earlier (truck) prototype, some faults in the new design have been shown up 
by the above tests. Work is being done now to eliminate these faults before the 
next series of road tests is carried out.

The Australian Senate Select Committee on Air Pollution held hearings on air 
pollution during December 1968. In Melbourne, witnesses invited to attend in­
cluded representatives from the Chamber of Manufacturers, the State Electricity 
Authority, Australian Carbon Black Pty Ytd., myself, Clean Air Council of 
Victoria, the Ford Motor Co., and some others.

Some interest has been shown in our project by a large U.S.A, car company. 
Recently some Australian companies have shown good interest. We hope this 
will lead to an accelerated rate of progress with the development of a practical 
low emission steam automotive power unit.

Yours faithfully, E. Pritchard.

San Diego Gas & Electric Co.,
San Diego, Calif., January 31,1969.

Mr. S. L. Sutcliffe,
Staff Counsel, Committee on Commerce,
U.S. Senate, Washington, D.C.

Dear Sir ; Naturally, we are pleased that the work of San Diego Gas & Electric 
Co. in the field of vehicular air pollution has come to your attention.

However, we have no experience with the steam engines proposed for use in 
automobiles. Our efforts have been directed toward reduction of exhaust emis­
sions from the internal combustion engines now used by conventional passenger 
vehicles and trucks.

Tests over the last 3 years have demonstrated that excellent results can be 
attained when liquid natural gas is used as the fuel for these vehicles.

Should you decide to study a more immediate approach to the solution of the 
air pollution problem, the enclosed press releases should interest you.

We regret that we have nothing to contribute to your present investigation. 
Sincerely, Martin R. Engler, Jr.

[From the News Bureau]

Liquefied natural gas (LNG), a supercold, high-energy fuel, is a hot performer 
in the fight against automotive smog. This has been clearly demonstrated in 2 
years of LNG testing by the San Diego Gas & Electric Co.

Joseph F. Sinnott, company president, reports that latest test results confirm 
that LNG vehicles emit less than half as much smog-producing pollutants as 
the average for gasoline-fueled cars equipped with smog control devices.

The LNG cars were equipped with smog control devices too, but other tests 
with the device disconnected showed the same low percentage of smog-producing 
emissions.

While contributing significantly to smog control, the LNG vehicles give power 
performance comparable with that of gasoline-fueled vehicles and can be 
operated at a comparable cost, Sinnott said.

One of four “Smog Cutter” fleet vehicles used by the San Diego Gas & Electric 
Co. in the test program is on a 21-city, cross-country tour to demonstrate the- 
operational characteristics of LNG to oflicials of natural gas companies, automo­
bile manufacturing companies, air pollution control agencies and other Govern­
ment agencies.

The LNG demonstration car is a slightly modified 1968-model Ford sedan. 
It recently completed 42,000 miles of a 50,000-mile road test that began last June.

Exhaust emission tests conducted on the car by the California Air Resources 
Board before the start of the 50,000 miles showed that hydrocarbon emissions 
amounted to 118 parts per million, compared with an average of 225 parts per
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Su'S dXT automoMte “bating on gasoline and equipped with smog

£ P^enTat^^
was i.o percent at the start and 1 2 ™rcent XrTwmilT® C°ntroI deviMS 

xx£SF - - p-

is a clear, odorless and clean-burning M b hng hot by comparison. LNG 
rueiXTto m°a installation of an insulated
liquid, a coil of copper tubing that act^ ^Pera^ure re<iuired to keep the gas 
■“vSa tha
LNG hcompression ratio. Because 
keeps the exhaust valve closed lomrfr •» camshaft was installed. It
Ignition timing also was altered slightly Permits more complete combustion. 
coZ'^S^ taak
into a gas. wunaing the coil adds heat to the LNG, turning it back
mixed wfthUTpTope?proporS of ak^mfk8 thR carburetor wbere it is 
then fed into the engine ‘ to make it combustible. This mixture is
vehSe“TlsapartSrtyC tha‘“c USC bt LNG aa « ™*<*
constant use and where there is'a centralUaTon are ln

[From the News Bureau]
Liquefied Natural Gas Test Vehicle Fact Sheet

A1?68 model ^-cylinder Ford passenger car Modifications: Vehicle is fitted with o 01 ^owugerur.
of copper tubing that acts as a vaporizer torching™ tank’ & COil
regulator, and a natural gas carburetor g the LNG back to a gas, a gas
useTfVr eoX^ of natural gas such as is

a different product with different characteristics? confused Wltb LPG, which is 
emissbms froi? motor PvS ^^s^ri^red  ̂ exhaust
natural gas as a fuel instead of casolino Ailnred?ced by using liquefied 
formance of LNG-fueled vehicles g A1 f determine the operational per- 
^XttVde^oK^t^^ W Oo' bas b“" OP”' 
1968, two 1968-model passenge/cafs h™ £ yea^s‘ Since June 6
mine what changes occur in exhaust emissions 10 atest to deter- 
hicles have completed 42 000 miles S a resuib engine wear. The ve-

are conducted by
California. n accordance with procedures set by

Performance of test vehicle:
Fuel operating on gasoline.
hour. V y h *ourteen miles per gallon at 40 miles per
change of ^iL8 Llbor^^^ 42,000 miles without a
continued use. nnrmed that the oil was good for

ExtartS?” •9omparabIe to ®as»Une-fueled vehicle,.



63

HYDROCARBONS

[In parts per million)

COMPARISON WITH AVERAGE FOR 1968 MODEL GASOLINE-POWERED AUTOMOBILES EQUIPPED WITH SMOG 

CONTROL DEVICES

-------------------------------- ------------------- -—- -----------------------------------
Start of 50,000- 

mile test
After 42,000 

miles

Awnrona fnr 1QAQ nacnlino aiitnmnhilp*? 225 240
93Average ior iuoo gdbuime auiuiiiuunco----- 

1 NR antnmnhilp _______ 118
LHU dllLUIIIUUIIC--------------

_ _________

Note: Maximum allowable under present California exhaust standards, 275 parts per million.

CARBON MONOXIDE

[In percent]

Start of 50,000- 
mile test

After 42,000 
miles

1.0 1.2
Average ror iyoo gasoline duiumuunco------ 
1 NR antnmnhilp _____ .17 • 21
LINO dlllUlllUUIIU---------------- — ------------------------------------

----------------------------------- -
Note: Maximum allowable under present California exhaust standards: 1.5 percent

Suitability of LNG for motor vehicle use:
Tests show that LNG is well-suited to vehicular use. It is clean-burning. 

It emits few smog-producing contaminants. It is portable It is safe.
The most practical application appears to be for vehicles m fleet operatio s.

[From the News Bureau]

Liquefied Natural Gas Fact Sheet

WHAT IS LNG?

It is a liquid form of regular natural gas like that which is used for cooking 
and heating. The gas is changed to a liquid by reducing itsJemperatures to a 
minus 258 degrees Fahrenheit. The liquid is clear, clean, and odorless. It weighs 
29.3 pounds per cubic foot or less than half as much as water.

WHY LIQUEFY NATURAL GAS?

By liquefaction, natural gas is reduced in volume by a ratio of 600 to 1. This 
permits the storage of large quantities of gas in a compact space. LNG also is 
portable, which makes this high-energy fuel available for a variety ot new 
applications.

is IT SAFE?

Yes It is nontoxic. It is safe both to store and to handle. It is stored at near 
atmospheric pressure. When exposed to the atmosphere, it absorbs heat, and as 
the liquid becomes warmer, it changes back into a lighter-than-air gas and dis­
sipates quickly. When released to the atmosphere, the presence of the LNG is 
readily identified by a cold vapor cloud created by the cold gas coming in contact 
with moisture in the air.

HOW IS LNG STORED?

It is stored in specially constructed, double-walled metal tanks that maintain 
the minus 258 degrees Fahrenheit temperature required to keep the product 
liquid Like Thermos bottles, some of these tanks have a vacuum between the 
inner and outer walls. This insulates the inner vessel to minimize the flow of 
heat from the outside. Other tanks have insulating material between the walls 
to arrest the heat flow.

HOW IS IT TRANSPORTED?

The San Diego Gas & Electric Co., uses an insulated highway tanker like 
those used to transport liquid oxygen, liquid nitrogen, or other cryogenic fluids.
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WHERE DOES THE SAN DIEGO GAS & ELECTRIC CO. GET ITS LNG?

Vi^^W^nK^,,re!' “ at ltS nat“ral s“3 P>a"‘ Chula

HOW IS LNG USED?

wilFo? asG\ls to provide regular natural gas service in remote areas 
h^e the cost of extending existing gas lines would be prohibitive INC is 

kind Of beyond-the-main service to Je 144-un ?o f S a^ “ Brreg° S™ 90 mifes ea
„ V, a. ana t0 a AbOO-man tent camp at the U S Marine fm-w's Oamn Pendleton. Similar service is expected to hearted* ina third area ,? tte^? 

+A^m^an Gas & E1ectric Co. also has used a small trailer-load of INC

sS “ —- - “t N-rCei • La‘’ 2,500 mdes away, for use in jet aircraft engine developmentLNG also is being used experimentally bv the San Diego Gas & FleetHe^°tor vehicle fu^ Results of Sv 2"years of festS 
XXSSat £rom a"‘omaWla ean be St^

The 
Gas & 
Diego.

San Diego Gas & Electric Co’s Liquefied Natural Gas Plant 

WHERE IS IT LOCATED?

Elertri^ci^o^ the ^t—i3 located adjacent to the San Diego
Electric Co s South Bay powerplant in Chula Vista, 8 miles south of San

WHAT IS THE FUNCTION OF THE PLANT?

™ ?°° barrels, the equivalent of 620 million cubic feet of gas When

HOW DOES THIS PLANT BENEFIT THE COMPANY?

g i?^ S ^t
Tins results in a substantial saving to the company and its customer* 

HOW IS NATURAL GAS LIQUEFIED?

flean”P’ $as stream splits. One portion, about 85 percent becomes 
‘ “ *a Action

P^M?^ cools S

refrigeration stream to about minus 175° Fahrenheit Thisj ctmom timn A 
pressed to”b<^t To’^nd*? "’™*artlon stream and «ft^ard if com’ 
^e^lanttXK  ̂ PreSSUre Sent to fhe S™,h Bar
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After being chilled in the heat exchanger, the liquefaction stream passes 
through an expansion valve which reduces its pressure from 300 to 70 pounds per 
square inch. This further cools the stream and liquefies a portion of it. The liquid 
goes to storage. The vapor goes into the refrigeration stream and eventually to 
the powerplant.

IS A SPECIAL TANK USED FOB STORAGE?

Yes. The storage tank is a double-walled cylindrical vessel with a flat bottom 
and a domed roof. The inner tank is made of tough, strong 9-percent nickel steel, 
which is suitable for storing liquids at temperatures down to —320° Fahren­
heit. The outer vessel is made of carbon steel. A 3-foot insulation space between 
the two tank walls is filled with expanded, fireproof Perlite. Nitrogen also is 
used within the insulating space to keep out moisture and maintain effective 
insulation.

The tank sits on top of a 20-inch-thick concrete cap that rests on 325 concrete 
piles driven to a depth of 40 feet. The pile cap is designed to provide uniform 
load distribution. An airspace of 18 inches between the surface of the ground 
and the bottom of the pile cap prevent cold migration, which might tend to cause 
frost heaving of the soil.

HOW IS THE LNG BEGASIFIED ?

When the LNG is needed to meet peakloads, it is pumped to 460 pounds per 
square inch pressure. It then flows to a gas-fired hot water vaporizer. There it 
passes through a bundle of tubes submerged in the hot water. The heat from the 
water raises the temperature of the LNG sufficiently to change it back into a 
gas. This gas flows through an odorizer and into the pipeline for use.

[From the News Bureau]

A cool performer.—Simple modifications have converted the engine of this 
1968 model Ford passenger ear to operate on supercold liquefied natural gas 
(LNG). Added equipment includes a natural gas regulator (upper left), a copper 
coil vaporizer (installed in the drumlike air filter container), and a natural gas 
carburetor (located beneath the vaporizer). The San Diego Gas & Electric Co. 
has been testing LNG as a motor vehicle fuel for nearly 2 years. Results show it 
to be a high-performance, low-smog-producing fuel.
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[From the News Bureau]

In “e trmk »f “ 1968 passenger car 
a fuel so coldthat “’ueflea natura‘ «“s
Diego Gas & Electric Co for the nnJ comparison. Tests conducted by the San 
low producers of smog-forming contaminantsarS Sh°W th&t LNG’fueled cars are
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[From the News Bureau]

LNG Modifications

©TANK
® VAPORIZER-CARBURETOR
@ INCREASE COMPRESSION RATIO
@ NEW CAM SHAFT
® TIMING, IGNITION
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Exhaust Emission Test Unburned Hydrocarbons

300

Start of 50,000 mile test After 42,000 miles
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Exhaust Emission Test Carbon Monoxide

Biff car comfort with fresh air fuel.—This 1968 model Ford passenger car 
operates on super-cold liquefied natural gas (LNG). The San Diego Gas & 
Electric Co. has been testing LNG as a motor vehicle fuel for nearly 2 years. 
Results show conclusively that automobiles using this high energy fuel emit a 
substantially smaller amount of smog-producing exhaust contaminants than do 
gasoline fueled automobiles equipped with smog control devices.

Semple Engine Co., Inc.,
St. Louis, Mo., January 21, 1969,

Mr. S. L. Sutcliffe,
U.S. Senate,
Washington, D.C.

Dear Mr. Sutcliffe: Thank you for your letter of January 15 regarding the 
steampower equipment we manufacture.

We have been building this machinery for the past 13 years; r-'^earch began 
10 years before. These units are adapted chiefly for marine service, mostly in 
pleasure boats. Some are used in areas restricting internal combustion engines; 
others in remote places where liquid fuels are hard to get.

The enclosed pretty much describes our small engines and boilers. We are, at 
present, building very much larger machinery to be used on a 100-foot (200-ton) 
excursion boat on Lake George. This will be launched in the spring.

We have no tests on pollution gases emitted from our boilers. Many fuels have 
been employed with varying conditions in firing. There are thousands of small 
boilers of our type in stationary service. I am sure combustion tests would be 
available.

I might add that we completely eliminate the water pollution such as the 
underwater discharge of outboard motors.

Yours very truly,
Frederick H. Semple.
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Semple steampower
(Complete price list, effective June 1,1968)

SemPle steam engine kits :
5 horsepower (single) :

^casttogiTi^ included-10 iron
Ings, 2 lubricators- total TnQminilm castings, 5 ball bear- 2 parts drawings pa^ ta-SSembly drawing,
instructions __ ’ P t 1 f th machinmg and assembly 

castings, l^t^l casrin^% ^in61 i reVerSe' ,included—9 ir<>n 
ings, 2 lubricators tofal io!ynUnYm castings, 5 ball bear- 
3 parts drawings pai^ 1 a?sembly drawing,
instructions ’ P St machmmg and assembly

$154. 00

187.00

352.00

572. 00

QF\A TAT o i ~ cylnders):■ ?ron e^Un^l JtS reverse: ™'"ded-18

“Shining and PartS “St With

Semple marine power units :
5 horsepower standard : Included—34-DW engine kit PT-an ka-i 

complete, accessory group prints and boiler
5 Horspower special: Included—34-DL engine kitS~FTM0 "hoT" 11 °23’ °° 

complete, accessory group water immnand Li 1T-4° boiler 
and instructions— P P d heater group, prints

10 horsepower special: Included—354-DL ensrine Vit

Keel condenser (optional for 5-h.p. marine" u?its)~-----------------  
_ Bilge pump (steam jet with piping)

Prints and instructions (separately) •
5 U^T^ueH^^ 2 drawing, parts

5 S^tSi^^^

Semple boiler: FT-40-^1 print with parts list 
Manne instruction book: Installation, operation?

the * to™ O"1?- ™s gives yousave 60 percent. satistaction of building your own. Moreover, you
deS? In 3* S are thorough to the flnest
°UitnSina-rinEdeI>artnient 18 always at vour^erv’re d a problem arise, 
press’The7aTS^^^^ 12-inch iathe and driu

for an extra $21 and bore and maehmX^ ml“ an<3 b»re base
allowed^ °r ““"“aslons are

So^/gr:Mho^

1,106. 00

1, 464. 00
79. 00
41. 00

4. 40

5. 60

7. 20
1.50
2.00
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Shaw Machinery Co., 
Concord, Calif., January 25, 1969. 

Mr. S. L. Sutcliffe, 
Staff Counsel, Committee on Commerce, 
U.S. Senate, Washington, D.C.

Dear Mr. Sutcliffe: Thank you for your letter of January 15, 1969, regarding 
progress we have made in eliminating vehicular pollution.

As ours is the one and only steam engine under U.S. Patent No. 718,722, we 
also use a totally efficient U.S. patent liquid petroleum gas burner which 
achieves complete combustion and thereby eliminates the above-stated problem 
entirely.

Sincerely,
Richard F. Schultz.

Midway City, Calif., January 28, 1969. 
Mr. S. L. Sutcliffe,
Staff Counsel, Committee on Commerce,
U.S. Senate, Washington, D.C.

Dear Mr. Sutcliffe : Mr. Richard J. Smith and myself, Karl A. Petersen, are 
individuals working in steampower consulting and no longer use the trade style, 
“Empirical Engineering,” as you address us.

As you know, we have achieved an unprecedented low level of exhaust emis­
sion pollutants in ouf steampower systems for automotive use. I list the 1970 
and 1972 California standards, their “low-emission vehicle” levels—considered 
“smog free,” and our California Vehicle Pollution Laboratory test of October 
1967 with our present capability.

[In grams per mile]

Item

Required levels in

1970

California

1972

California 
low-emission 

vehicle
Our 1967 

tests
Our present 

capability

HC.. ........... ........... 2.2 1.6 0.5 0.7 0.4
CU.. .............   23.0 23.0 11.0 3.7 2.0
NUX. ....................... 2.0 1.3 .75 .4 .3

Total...................... ........................ 27.2 25.9 12.25 4.8 2.8

The systems we have developed have been licensed to two concerns, here and 
abroad, for manufacture. Compared to present internal combustion systems, 
these cost, on the outside, less to build for equal performance and life in equal 
quantities.

Internal combustion oriented engineers continue to doubt this. As author 
John Phillifent put it, “They are quite right in this belief * * * it can’t be 
done, by them. But it can be done, per se. What is lacking is the approach. 
What is needed is the combined knowledge, skill, understanding, and application 
of logic.”

Recently the automotive industry has begun to realize that these low-emission 
systems are useful in some ways. The electric car concepts have been used to 
obtain publicity showing that the industry is supposedly trying to make low- 
pollutant cars, while the industry’s executives admit that they “have no hope for 
the electric car’s success within my lifetime.”—Henry Ford II.

With today’s electric power being largely generated by fossil-fueled power 
stations, even if the electric plants burn their fuel as cleanly as we can in a 
steamcar, the pollutants evolved from making enough electricity to drive an 
electric car on batteries is five times that of the steamcar in equal service. This is 
due to the electric’s maximum of 4 percent fuel-to-wheels efficiency compared to 
about 20 percent in the steamcar.

Our recent developments in other heat engines may bypass the need for a vapor 
cycle system altogether while still using low-emission combustion of fossil fuels. 
Naturally if a superior heat source is available which may produce no exhaust 
emissions, that would be most readily adaptable to a heat engine of the types we 
have developed.

As ever, we offer these systems to any industrial concern who may wish to 
manufacture them, and we hope that manufacturers will have the foresight to 
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produce these low-emission vehicles on their own before they are forced to do 
so for their own future health and that of their neighbors.

If we can be of any further service to you or the Senate Commerce Committee, 
please inform us. Our telephone number is area code (714) 892-5639. Please 
phone after 1 p.m., your time, to be sure we are in.

We would appreciate receiving a copy of your report and hope it includes 
some information on our developments. I enclose some information.

You may be interested to note that we are the only ones in the country who 
have been delivering and are now delivering steam automotive systems and com­
ponents to our clients. Others may suggest that they are developing systems, or 
may put development capital into projects, but our systems function as we specify 
or better, and are most certainly available.

Yours,
Karl A. Petersen.

[Reprinted from Los Angeles Times, Oct. 13, 1968J

Steamcar Interest Coming to a Boil

(By Bob Thomas)
The bumper sticker on a Volkswagen bus parked in the driveway was the 

tipoff: “Steamcars Are Smogless.”
It had been a difficult address to find * * * hidden away in an Orange County 

community I had never heard of, Midway City. But the steamcar business has 
been somewhat out of sight and mostly out of mind for four decades.

However, it isn’t dead.
And the more our atmosphere becomes strewn with garbage, the more intense 

are proposals that the steam-powered automobile be revived.
There are those, in fact, who are stoutly confident that a steamcar has a definite 

and prominent place in the future.
Like Richard J. Smith.
It was his address that I sought. Smith, who is 40 years old. is in the automotive 

steam engine and generator business. It’s a modest business, at best, confined 
to a small backyard garage. But he and his associate, a 25-year-old industrial en­
gineer from the East named Karl Petersen, purport to be the only people in the 
country presently delivering steam systems and components.

Theirs was not quite the grand operation I expected it to be. My mind, of course, 
was no doubt influenced by the recent announcement by industrialist William P. 
Lear that he was launching a $10 million steamcar project near Reno.

Smith and Petersen are working with something less than that kind of 
investment.

Smith has dedicated much of the past 18 years working toward a practical 
steamcar, departing in that effort “from antique ideas of the past.”

“I don’t just think they’re coming,” he said. “I believe it. Within the next 15 to 
20 years most if not all our automobiles will be steam powered.”

Smith is not a crackpot, but an engineer who turned his full-time attention to 
steam in the early 1960’s “when I figured how to do it,” he said, referring to a 
realistic application of steampower to the modern passenger car.

1961 BREAKTHROUGH

The breakthrough, he said, came to him in 1961 and involved mainly controls 
for the steam generator and kicking aside outmoded ideas.

“Over 120 different makes of steam vehicles have been produced since the 
1840’s,” Smith said. “They all had one thing in comon : They borrowed technology 
from railroad trains and steamships. There was no real auto technologv developed 
of itself.”

He did note one exception, the Doble brothers who started building steamers 
in the twenties. Doble production ceased early in the depression, however, and. 
while their work still related mainly to 50-year-old concepts, they did attempt 
new things, he said. Their cars had two major drawbacks—high price and 
complexity.

Smith feels steamcars can be both simple and practical.
“It is well recognized, even by Detroit, that steampower per se is ideal for 

automobiles,” Smith continued, alluding specifically to performance. “The inter­
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nal combustion engine, as applied, is really inappropriate because it lacks flexi­
bility. That’s why an automobile needs a h transmission

} at
any speed.” It is connected directly to internal combustion en-
gine^tVX^ backward with a simple switch of a lever, which
can be used as an assist in bracing- pvnlained about braking with the en- 

stert
being pulled backward.”

Smith said. ._ riQMMnmpnt need for improved con-The drawbacks have been financing new d P.. the modern steamer.

— ”“s b“n dcarly 
needed is a rational approach to controls, he said.

pX which .^ermine Ktu?, pressure
X’u “l^Sn^^ between starting and actually moving
has been as long as 20 minutes.

SUITABLE ENGINES

A suitable engine, be ^Vl^c^

SX"XHT-X as pallt solvent, which Is considerably cheaper

engine,” he explained, “we can expect
2%rwSXna»n«

» it would he

r° Retained would be the battery, radiator and th^ar^n^^ internal com-
new audiences for steam who

until now have mainly Patrol to test a half dozenCalifornia has authorized the Californial H g y General Motors has
rmw^Oldsmobile cbaX and $120,000 tor the cost ot Installation and 

testing. Nothing has yet materialized.
TESTS PROMISING

Emission tests conducted by the State ns per mnllon o” hydrocarbons, 
m"Ii0“ °f 0Xid6S
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projected standardsXhaUSt fl“"' AU these flgures are far below current or even

wasteful internal combustion en^re efficiency in contrast to the admittedly 
ream6 S •“> 5 ta 10 *»''»- “«
the steam generator. “You might use a bathtnh?nr-reClrCUlates the water to

Special water? “Anything you would drink,” he said & cross-c°untry trip.”

LESS REPAIRS

sasssyst6ms retain

in —
in a Sb' P°”r-11 W°U,d “ 'ik“* ‘eakUu^tZZi sMl

ago housewife’s MtcLn'SZZcooker.”146” °£ magnltu<ie safer than the aver- 
present they arrSelyZiPlyiM Xm!"5?™ a ste“mear themselves. At

sTnT!68 ttat aCtUally worZg“ou t0 hoM,y-
au^Zb^ » Z “at

Thermodynamic Systems, Inc.
Mr. S. L. Sutcliffe * c report Beach, Calif., January 22, 1969.
S,DE^eli C°m’ni“ee M Commerce, U.S. Senate, WaMngten, D.O 
anbStlug the t0 Ie“er * JaMarr 15’ MW, we are

systems «n ce^l’em-iuuV 1'^ development of steam
rently testing, embody the dXlSenfi E J7’*™?* w.hlch we are ear- 
man-hours of concentrated effort in this field uV re®ult °* several thousand our accomplishments to any great extent Vh^ghHWe Dot Publicized 
of the Government and personnel from induX-?? Ve allow.ed certain agencies 
of our prototypes designed for various nnnilnS- comP?nies to Preview some 
with the written material contained herein^a list°o?'th°U W1U flnd encIose(i 
companies and Government agencies t^ whinh X f thf personnel of various 
type steam systems have been Sntel I ho^^ Of our prot°-
in your report to be published in mid Fohrn?rvthw will be of use
of this report, if possible. 1 ebruary- We would appreciate a copy
the £°na\VcmnmCTce°CoiS members of the staff of
a demonstration of the steam systems whirl?™ tment W1th our company for

We cordially invite you to do thS J We a-e currently working on. certain that while you^re^n tl^areaand 1 am 
Milliam P. Lear is engaged in at Reno Nev • A want see the work which 
could be quite useful. °’ Nev' ’ so ^ur trip to the west coast

Yours sincerely,
R- G. Smith, 

Vice President.
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Thermo Electron Corp., 
Waltham, Mass., January 2^, 1969.

S. L. Sutcliffe,
Staff Counsel, Comittee on Commerce, U.S. Senate, Washington, D.C.

Dear Mr. Sutcliffe : Thank you for your letter of January 15.
During the past few months we have been continuing our development efforts 

in the Rankine cycle powerplant area. Progress has ben made toward a useful, 
practical powerplant in accordance with the expectations set forth in our testi­
mony before the Senate committee. At this time, we have nothing specific to 
add to that testimony.

Very truly yours,
Sotiris S. Kitrilakis,

Vice President.

[From the Automotive News, Jan. 6,1969]

Steam Racer Designed for “500”—250 Luxury Model Also Planned

(By William C. Miller)
San Diego.—William D. Thompson, 69-year-old retired automotive engineer and 

production executive, has completed designs of a steamcar of his invention to 
race in the Indianapolis 500.

He is also following through on plans to manufacture and sell a limited produc­
tion—250 to be exact—of his luxury steam-powered passenger cars at $35,000 
each.

Thompson plans to license his steam powerplant for other uses, such as for 
generating electricity in utility plants, and he may grant licenses to other auto 
manufacturers.

“We’ve been negotiating with the Japanese industry,” he said, “but so far 
nothing has come of it.”

Thompson designed the racing car, to be equipped with a Thompson steam 
plant, for three men, who hope to drive in the 500-mile classic next Memorial Day.

Thompson said he thinks they are overly optimistic, and that 1970 is a more 
realistic date.

Thompson gave these sketches of the trio:
“K. B. Wright, Laguna Beach, Calif., a man of wide experience in the automo­

tive field, particularly in sports cars and racing machines.
'“Roy Burslem, Chicago, an engineer and manufacturer, also with an extensive 

background in automotive production both in this country and in Europe.
“Len Terry, London, England, one of the world’s top designers of racing cars 

and whose cars are well known in the racing world.”
Thompson said that Terry will refine the body design and create the chassis 

for the racing cars. The group plans to have four cars produced, two for Indian­
apolis and two for LeMans. A manufacturer in Philadelphia is building the 
Thompson powerplants.

Thompson said the racing group had made a complete study and evaluation of 
his powerplant for use in their racing machines.

His design was completed, he said, “to determine the feasibility of fitting this 
powerplant (which was designed for a 5,000-pound car of 136-inch wheelbase) 
into a car of 106-inch wheelbase, with a total weight of under 1,800 pounds.”

“Much of these powerplants are aluminum, so weight posed no problem,” 
Thompson continued, “but compressing the components into 106 inches of wheel­
base did present some problems, all of which have been resolved.”

Thompson said the powerplant is “strictly stock” adding: “No changes of any 
kind have been made except the rear axle ratio. The car will achieve the maxi­
mum speed (we estimated top speed at 220 miles per hour) with a very moderate 
number of engine revolutions per minute compared with the engine speeds of 
other racing cars.

“There is no loss of water. Fuel consumption is far below that of competing 
cars.”

Such does not hold true with the conventional steam generator, which he said 
could not meet the demands for sustained speeds up to 150 miles per hour and 
yet be compact enough to fit into a racing car.

“Even more critical,” he went on, “is the condensing of this large volume of 
steam. Any attempt to exhaust the steam and not condense it would require such 

26-248—69-----6
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frequent stops for water as to make any chance of winning a race completely 
hopeless.

"Pumping more fuel into a standard type of small generator can be effective 
only up to a point. Beyond that, it becomes self-defeating, as there is not enough 
oxygen to completely burn this additional fuel which would therefore be wasted.

The Thompson-Sterling G.E.S. (gasoline, steam, electricity) powerplant is, 
however, perfectly suited for any type of racing machine as well as for many 
other applications.

“The steam engine is very simple in design, but is a highly sophisticated ma­
chine that is rugged, dependable, and extremely powerful. This also applies to 
the steam generator. These units bear little, if any, resemblance to steam 
powerplants of the past or to those now being developed for automotive appli­cations.

“Incorporated in these units is another element which provides the addi­
tional heartbeat necessary to compete successfully as a racing machine (an 
electric generating set which excites a reactor that provides the steam, and 
a small internal combustion engine, unlike those in ICE cars).

“These powerplants were not originally designed for this purpose, but were 
intended to power a large, heavy, superluxury motorcar, but they have the 
capacity to go far beyond that. A racing machine will clearly demonstrate 
this.

STEAMCAB SLATED FOB BUN AT INDY

This is a drawing of the steamcar designed by William D. Thompson to race in 
the Indianapolis 500. The three men who plan to drive the car are hopeful 
of competing in the classic next Memorial Day, but Thompson said he con­
siders 1970 a more realistic date. The racer will be equipped with Thompson’s 
steam powerplant. The plant was designed for a 5,000-pound car with 136- 
inch wheelbase, but had to be compressed into a 1,800-pound vehicle with 
106-inch wheelbase.
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empowering “ a golf cart The air poUu-

backaKe%w brlck “a StUtZ “4 D“esenber8 Weie ln

^oSoTdrove a Stutz 100 miles per hour (the^a Uemenaous^ In a 

^uIm wo^ operational vice president at Elkhart
CaSX" S hopes. tube read!Ko deliver Ms251> su^rdelure steam pa. 
WM® wM have^wooVpaneling, air conditioning, and two 

is spoken tor.” he said. Bequests to buy 
them have come from all over the country, he adde .

San Diego, Calif., January 20,1969.

OU Commerce. U S Senate begln by
DEAR Mb. Sutclute: In reply toyoui““ b’gu^ in and has 

“■>* -»w mmpi'-“a ana reaay to be 
translated into hardware. n mpnns of bringing this about and

- -

“Sid tell you that our steam p"^^ “^ey
signs, or to any that are bemg «penme«ted with ot silenc(, Tbey are ex­
will operate efficiently in any °peustment are rugged and completelytremely powerful, require no tmeups or a<purt^ Mgy>
SeXb^aon—ctm" They can^
aeXTS8io8“mSs81Th^ruse less tAel than I.C. engines or turbines and 
produce no air pollutants. An(rinopr hn(? made a thorough study andMr. Lawrence V. Julihn, consuit ng engine^ Ims maae a
evaluation for use of these ^XlT^effiterested ffi his opinions as he would likely 
for use in remote areas. You might be inte e Drive, El Cajon,

eoL;“te“'Lao“ ree'car<onSthe r<fad in 12 to 18 mouths and at a competitive

price. . . .Thank you for your interest. 
Sincerely, W. D. Thompson.
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APPENDIX B
Society of Automotive Engineers,

New York, N.Y.
[International Automotive Engineering Congress, Detroit, Mich., Jan. 13-17, 1969]

Critical Comparison of Low-Emission Otto and Rankine Engine for 
Automotive Use

(By J. W. Bjerklie and B. Sternlicht, Mechanical Technology, Inc.)
ABSTRACT

The paper deals with reciprocating and rotary Rankine cycle en­
gines using steam and organic fluids. It compares these theoretical 
engines to the present existing Otto cycle. The comparison considers 
size, torque, economy, emissions, response, maintenance, and relia­
bility. Advantages and disadvantages of the various power systems 
are discussed and problem areas are identified.

Development of the internal combustion engine as an effective automotive 
powerplant involved several phases. The first concerned itself with making the 
engine work. The next step involved improvement of efficiency and performance.

,. % ,yith our affluent society, we are concerned with such aspects as comfort 
reliability, maintainability, safety, and air pollution. Some of these objectives 
are justifiable; however, it should be recognized that much effort can be wasted 
when political pressures outweigh technical, economic, and educational factors. 
Ine technical and, to some extent, the economic considerations have motivated 
the authors to write this paper and try to place the Otto cycle engine in proper 
perspective with other low-emission engines now in the limelight. It is important 
to point out, however, that the Otto cycle engine is in existence and therefore ac­
tual while the Rankine cycle engines are theoretical.

Smce the outcry for low-emission automotive engines has been publicized 
there have been numerous ideas proposed. In the present climate, however, it is 
difficult to discard any ideas. At the same time, it is extremely expensive and 
time consuming to evaluate all of the ideas proposed.

It should be recognized that the Otto engine has had a good performance record 
In addition, it is the lowest cost powerplant in the world, it sells for less than 
M per horsepower. This is a major achievement largely attributable to years of 
development and to mass production. In addition, there is tremendous investment 
m tooling and know-how for producing and maintaining the present day auto­
motive engine. The various gas stations and service stations have mechanics 
that can effectively repair and maintain the engine. It is, therefore, not surprising 
that considerable effort is expended in modifying the present engine to meet 
future pollution regulations. At the same time, one should be objective and look 
at other potential engines that could be better or equal in performance and 
simultaneously minimize the pollution problem.

We do not wish to imply that the Otto engine cannot be modified to meet the 
low-emission requirements. In fact, the use of afterburners or catalytic reaction 
beds in exhaust manifold have long been considered and actuallv can be made to 
work well. Sacrifice in fuel economy is another technique that can be used to 
reduce pollution.

It is well recognized that powerplants which use external combustion have 
considerably lower emission characteristics than the present day internal com­
bustion engines. The gas turbine is a good example of this feature Other low- 
emission power systems include the electric drive and the Rankine engines

It is also important to point out that the efficiency of a Rankine cycle utility 
powerplant is somewhere between 35 percent and 40 percent (based on lower 
heating value of fuel). While the efficiency of an Otto engine at 25 m.p.h. on level 
road is only about 12 to 14 percent; at 65 m.p.h. on level road it is 18 to 20 per-
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-cent. It is apparent that the ^tual operating efficwncy o^
under ideal conditions, is considerably lower than that of the ut y po P
In addition, the Otto engine uses there-
utility powerplants. In Rankine engines t nowernlants can be used. This would 
fore the same fuel that is burned in utility p P ‘ +be automotivereduce the fuel cost. In addition the theoretical disadvantage
Rankine engine can be several points higher than the Otto eng - effl.
can be maintained over a ™ide Igwer ^ange, uesxtefnal coSmbustion therefore 
piPDcips well above the Otto engine, xne n e . va/-»•»-»
reduces the fuel cost and inherently produces indicationsthe reasons tor Rankine engine consideration. In ad^
that a hermetically sealed Rankine engine of the turbine type can o p

tive comparison. This corresponds to the power level that nu a menu

d^omSariX*^ was given to: horsepower r^ulren^ts; torque 

=- 
limitations, only highlights of the investigation are presented here.

SYSTEM CON SIDEBATIONS

Figures 1 to 5 are block diagrams of the five systems

S1S1TS swan-." — -
Figures 2 and 4.

Figube 1.—Block diagram of automotive powerplant Otto cycle, 

i Numbers in parentheses designate references at end of paper.
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Figure 2,-Block diagram of automotive powerplant-steam reciprocator.

STEAM TURBO

Figure 3.-Block diagram of automotive powerplant-steam turbo.

ORGANIC RECIPROCATOR

Fxoubb 4.—Block diagram of automotive powerplant-organic reciprocator.
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Only the Otto cycle requires a large starter separate
toUe? feed plm^M
at initial startup is achieved with the separately p 
rX«"«^

fl"The*'transmission used depends greatly on the P»wer^“t The Otto cycle

‘^he^Se^

“■BSEHSSSSS 

BSHSbIB 

^ accomplished a ge.?system or be part of the control system.

ENGINE REQUIREMENTS

SS^BBu"
^^FcOnd^^
comparison it was assumed that the Otto cycle and the turbmednv^ were 
ifliWif®

be maintained with a friction coefficient of O.b.



W.™ ”“LE Pr8F"RMM“ °F AUTOMOBILES WITH VARIOUS L50-BR POWER SYSTEMS

zan„: !.cycle Vapor’recipro- Vapor’turbine 
(engme ratings cator (engine (engine ratings 

250 hp.)2 rating=168 hp.)« s 150 hp.)«

Top speed (miles per hourl
30 tn finmmPnhh acce,aration (seconds)'.' 
Graded RnPm ■ a?c®lerat,°n (seconds), 
uraae at 60 m.p.h. (percent)

117
10 
5^ 
20

121
9.5

5 
22^

117 
110 
6^
20

2 ^OhTco5 '°n efficJency taken as 90 percent 

al 60

f £ -,0 ac«l.eration time. P' , & SeC’ (50 mp-h-)- Eng|ne could be designed never to exceed 150 hp at

• 150 hp. corresponds tc/norma" pea^Vower aVfon^ percent for other conditions
° TraJbon HmitedW rpm>Mne operates a 30^ ratio a^™d during acceleration

limited. Turbine supplies more torque at start than faction can transfer. haV'ng reached 30’000 rpm-

and the number of cyHMe^Th^ the maximum sliding velocity,
a given mean effective pressure an/ diameter and for
walls such as is possible with the low fpmnP°?r' well’lubricated cylinder 
ing velocity, can approach 3 OOO frWOrking fluids or oil> ^e slid- 
2.000 to 3.000 r.p.m In the interest o?comn? leads to shaft ^eds of 
apr^iprocators were evaluated at 3,OOO?.?.?!!™^ * Sma leSt Poetical engines, 
30-00 m.p.h. an^the^ax^ 60,mp time to accelerate from
notes on table 1 explain the

RANKINE CYCLE WORKING FLUIDS

cussion^f and fluIds is fundamental to any dis-

a."d (2-5).
terrelated: cycle efficiencv onnHnn? ar$ely evolves three factors which are in- 
of a regenerator. The cycle efficS^VZ?’?’ and heat recovery by means 
tion of the Carnot efficiency • 7 CaD’ f° simphcity, be represented as a frac-

'n^r r   '’tn in .
VCa not------ - -------- and 1)=fnCarnn.

1 peak J'Carnot

that^an bVa^ieTed.’It ^ead?l?^?S C°nStant for a ^ven fluid) 
mg temperature for Rankine cycle?) has a It™!?11??11?1 temPerature (condens- 
is also evident that the temperature k ^Sect on system efficiency. It
cooling medium (air for automotive the condenser and the
size. The opposing effects lead to in nnihm S / kaS a stron£ effect on condenser 
size. Condenser size and cost are imnortnn?f emPerature for smallest condenser 
is cycle efficiency if fuel consumntinn^ V fc f • automotlve applications, but so 
design (including the fan cost and The most economictemperature range between 150™nd 250 F f P1°n W1U OCCUr in a condensing 
F. For higher pfak temperatures the mn^t a * temPera^e of about 700 
temperature band somewhat higher Th? temnA^ SyStem has a condensing 
quite wide for only a small vlrSion in UFe S-pread of the condenser is 
latitude in choosing a SpromS between Affi“Ser Sl^‘ This assures a wide 
condenser size (cost and package size). efficiency (fuel consumption), and 
of the Rankine fluid.^^pohiT^^nTh?^??/^!11/116 ?hape of the vapor dome 
°n the saturated vapor cK for the sUr^ -ndiCateS a typical point 
Prime mover. The fluids have three "on
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process. These are moist (wetting fluid), San^are^s
(isentropic fluid). The thermodynamic implications of the three shapes
follows:

Wpttine • Hisrh fraction of Carnot efficiency achievable if liquid specific heat is low wS E fgood example of a practical wetting fluid, Jut suffers from high 
uXidsSic heat Mercury is a good example of a theoretically excellent fluid liquid specihc: neat ece^ciency can be achieved if a regenerator is used.

in the fluid
«inn The heat is transferred from low pressure vapor to high pressure iiquiu !ust’before the StS enters the preheater-boiler. Most hydrocarbons are of this 

ty Isentropic • High fraction of Carnot efficiency achieveable if liquidI specific 
heated is low. No regenerator is ^eded. A few fluids appr^imate y pp h

Into the ?apo? dome. Collection of moisture usually detracts from efficiency of

Me^au^S^^ 
bs:xr«s^“sto
Ind saving on external heating. The regenerator can be about half the size or a

regenerator is preferable to a desuperheater, for it results in better e 
and keeps the heat exchanger size down.

Otoner°thermIXamlc and design features become important as.other factors 
are considered. For example, it can be shown that a cycle haying its start or 
expansion at the saturated vapor line will always achieve higher frac t n 
Carnot efficiency than if it starts either unsaturated or superheated (6). This is ve^im^rtant when the peak attainable temperature ^te^ 
materials, or fluid limitations. A separating chamber should beused to assure 
that the vapor leaving the heat addition components is saturated. Also as I - 
'heater slmuW te avoided, it possible by the flection a flmd .m^ 
superheat to achieve a high enough peak temperature foi sufficient cycle

Tan ’also be shown that for a given condenser temperature the best cycle 
efficiency of a drv or isentropic fluid occurs when expansion startsbetpeen t

ehange) and volume flow upon

pressure? ThesePcompensating factors usually end up with a high molecular 
weight fluid being most suitable for low power turbines.
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the working fl^d^Hato^natedhrefrigera8?11117 a"d materials compatibility of 
400 r. It i, highly “Xue io,T»Stb^ typically unstaWe “lore 3W-
siderably high temperature Theloa thermodynamic viewpoint to go to cen­
to temperature abo^e 700 F ^water working fluids stable

Use of the eon-
tion. But, some fluids are best condensed at knge -°f air during oP^a-
nonreactive, or easily deaerated fluid sb on ^bat“°sP^nc pressure. Then a 
It is assumed that a static seal will he nsod^ be used for nonhermetic systems, 
shut down. 1 WU1 be used to Prevent rapid influx of air upon
ParXreS^Zuml^ °f s“<* a that several design 
choice of fluid): (assuming condensing temperature can be satisfied by proper 
efficiency tu^nes.Thi^fmpI^ SmaU reciProcators or high
turbine efficiency can be achieved (7\ e f°r 1OW ^^r turbines so that high 
the size of the engine and £Ji b F°r reciProcators the volume flow dictates 
stages. gme’ and the volume expansion ratio dictates the number of
lraV»TtVZ^?n“S^ should he only a small
normally shotdd be above 1 psma.

reciprocatoreetheSmMmtum pressnres^UnoS as.lon’ as 1 t0 3 Pala. For 
(and preferably above one atmlsnheZ J1 ifone-half atmosphere 
automotive engine sizes. This usually leads to sli^hffry 1S tO °f about Present 
ciency than for equivalent turbine srstS ghtl;YP?Orer thermodynamic effi- 
18"n K
fluid selection chZt^sh^Tn represented on a single
maximum usable temperatures and minima rtical lines are used to represent 
lines are used to represent minimum us^hS We temperatu^s. Horizontal 
pressure (usually selected to be <1 000 n s i a and maX1™um usable
for difficult containment). ’ P ' ’ mere^ to prevent having to design
iJaU m 6
usable pressure and the minimum usable n’ klIe stayi?g between the maximum may require a slight Xg?eTX“pe^ A slightly less workable fluid 
the chart when the vapor pressure !s easily detectable on
intersecting the maximum usable temperature linear .pressure before
being lower than the maximum usable taStm '^Mature
be from a ttermodynami^standiSlne ?e worse thc fluid wiu
in heats of ?? lnd exact Tarlatlons
(one with all fluids on it) can boused only runlet ““Wie fluid selection chart 
fluids. Hence, a more nrictimi nm-. «« i ' ° pic^ a number of potentially usable better fluids XJfcZ? "sh^w ““’V01’ fl?Ure 6 whl'h ">l“ 
dynamic efficiency in the “ZX-hMM “'T 6 achieTCS ideaI ‘hermo- 
efficiency (except for wate?) condttion above 75 degrees of Carnot
Theseare^' °f Otber ObT1OUS '““^rations enter into the selection of fluids. 

systems~may (Sding^ SLaSab^^^ Even hermetically sealed 
the fluid. tnermai stability) require periodic replacement of
ings in case of spills^ reaction ^personnel if^ HP°r ’ e^ects on surround- 
breathed ; toxicity ; flammability • fla^h noSH \^ spilled on skin, swallowed, or

Freezing noint_ A a • p01nt > and explosion hazard.
out having to introduce heat at fta^un or antifrlhe KUid tO be used with’ 
cycle operation. P Or ant1freeze which may prevent proper
betweenTte^ preleltty a^ meaningful comparison
cycle working fluid in table 2 CP 97 hoc i ture duids’ and an ideal’' Rankine represents one of ft” more unSIlv ln this stnd-’ sia«> «

vie universally applicable low-temperature fluids.
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Steam /rpS?7xly available fluid
------------------------------------------------------(CP-27) "ldeal” i

TABLE 2.-C0MPARIS0N OF RANKINE FLUIDS FOR USE IN AUTOMOBILES

Typical^xpander inlet condition 

for ’’oa 25 percent-
Typical condenser temperature 

for n— 25 percent.

100 p.s.i.a., 1,000° F....

212° F.............

.. 600 p.s.i.a., 700° F. to 
800° F.

. 150° F

<1,000 p.s.La., 800° to. 
1,000° F.

. Z00° F.
Superheater

. Needed...........

. None_____””_____
- Reciprocator best; poor 

for turbines.

Regenerator..........  
Prime mover...... ____

Cost..........................

. None..... .........

. Needed_________
Turbine best; reciprocator 

tolerable.

. None.
Do.

OK for either.
• Very low........................

General usability - 15 cents per pound.......... . 10 conts to 25 cents per

Freezing point............ __

Nonreactive..................- Process lubricant; flam- 
mable (hydrocarbon).

pound.
Nonflammable, compatible- 

with some inexpensive 
metals and elastomers 
nonreactive with air or

Freezes at 32° F____ Freezes at —40° F............water process lubricant. 
Freezes below —40° F

Ptese^d^n^ ’ Rfln^ fluid for automotive engines is also
compact, very high efficient turTsvst^^ Specificatten will S to a ver? 
answering this specification but to date hX nTh P1T7 fluids come cl°se 
Others are good in all respects excent thbee" tested in Rankine engines.

Wh Ope °f the vaP°r line1 P 4 tb y deviate primarily in flammability 

working fluid,

it1?? low critical temperT^
Tn addition,

the reciprocating steam engine.™!? regenerator “h “re slSnWcantly better than 
efficiency will be higher, and procei fl^ wiU be ^eded,
the system. p eSs fluid lubrication would greatly simplify

COMPARISON

gine packaged to ^unde^the^ood ofTm °J a 150'horseP°wer vapor turbine en- 
s sized using an existing wSg flufd (C^ ^-priced automobile.^ 

the conceptual engine fits, there is little P be n°ted that, while
ator resulting from the use or an tar Eliminatlon or the regener-considerably more Tree space Opt, Stion or th' a™“a>»c would ieare 
the condenser and regenerator, will ™rth " especially

The largest single item is the burner nrehL^d r »the Package size.
condenser. The turbine assemblv h i ‘ bo1^ f°llowed closely by the
single-stage turbine was only™all With the fluid used7 the 
r.p m. 3 aDout J iuches in diameter and operated at 30,000
denser temperature.0 Likewise* optim?zatim behveen 15°° a"d 250° F con­
tend to occur at a temperature corresponding^8 7 “7 Very sbarp’ but wiH 
A compromise will usually have to be made tn™ n clatively low cycle efficiency.

A ?lSACOUdenser. temperature so that gMd operating economy
A 3,000 r.p.m. reciprocating version nf in; * packagln£ can be achieved.of around 200-cubic-inch d&cS; a prime mover

turbine system, and smaller than the block of » S W°UJd be larger than tbe 
high horsepower. w°ck of a conventional auto engine of

The large size of the reciprocator (at inner-
Slot LSa™" t0 ™
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Figure 7.—Automotive turbo Rankine engine for present fluids, 150 horsepower, 
installed in medium-size passenger car.

PL
M

 OF 1964
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regenerator will ^Cieedec^but1 a ^Cin^ ^u11^8 the organic system. No- 
of the steam system win be Sout th^™^ W1U r?quired’ The condenser 
operating conditions assumed were 1 OOoTsiT 1^’ Ft °TniC- Tb*
condensing temperature The thpnrCbA’„r F- turbine inlet, 212° F.lower (19 percent) than the^anic 87^“ ThuV^f
automotive use it would have to be inSS’ f? f St ea“ were chosen for 
economy. stihed for reasons other than operating
Berausr^Ip XdS by using steam at these low power levels. 
“ t^^ “ - S
turbine speed will be above 4oSi!m?nS^g Jth tbe or^anic system. The 
The steam turbine thu^te^^ dia“et^ wil1 be less than 8 inches,
and lower efficiency as comnared to tholtlStage’ ^gber rpm, smaller diameter, 
treme care in design win Ka M L ® o^c fluid turbine. In addition, ex- 
lubricants. Hydrostatic hearings win stea.m or water are used as
complication to the svstem ^ntnnH/S> be refluired> which adds further bearing clearance Ld r^ haY? *° be Panted within the
carrying capacity restnctl0as so as to avoid instability and loss in load 
thaTb^X oThTgS^ Md reclprocator except
^t!^ flU‘d Me steam redpXS? ^“^“nXTbr?

paSVo^Xol^ sV^oT^T11.17 sma11 8izeachieve this; namely a Conventional. ) - design features were used to

to flt int» ">r

to the public merely because’or tarje size gme C°n<:ept may be ™««ptablesasses—-SS£=-« -
need be 8dded to teep X

en&w^Zo^^^ Kr0”’ OtJ Rankinassss-ES
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Cost: Detailed designs of each system are necessary in order to accurately 
compare the cost of each engine. These designs were not available for the 
Rankine engine therefore no final conclusion should be drawn from this section 
except to indicate in “ball park” fashion the potential. However, the cost of the 
present automotive system is available and estimates were made for the other 
systems based on expected ultimate cost. The cost of the present engine system 
was normalized at unity and compared to other systems on a relative basis. 
Wherever possible, experience was drawn from other systems. In preparation 
of the cost comparison, table 3, the area of greatest potential error is in the 
engine cost.

TABLE 3.—RELATIVE COST COMPARISON OF OTTO AND RANKINE SYSTEM

Otto 
cycle

Steam 
reciprocator

Steam 
turbine

Organic 
reciprocator

Organic 
turbine

Engine1------------- --------------------- 0.42 0.40 0.20 0.40 0.16
Heat addition_________________ .20 .18 .18 .18
Heat rejection________________ ______ .04 .10 .10 .10 .10
Transmission_ ________ _____ ______ .35 . 15 .40 . 15 .38
Accessories2_________________ ______ .13 .13 .11 .10 .10
Emission control______________ .06 .

Total_________________ 1.00 .98 .99 .93 .93

i Engine cost includes fuel injection system and ignition system.
* Accessories exclude air conditioning, power steering, power brakes, power seats, power windows.

The reciprocating engine (Otto, steam, or organic fluid) can be expected to cost 
comparably on a displacement basis. The organic fluid turbine prime mover 
should be cheaper than the steam turbine because of fewer stages. The turbo 
engines should be considerably cheaper than reciprocators, neglecting new in­
vestment cost for mass production equipment. The stresses are low (tip speeds 
only on the order of 1000 fps), and the temperatures are low so that inexpensive 
materials can be used. Present-day bearing technology indicates that the shaft 
bearing assembly can be made relatively inexpensive. The fuel injection system, 
ignition system, and the mixture control should be less expensive in the Rankine 
systems than in the Otto cycle engine. But, the preheater-boiler of the Rankine 
systems will be considerably more expensive than the Otto cycle heat addition 
system. Also, the heat rejection components of the Rankine cycles will cost more 
than the radiator of the Otto cycle because they are bigger.

The vapor reciprocating engines should have the least expensive transmissions. 
The turbine engine transmission cost, because of higher speed, are expected to 
be somewhat higher than the Otto engine.

The Otto cycle and steam reciprocator accessories are expected to be compara­
ble. The steam turbine accessories should be slightly cheaper than those of the 
steam reciprocator because of the simpler lubrication system. It is very probable 
that the accuracy of table 3 is worse than 7 percent which represents the greatest 
difference. However, the comparison is sufficiently encouraging to warrant a 
detailed design from which a more accurate cost assessment can be made.

Emissions: Emissions from the Rankine systems are expected to be low and 
within the future emission specification. Figures 8, 9, and 10 show results of 
measurements made on jet engines, gas turbines, Stirling cycle engine, and un­
altered Otto cycle engines (10-13), but with the results adjusted to be the 
equivalent of a stoichiometric mixture. This adjustment was made to account 
for the diluting effect of excess air. The measured ppm can always be reduced 
to very low levels merely by adding excess air in the exhaust, but this does not 
reduce the actual mass of emissions unless a chemical reaction is carried out 
at the same time. Since the actual mass of emissions per horsepower hour is the 
real issue at hand, the diluting effect has to be eliminated from the comparison. 
This is done by dividing all actual measurements by the overall equivalence 
ratio, e(e=actual fuel-air ratio/stoichiometric fuel-air ratio). A further adjust­
ment has to be made for specific fuel consumption difference (the better per­
forming engines will use less fuel, and will therefore have less emissions), and 
another correction would adjust for the difference between design point emissions 
and actual use emissions over a typical cycle of acceleration, deceleration, high 
speed, and low speed. However, at this point it is impractical to make these latter 
corrections.
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Figure 10.—Exhaust contaminants for Otto cycle and external 
gines oxides of nitrogen (as NO2). combustion en-

7 Sh?W? In “gures
tants normally considered (unhnmM, hv i emissl0ns of the three pollu- 
ides of monoxide, and ox-
long dwell time the oxides of nitmLa y Smith and associates because of the equilibrium values arthe enS of in VaS turbine tend to b* at
of about e=0.8 and fall off on either S ?ey ^ould be a “aximum 
experience therefore, it is expected that at BaT*gas turbine
lower than specified bv law On the other hanfl4 oxides of nitrogen will be 
burned hydrocarbons tend to fall to veryTo^a^

three pollutants a^eSreme^low^n gls1^ °’4 °Ver Which a11
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The Stirling cycle burner is akin to the gas turbine burner, but generally shows 
even less emissions at a mixture ratio of e=0.4. This burner is external to the 
engine as well as being fixed, and is comparable to that required by the Rankine 
engines. Thus, it is expected that the Stirling engine results are the measure­
ments most closely approximating the Rankine engine emissions.

It is possible that the specific burner that is suggested for the automotive 
Rankine cycle will have even less oxides of nitrogen emissions than the reported 
Stirling engine. This is deduced from the facts that these emissions are strongly 
influenced by temperature as well as by free oxygen. In the conventional burner 
the temperature reached tends to be adiabatic flame temperatures. In the pro­
posed burner system the flame is not adiabatic and the temperatures will be 
lower than normal. Thus the equivalence ratio at which oxides of nitrogen be­
come high will be greater in the new burner than in the present ones. This would 
offer the possibility of extending the range of e for low total emissions from 0.2 
to as high as 0.6 or 0.7 as opposed to 0.4.

There are several ways in which the emissions of the Otto cycle can be made 
to approach tolerable levels. The afterburner and catalyst methods have been 
well discussed in the literature and need not be mentioned here, except to assume 
that they can be made technically acceptable to meet the proposed 1975 stand­
ards. However, the existence of much lower emission engines may lead ultimately 
to regulations more closely matching these best engines. This w ould outmode 
the 1975 standards even before they are instituted.

It is our strong belief that the Rankine engines can be made more acceptable 
than the Otto cycle from a total emission point of view. It can also be made as 
good as any other power system so far proposed. This argument holds even for 
battery systems if the central power station pollutants are included as part o 
the battery charging system.

Response: Two of the most highly desirable features of the Otto cycle are. 
instantaneous propulsion after turning on the ignition switch and high accelera­
tion capabilitv. delayed only by the movement of the driver s foot on the throttle 
pedal. On a time basis, and with a well-running auto on a normal day, these de- 
lavs amount to 2 or 3 seconds and a tenth to a quarter second respectively. To e 
as* desirable, the Rankine engines should be able to match, or closely approach, 
these short response times. . .Calculation for the 150 horsepower engine shown in figure 7, and using the new 
boiler concept, show that the initial heat up time can be less than 10 seconds. 
By better optimization of the design and using stoichiometric combustion for just 
the initial heating period this time might be reduced to 6 seconds.

The response time of the same boiler after it is hot was also calculated. The 
assumptions were that the preheater-boiler was hot but fluid flow rate was zero. 
Then full flow was demanded. The biggest delay is the transfer of heat into the 
fluid rather than in maintaining the heat of the tubes. The calculated response 
was j'ust over half a second. . ..These calculations indicate two requirements, both brought on by the boiler 
response after it is hot. First, a heat flow control will be required in the preheater­
boiler to keep the working fluid from getting too hot when the power demand 
is low or nil. The other is that a small vapor accumulator will be required to 
assure the fastest possible response. If a 2-second full-power vapor supply is held 
in the accumulator, the reservoir capacity for the fluid analyzed here must have 
370 cubic inches—(a 15 by 6 inch cylinder with hemispherical ends).neither ot 
these requirements appears to be insurmountable. They do, however, introduce a 
requirement for additional control and an accumulator. .

Maintenance and reliability: Reliability can be compared on the basis of 
machine design, static and dynamic stresses, maximum temperature, and tempera­
ture gradients. Maintenance can best be compared on the basis of number ot 
parts requiring adjustment. These are listed in tables 4 and 5.

Tables 4 and 5 illustrate the very good maintenance and reliability potential 
of the Rankine engines—especially the ones employing organic fluids. This is 
directly related to low-peak temperature and the relatively few parts that 
can go out of adjustment.

COMPARISON OF ADVANTAGES AND DISADVANTAGES

From this preliminary design study it is evident that there are some definite 
advantages of the various Rankine engines in comparison to the Otto engine. 
In addition to the features already mentioned, there are several other potential 
advantages which may be achieved with the Rankine engine.
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Present organic fluid Rankine systems have disadvantages in packaging as 
wellas^potential disadvantages with the working fluid. A small amount of fluid 
will be at high pressure, and most present fluids are combustible. In addition, 
most presentfluids react with either air or moisture, which requires an effective 
seal or introduces the necessity of such components as harmonic drive (this may 
^WUh^N^n^ working) fluids and with the most
presently developed, the steam reciprocator is best able to compete with the O 
cycle engine Ite major advantages over the Otto cycle engine are expected to be 
low emission, simple transmission, maintenance and reliability, fewer operating 
^It?disadvantages compared to the Otto cycle engine are size (all components

for automotive use on all major counts.
AREAS OF ENGINEERING DEVELOPMENT

Several technology areas have been discussed that
of development work before truly acceptable engines (either Otto or Rankine) 
are available. These major areas are:
Otto cycle

1. Emission control without sacrifice in fuel economy.
2. Improved servicing and repair requirements. ignition
These can be (and have been) attacked through studies of improved

sequences and new types of combustion chamber-flame P^Pf^^^^nd de­
Development studies on reaction kinetics of nitrogen oxide formation and de 
composition should lead to afterburners that can treat these fissions asweH 
as unburned hydrocarbons and carbon monoxide. A future ability to use high 
wall temperatures should lead to improved performance ;and
Servicing and repair will always remain a major concern since so many adjust 
ments are required for achieving fine operation.
Steam Rankine cycles

1. Improved burner-boiler technology to raise effective heat transfer coefficients 
and burner reliability.

2. Water lubrication of high speed pistons and bearings.
3. Steam lubrication of high speed turbine bearings.
4. Shaft seal/or hermetically sealed drive.
5. Accommodate freezing temperatures. eon-
6 Condenser to be compatible with the wide range of environmental con 

ditions without greatly affecting thermal efficiency.
7. Torque converter suitable for use with turbines.
8. Reduced preheat time.
9. High pressure water pump.
10. Valve gear.

Organic fluid Rankine cycles
1 Development of “ideal” working fluid.
2 . Improved burner-boiler technology to raise effective heat transfer coefficients 

^”3 Controls in burner-boiler to prevent overheating of fluid under extreme con­
ditions. .

4. Shaft seal/or hermetically sealed drive.
5. Torque converter suitable for use with turbines.
Si^e^h^burS-preheater-boiler is an entirely extra component of the Rankine 

evcle compared to the Otto cycle, it behooves the designer and engineer to re­
duce its size as much as possible. The methods alluded to in this paper tend 
to do this, and these and other methods must be exploited for a completely 
acceptable Rankine engine to become a reality.
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ACCEPTABILITY OF AUTOMOTKE ENGINES

no.“?«?r »»w tech-
must be acceptable to the nub! c mm reasons,ful. There are several accentahim? fLt J^rr if it is to be success-
and user would generally agree on? Th?se°are" e manufacturer> dealer, 

1. Initial cost.
2. Response (starting and power on demand).
d. Safety in case of accident.
4. Convenience of operation.

^Tne_ manufacturer, because of styling and present practice, is also concerned

The n™ 5SiU"'tl<>D,tllat WiU St »P«ee.
"T by the «”*“■* tional factors: 1 g’ put the Allowing order of importance to the addi-

6. Maintenance and reliability.
7. Fuel economy.
8. Smoothness of operation.
9. Noise.

oraSlnTSe^a^?6 a"itl<,M1 faCtOTS WWeh *» ‘he -social” aspects 
10. Fuel type.
11. Exhaust emissions.
12. Versatility.

of -— 
one must establish an order

of a survey and Sveral ?ddift™T^ °.n that basis- A combination 
portant facto™ tbat the most im’
omy: safety in case of accident - ovh'JL ™ and reliability; fuel econ- the Rankine engine has the itS?^ initial cost- Of these,
in maintainability and reliability fuel ^haiVhe Otto.cycle engine
the Rankine engine should be at least rnmna ii ,nd exhaust emissions. Also, 
case of accident aSt ^^rable in initial cost and safetv in

two implications work for the 8 dlstinct advantage. These
in fuel choice. e engine because of the great versatility

of h*» P^ tially dictates that a future Lfnki^ Thls conee™ ^sen-
fluid (stream or the “ideal” fluid) or that ^tZ^b* * U.se a nonflamuiable 
to locate properly and desira the boK ^^s will have to be taken 
spreading of vapor in case of an accident 0 reservoir to prevent escape or 
AgmTSy^X aTrv” a^a^ from^oW ‘X”'* 
fast response from a cold start is probablv pHhLabhors. contend that 
10 seconds. This works to the advantap-p of'th”0-!? as long as it is less thanwith a running ensrine ?ho„^ tbeRankmeengine. However, response 
vantage of theLtt^c^ XZK W°Jks t0 the ad'
small vapor reservoir to achieve* instant 3t all.Rankme engines have at least a 
the Otto cycle. Stant runnin^ response and thereby match

CONCLUSIONS AND RECOMMENDATIONS

ds t0 warra”t a detalled
1 mi.^dy ,bFlngs forth several conclusions:

the1™? e^e” euX^fmautomoW^ ma3or ^’antages over
omy, low emissions. automoblle use. maintenance and reliability, fuel econ- 
eyeiefcr^X'XTX8^ t0 be tbe best ^-Mue
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3. With “ideal” fluid availability (which is ciose to present
on informationu obtained by the authors from several Otto
companies) the Rankine engine using the fluid should be superior to the Otto 
^SFn^verV ^d Rankine cycle turbine engine offers

thJ BanEne Sne as the future powerplant and that the ctomeal and petro- 
chemical companies concentrate on the development of the ideal fluid.
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Carnegie-Mellon University 
Hutment of Mechanical Engineering,

Mr. Len Sutcliffe Pittsburgh, Pa., February 11 1969
W^MnSton^C. OU Senate Office BuiUi^

tatiou asked me i/Twould beZinn^ b?'' °fflCe °f hiffh'sPeed ground transpor- 
Bjerkhe and Sternlicht entitled “Critf™? 0?™“^ °n the recent SAE Papei?bv 
Rankine Engine for Automotive Use” and inE ™ of/^-Emission Otto and

Im generally aware of the activifio/^Ar ?.m y U of my opinion.
abieto hear the presentation of the* paper of^tere^1 ^c^ology. Inc., and was 
in Detroit. I think the paper sums m/tiL L st at tbe recent SAE meetin­
g’s possible to argue with the authors1 nn s^te of the art very well. Although 
all conclusions and recommendations' are th^am^th?^ the Paper’ their °ver-

It is very interesting to note that similar<ame tbat 1 would arrive at.are arrived at by almost any ^oXf Svesti^^ commendations 
of Rankine cycle engines if that group is not sonwhn that 10-°ks at tbe Potential 
mg automotive industrv In addition u- someb°w associated with the exist

in tbe groupseffects of the Otto engine emissions'are aoti, ! “ fc g or redu<nng the adverse 
various sorts. As such thev 1 avo , So f m energy Aversion activities of the internal combustfon enginel but^ ?nd ^P^i^ce not onfy in
technology that has been developed bv NA^ Particularly the
applications. Although thev make conclus^ts and d the AEC for Power 
nonexistent Rankine cycle engine, thei? eonXVLT^ based on a
generally not based on nonexistent knowled-e S &nd reeom,nen(Iations are

Sincerely yours, 6
S. William Gouse, Jr.. 

---------  Professor.
U.S. Senate,

„ .Committee on Commerce.
Hon. Marvin Watson Washington, D.C., September 10 1968

d & P°“ Department,

which indicated ttaUh “ articleton delivery vehicles for use bv urbaS area 24’°°0 Quarter-
fiscal year. It occurred to me in reading this during the lining
program could provide an excellent opportunitv S major nurchasinf 
lo^nuHng’^roS tO stimulate the developmelTU^^ o? 

Congress, hX\ongbeeSnc^^ many other Members of
environment. An estimated 60 percent of ? the Pollutmu of our
mternai combustion engine, and thh; pollut or hn? I" on^inate from the 
health and shortening the lives of manv of has been steadily impairing the 
buildings and the limiting of ZvS 1E C‘tizens’ The begriming of our 
outgrowths of this frightening increase in obviou8> ar« secondarvIn recent years there has b?en"a greltdeal ofOf the air we breathe, 
and steam engines as feasible low-noButin^L H devoted to both electric 
t.0h engine, indeed certain SdS s b °^ t0 ™mb„.'
the development of these new pronnlsinn *d,V far enough within limited markets. I bbller/X th^ 
essential role in furthering the °®ce PePartment could plav an
systems by purchasing a limited number of tbese Pew Propulsion
those urban areas where air pollution forint- n. tricor steam vehicles for use in only might the Department^ r‘°ns N“
long-term cost with the internal comhnSnJ 1 competitive in performance and 
illustrate the Federal government’s concern withinfhpbUt could dramatically 
tion problem and the apparent inability Seb tbeK senousness of the pollu- 
on their own, to make a meaningfuHrnpactupon*? ' * manufactur*rs, acting
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I hope that the Post Office Department will give serious consideration to 
establishing such a policy in its vehicle procurement. I can think of no better time 
to start, than by including a small proportion of low-polluting vehicles in its 
acquisition of 24,000 new delivery trucks.

Sincerely yours,
Warben G. Magnuson, Chairman.

The Postmaster General, 
Washington, D.C., September 12,1968.

Hon. Warren G. Magnuson,
Chairman, Committee on Commerce,
U.S. Senate, Washington, D.C.

Dear Mr. Chairman : Just a brief note to acknowledge receipt of your letter 
of September 10 with regard to your deep concern over the increase in air pollu­
tion. and your request that we include some low-polluting vehicles in our new 
purchase of delivery trucks.

I appreciate your interest and concern in this matter and want to assure you 
that your letter will have the prompt attention of the appropriate officials. We 
will, of course, be in touch with you again in this regard in the very near future.

With kind regards.
Sincerely,

W. Marvin Watson.
Post Office Department,

Bureau of Facilities, 
Washington, D.C., September 18,1968.

Hon. Warren G. Magnuson,
Chairman, Committee on Commerce,
U.S. Senate, Washington, D.C.

Dear Mr. Chairman : This has further reference to your letter of September 10 
to the Postmaster General and his acknowledgement of September 12 regarding 
our vehicle program and air pollution.

The Post Office Department has conducted a number of tests of battery- 
powered vehicles. We have operated a sizable experimental fleet of 3-wheel 
vehicles as well as a few 4-wheel powered with batteries. Two basic problems 
developed in these tests, reliability of controls and range. Industry is working to 
resolve these problems.

The Post Office Department has cooperated fully in the testing and develop­
ment of electric propulsion systems and we stand ready to cooperate with indus­
try in further refinement of these systems. Our bureau of research and engineer­
ing has a continuing interest in this work.

With respect to the current procurement of 24,000 light delivery vehicles, this 
constitutes a requirement to meet our normal needs. It is mandatory that these 
vehicles be equipped with the latest devices available which minimize air pollu­
tion. Funds for vehicle procurement are included in our plant and equipment 
appropriation which is not available for purchase of experimental type vehicles. 
When and if industry offers a propulsion system which can effectively perform 
in our rigorous service, the research and engineering appropriation is available 
for purchase of experimental units.

As operators of the biggest nonmilitary fleet in Government today, we are 
vitally interested in any program which promises to curb the pollution of the air 
in our major cities.

Sincerely,
John L. O’Marra,

Assistant Postmaster General.

[From the Automotive News, Feb. 24, 1969]

Lear Steamed Up About Steam—Involved in $10 Million Engine Project

Reno.—William P. Lear, Sr., inventor, designer, and industrialist, has left 
retirement at the age of 66 in a rather spectacular manner, embarking on a $10 
million program to develop, test, race, and produce steam turbine and reciprocat­
ing steam engines for automotive, aviation, and industrial applications.

“I am extremely confident that steam or external combustion engines will 
replace many internal combustion engines for vehicles, stationary and portable 
power units,” said Lear, who claims that steam will make the ICE a “collector’s 
item” within 10 years.
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FfT? PrevIous adventures Lear ?IoS1rPOWerplaDts 1S typica! of his ap- 
and technicians have been hired and1’ » 7aS founded’ 150 engineers 
Force Base, has been purchased near RpS 6 tbe former Steld lir 
50^r^k and proving rounds that will bl an exacTS8^^011 of Raceway, 

°Three steLTuX^ tw^ re?® he hOpes
and are in llmlted

tul. and economicat8operating8 o^ke" osene pf0lI"tiM1 free. Quiet. smooth, power- 
^■d require rery iiS

en£”t£?“^ p;odi“i™Ot «<»»

To horsepower out^f aek w'w “more than
techniques to the point where they could prodnoof not developed heat-transfer

Modern techniques, Lear said, have made 40) S CaUy sized rad^tor. 
a anits ~ 

per lninuto a steam engin? rated "a? KM? produeed’ rather than 
f ™ co supply^ heat for 200 averX-sizehLl^ can power a

Eliminating the need for . b?mes> Lear said.
are ignited by onlv one spark plug a °r radiat°r, the steam enginesS?ar Said' Hc said » <XnX“
sxsrM 15 to 20—da * ®

plant°rS’ tW° maid"ed Fn^ST CaTn u W°
plants, one or two highwav patrol vphinioc att ln^Ial atl0n’ 10 buses, two power

P0.<wtlOn •S expected’ Lear Motors said ’ th Nation with practically no 

tity production production in 1970 and quan-
the production of steam units in the next’s to 10^^ blll“?a-dollar industry for 
center of activity. xt 5 t0 10 years with Reno becoming the
to^50 horsepower, theYompany said° horsepower’ 125 to 256 horsepower, and 450 

pistons arranged in triang^jar^form1^!^1168 c°°sists of six cylinders with 12 
132 cubic inches, delivers from Delta’ this engine displacesLear Motors said. 125 t0 700 hor^P<>wer and weigh! 150 pounds!
^O-h^rsepowe^rS^winfa^D^f 80°?^ and has a 7°-to-

18 10 >- homier
Four steam generators, ranging from 200 tn eno v.developed by Lear Motors, the Smpan7ann^un^ have alpo been

generators, it was reported, will be sUghHv fUel consnmPtwn of these
The largest two generators are designed for av^tp^ & comparable diesel engine, designed for both auto and aviation^ willH I! a5d a hne of tensers,

The two cars bein? devpinr^ use, will be available for each engine.
percent torque to the front wheels a^d^Xcent Mth^6 foar'wbeel drive. 40 
powered by steam engines rated fromi th rear wbeels- and will be
plants will be a Delta engine horsepower. One of the power-
is attached to tL'Ynbo^?en^^ braking system that

Zhee?s!he C°mPany ClaimS tekes tbe wei^ht of the brakin^em^^
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Some of the developments derived through the production of the race cars will 
be applied to a Dodge Polara Highway Patrol car for testing by the California 
Highway Patrol, the company reported.

Lear Raceway will include a 2^-mile oval track with a 3,300-foot straightaway 
and will be used for testing the Lear race cars, California Highway Patrol Steam 
Project vehicles and conventional vehicles proposed for future production, Lear 
S&Located 10 miles north of Reno, the raceway will also feature a combination 
landing strip and 3.500-foot-long drag strip. To be constructed at a cost of 
$500,000, the raceway will have a 100-foot-wide infield, a 25-car pit area that will 
be 40 feet wide and 600 feet long and a shop maintenance area that will measure 
300 feet by 600 feet and have a servicing capacity of 100 cars, Lear Motors 
announced. , •Lear’s entries in the Indy 500 would be to demonstrate the reliability, efficiency 
and economy of steam-driven vehicles, he said.

“The United States Auto Club rules for steam vehicles are nonexistent. Lear 
charges, “and the basis on which we are to attempt qualification is so nebulous, 
vague and subject to the whims of the track officials, it makes our chances to race 
questionable.” .

“Unless we can guarantee the US AC we can’t win, it may be foolish to go to the 
‘500’’J ho added.Commenting on the potential speed of his steam-powered racers, Lear asked, 
“Who can tell? How heavy is a driver’s foot?”

He asserted, “Regardless whether we race or not, our Indy 500 duplicate track 
will tell our story to the world. Such a track will provide facilities for other affairs 
of considerable value to Reno and Nevada.”

Reportedly at odds with the major automakers over the development of steam- 
powered vehicles, Lear said his project is being undertaken without federal assist- 

but that he is keeping the government informed of his progress.ance

[From the SAE Journal, December 1968]

Alternative Nonpolluting Power Sources

(By Robert U Ayres, vice president, International Research and Technology 
Corp.)

An urban transportation crisis grips the Nation—its symptoms: 
currently, emissions appear to be the most pressing problem.

E-c Engines Ax Emissions—Steam Prototypes Set for 1969—Current 
Research Into e-c Engines

“Worrying the hell out of Detroit” is how William Lear, Sr., describes his 
present occupation—an overstatement, perhaps, but certainly a reflection of con­
fidence in his current project to develop and market automotive steam engines. 
In an exclusive interview, Lear reveals that 410-horsepower reciprocating vapor 
engine is set to replace the i-c unit in his first conversion, When it takes to the 
road probably in early 1969. Small vapor turbines suitable for use in cars are 
also being laboratory tested, however.

Lest anyone forget, it was with this very same type of confidence that Lear 
boosted his last project—the business jet. The very same type of capital, too— 
for Lear has over $10 million available for investment. This represents the 
largest infusion of funds into the steam section of the engine industry in many 
years.

Lear is not alone, however. Thermodynamic Systems of Newport Beach, 
Calif., is also testing full-size reciprocating and turbine e-c engines with promis­
ing results. Thermo Electron Corp., which recently signed a research agree­
ment with Ford, is operating several small (up to 3-horsepower) reciprocating 
steam systems.

These are the first major efforts to develop an automotive steam engine since 
the Doble fell by the wayside in 1930. In the interim, only the Williams Engine 
Co. produced a significant number of automobile steam engines—all experi­
mental (table 14). In the process, the problems associated with cold starts 
and variable loads have been solved. More important, however, the Williams 
steamcar has shown that steam powerplants are plausible and have low emissions.
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LEAR’S STEAM PROJECT

A 65-pound, 410-horsepower, uniflow reciprocating engine with an integral 
nonslip differential is, according to Lear, the first fruit of his research project. 
The engine, which fits within a 14-inch diameter, 11-inch long cylinder, replaces 
the vehicle’s present differential. The steam generator, regenerator, and condenser 
occupy the forward engine compartment.

The engine’s three crankshafts are arranged at the points of an equilateral tri­
angle. They are driven by 12 pistons mounted in six 2-inch diameter cylinders. 
The three pinions drive a single gear. Main gear speed is 1,000 revolutions per 
minute which is one-third pinion speed.

There is no clutch or transmission. Forward or reverse is selected with a simple 
control. Dynamic braking is available. In fact, the reciprocating engine goes as 
fast backward as it does forward.

The monotube boiler is quite bulky and occupies most of the forward engine 
compartment. Since operating pressure is about 250 pounds per square inch, ordi­
nary steel tubing is presently used. Although no contamination problems have 
been experienced, a noncorroding-type tubing is planned for future systems.

The system is closed and contains the equivalent of 25 pounds of water. Several 
fluids are being tested. Water attains a fairly low 18-percent efficiency—effi­
ciency here is heat in per horsepower out. Freon does considerably better upping 
efficiency to 28 percent. Lear hopes that a proprietary fluid, showing promise in 
the laboratory, will achieve a 40-percent value. When this fluid proves successful, 
the reciprocating engine may be displaced from automobiles by a turbine unit.

The turbine unit, which has a 75-percent mechanical efficiency, is currently pro­
ducing 300 horsepower. Like the reciprocating engine, the turbine is small enough 
(11-inch long, 10-inch diameter) to fit at the rear of the car.

Indeed, both Lear systems are not only compatible with the body shell of exist­
ing vehicles but also with their auxiliary systems. Original heating, air condition­
ing, and power assist systems are powered from the boiler by a small turbine 
which operates even when vehicle is stationary.

Though as voluminous as conventional drivetrains, Lear’s steam systems weigh 
only about 650 pounds. Running costs should be lower than for i-c engines. I-c 
and e-c engines have equal fuel consumption near 60 miles per hour and consider­
able fuel savings are forecast for the latter in city driving. Diesel fuel less addi­
tives will probably be used.

Ken Wallis, who was responsible for Granatelli’s turbine racer and is now 
Lear’s project manager, is pushing to have the first of the prototype steam cars 
on the road in early 1069.

THERMODYNAMIC SYSTEMS

Another company that has expended much effort investigating reciprocating and 
turbine steam engines is Thermodynamic Systems, Inc. Indeed, engines, similar 
to those described below, are reported to have been laboratory tested at up to 
300 horsepower.

A reciprocating steam engine is being touted as a possible alternate power 
source for automobiles, such as the Chevrolet Camaro. The powerplant and the 
boiler install within the existing engine compartment. Although occupying the 
same space as the conventional i-c engine, the boiler-steam engine combination 
weighs considerably less. Vehicle performance is expected to equal or better that 
of the standard model (table 15.) Emissions will be very low, however. Maximum 
limits are: hydrocarbons 100 parts per million, carbon monoxide 1 percent, and 
nitrogen oxides 200 parts per million. Tests indicate that these values may even­
tually be reduced to 50 parts per million, 0.1 percent, and 80 parts per million 
respectively.
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TABLE 15.—SPECIFICATIONS OF PROPOSED CAMARO CONVERSION 

PERFORMANCE PROJECTIONS

Specifications

Gross vehicle weight, pounds
Tire size, rear tires
Rolling radius, inches..
Differential ratio (optional)..........
Steam generator rate, pounds per hour
Steam generator volumetric capacity, cubic'fe'et per hour
Steam pressure, pounds per square inch
Steam temperature, Fahrenheit
Engine water rate (estimated ideal), pounds per hour ’ ’
Engine bore and stroke, inches
Rated engine horsepower, no overload, horsepower

3,000.
6.75 by 15.
13.5.
3.31-1.
1,500.
973.8.
1,000.
750.
10.
2.5 by 2.5.
150.

ENGINEERED PERFORMANCE DATA

Road speed, miles per hour

55_______
30......... ......... ... .................... .........
15............. . .............. . .........
5............... .........................

Engine speed, Engine power, Engine torque, Cylinder Wheel tnrnup 
per°minute h°rSeP°Wer foot-Po3nd’ bmep, pUdT W foot-pound

p '""lute persquareinch

1,927
1,235

617
206

100.4
96.9
90.8
40.0

272
412
772

1,019

265
400
750
990

900 
1,324 
2,445 
3,373

The proposed 6-cylinder, uniflow, double-acting engine outnuts 150 h n nt 9 ana 
S 393’ft ’lb- °f tOrque- efficiency ranges from
The cylinders are arranged cylindrically around the shaft axis and recioroeating 
movement is converted to rotary motion by a cam The resnltino- Horiba • g s derably smaller and lighter than a crank-type “ng™ Lar SoS coXTl 
O ?he design also features: a ball bearing ma" n drive an enXseJ
oil bath transfer case, a rotary valve, and automatic load demand cutoff control

A ^through monotube heat exchanger produces up to 1,500 Ib./hr of 1 OOO- 
Hit leveT temperature is automatically maintained at a near’con-

The combustion system produces hot gases at a uniformly high temoeratnrp 
and at a rate controlled to meet the heat requirements of the boiler The fuel is,With and burned In the MiSin etata
The positive displacement and fuel pumps are driven by the same motor so 
‘J c “'O0'?6.1 ratio is constant. The quantity if hot gaTes prodmS
IS directly proportional to pump motor speed which is regulated bv the temnen 
ture control. Combustion chamber is sized for laminar flow to eliminate th^EX 
generated by turbulent combustion. Kerosene, No. 1 and 2 fuel oil diesel fuel 
gasoline, and even paint thinner can be burned satisfactorily ’ 1 1

&afety controls are included to prevent damage to major system commnpnfs inSySt^ shuts down by closinS tbe f”el ™!ve and vSg the- 
steam to the condenser. Shutdown occurs if the steam is over pressure (ortem

°r 1®w,^at^r level develops. A rupture disk fitted in the generator’s sax1*” to the cxhaust 5011 area if the ~ ^m- 

^be condenser is fitted with a turboelectric fan and a circulating
system with a cooling radiator. Makeup water is treated bv an ion exchange 
cartridge. The original vehicle generator is driven by a small auxiliary steam 
engine even when the large engine is not running. y steam.

TURBINE UNIT

The closed cycle rotating steam system is a much smaller unit than the re 
ciprocating system. A single 18-inch diameter. 18-inch long cylindricalassemblv contains the steam generator, the turbine, and the rotating 'jet condenser Till 
unit, which weighs 75-lb., is hermetically sealed so that water uigete zero Seal 
ing is accomplished by replacing all mechanical joints with welds (A 10 0OO- 
hour maintenance-free life is projected but has yet to be attained ) ’
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Initial proposed use is as a constant r.p.m. source for
r.p.m. is automatically controlled by torque demands and is adjustablefrom 4 wo 
6,000 r.p.m. As in the reciprocating unit, emissions are'e^ loW maximum limit 
being 100 p.p.m. hydrocarbons, 0.1 percent carbon monoxide, 200 p.p.m. mtrog
OXA Jstage turbine with 180-degree buckets and land and groove seals is the drive 

“y, as noted above, 

^team^eneration rate is 1,500 Ib./hr. at 1,000 p.s.i. and 750 F. Testing is 
beTng carried out with steam both at these conditions and at 500 p.s.i. and oOO . 
safety controls are as described.

THERMO ELECTRON

erator development. The engines have been successful and scaled-up versions a

TABLE 16.-THERM0 ELECTRON'S ENGINES

Rated shaft power, horsepower.-------------------  
Shaft speed, revolutions per minute-------------- 
Bore, inches----------------------------------------------- 
Stroke, inches--------------------------------------------  
Number of cylinders—----------------------  
Total displacement, cubic inches------------------  
Type of lubrication------------------- ------ ----------
Design inlet pressure, per square inch... 
Design inlet temperature, degrees Fahrenheit. 
Weight, pounds------------------------------------------  
Overall efficiency, percent---------------------------

35 3
1,800 1,800 3,600
1.063 1.315 1.315
0.500 0.625 0.625

1 1 3
0.445 0. 84 2.52

) (a) (2)
300 700 700
800 800 850
4.6 6.1 17

50-60 55-65 60-70

i Splash.
2 Forced.

26-248—69------ 8
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Figure 12.—Power piston is above the crosshead piston from which it is 
separated by two seals.

A alves are internal and actuated by the movement of the piston (fig. 13). This 
anangement assures that the engine’s friction losses are below those which 
would occur with a cam-driven system having valve stem seals. To exhaust the 
bulk of the steam, the exhaust valve remains open during the return stroke 
Cylinder pressure is then constant and equal to condenser pressure.
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।
POWER STROKE EXHAUST VALVE

3 
RETURN STROKE

4
INLET VALVE 

OPENOPENED

Figure 13.—Valves (shown schematically) are internal and actuated by 
movement of the piston.

Overall engine efficiencies range from 50 to 70 per cent. Typical values for a 
two-thirds horsepower engine are : mechanical efficiency 84.9 percent, thermal 65.6 
percent, and overall 55.7 percent.1

Rapid response to load changes—low thermal inertia—is the primary boiler 
design objective. It is attained with a single-pass tube boiler in which the length 
of boiler tubing and quantity of contained fluid are minimized. A portion of 
tubing lines the combustion chamber wall, the remainder is in a bundle across 
which combustion gases flow. Average overall heat transfer coefficient for the 
tube bundle is 30 British thermal unit/hour F square foot. Only 200 cc, less 
than a tenth of the 3-horsepower engine’s working fluid inventory, is in the 
boiler at a given moment.

A vaporizing-type burner is used since it combines excellent combustion char­
acteristics, good turndown capability, and low maintenance. In the large unit, 
fuel is delivered by a positive displacement pump at a pressure of several hun­
dred pounds and free of cavitation.

The condenser is a compact finned heat exchanger with top and bottom head­
ers joined by vertical tubes.

1 Mechanical efficiency is defined as the ratio of actual shaft work to indicator card work. 
Thermal efficiency is the indicator card work to the ideal work to the release pressure. 
Overall efficiency is the product of the thermal and mechanical efficiencies.
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future work

created h™1"™'and the fuel system becomes more d^^ t » ^al. Control of boiler 
more sophisticated controls and components.L ger Slze’ however, permits output 

use of

WILLIAMS* CAR

"efrom “«■ - - 
built a series of very successful 4 !h®.Past decade and a half, thev have(table 14). A 56-cSfcS^^^^ single-acting, uniflow engines
ger bus, formerly propelled by a 3W cnhi> i™A?^ a ^’^'Pound, 30-passen- lem, neither are emissions 2 evn^Si ^engine. If power is no prob­
and powered by a 43-horsenmvpr iff™ enta Car Wlth 25’°°° miles on the clock 
contained only 20 parts per million h^englDf was tested by Mobil. The exhaust

S>2hKtoch toke ’ 
steam, continuous engine output is 1^0 • ahrenheit superheated
horsepower. Starting torque intermittent peaks of 250steam per horeepowlr-ho5" 1<^ rate^r the <Iuaa«ty of
to be 6 Pounds/horsepower-hour EmrinP difehLf engine efficiency, is claimed 
from 3- to 9-poundwS? and 230’ ?o^ a”d.lem^atnre vary 
announced, the engine features reni^^ respectively. As
block. The poppet valves are stainless steel th > o-«t ine^ in a special steel alloy 
case aluminum A small quantity of a Sfeek and the crank~
ture zone of the steam cylinders for luhHoftinn ls4inj.e^ted into the low tempera- 
expensive, is sufficient for 1,000 mites of d^Mnr’rh?^ °f tbls on’ which is not 
is pressure lubricated with automotive tvne oil iJ thLWer of the engine 

inches long, fills most of the trunk (The WHlffimTh^^^ in diameter’ 31 
boiler could be redesigned and fitted into th?^ brothers maintain that the 
for this work are not a^HaM *) Keroine No f but funds
m the stainless steel combustion chamber F?J S F « eSel fuel is burned 
cally controlled bv temperature and nres™™ tnJ* d ♦ ?ter flows are automati-The Williams- englne“have7hree fea^ horsepower,
fulness; namely : features that do much to increase their use-
the exhaust Sphase anX recompressed a^reSted™* th tbe cylinder after 
the compression ratio of 26.6 r/is greaiAhan the 18 6^ return.stroke- Since 
A th^V^^ Steam temperature is higher than the ioi Fo?X°r tbe 
Although the work done on the rpeomnrf«„i W * of the feed steam,feed steam, a more effifi^VutllSn^^^^^^ the
resorting to a multistage cycle. * e beat content is obtained without
flensed liquid^rmn^he^Hnders ^oTh^Vnrfne Cylinder head drains con- 
alone if necessary. The long wait, mandatory in t^rf \in fC°ld °n water Pressure 
waits are brought up to temperature is thus eradicated steamers> while cylinder 
matteX <" ‘he steam feedHne auto-

exceeds the steam inlet pressure 1 whenever the engine compression

of the

KEEN CAR

Another steamcar of comparable vintage to tho „ -Charles Keen ot Madison, Wls.. In the late vra” tl ■ <’ar.ls ,hat b""‘ br 
eS^’e,ira- 'n'' ' 3 sma" fl™ "“b Patents on ^ra'iZt^^^
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Keen’s engine represents the same state of the art as the Williams’ engines, 
as table 14 shows Its four cylinders are arranged in a 90-degree yee, however. 
Bore is approximately 3% inches, stroke 3% inches. The monotube boiler de­
signed with the aid ofAlex Doble, is a very large 30 inches in diameter, 30 inches 
long. The engine reportedly requires considerable tinkering to make it run.

OTHERS WORKING TOO

Australia doesn’t have an emissions problem so it must be assumed that 
Pritchard Steampower Proprietary, Ltd., of Caulfield, Victoria, was attracted to steam engine "^advantages other than their lack of pollutants. As low-speed 
tJoque 7s just such an advantage, the company’s first engine was installed in 
a Chevrolet 5-ton truck. The double-acting, uniflow, 2-cylinder, JO-degree yee 
engine was capable of a continuous 100-horsepower output with a maximu 
t07n ^ndepmident1 road test indicated performance was quite impressive. The 
7 S^-pound triSwitha 448-pound load accelerated from 0-20 miles per hour• in 
L2 seconds, and 0-30 miles per hour in 9 seconds. With a 40 percent cutoff, tunes 
fnr 10-20 and 10-30 miles per hour were 3 and 6.6 seconds respectively.

Configuration was somewhat unusual. The steam generator was located under 
the hood the engine coupled to the drivetrain between the cab and the truck 
bed There was decided tappet knock around 25 miles per hour, though this, 
it was claimed, could be cured by relatively minor design changes.

Development work is now concentrating on a steamcar, however. A new smaller 
2-cvlinder steam engine, installed in a 1963 Ford Falcon, is being readied for tests. 
Design data are listed in table 14. The engine is again a uniflow, double-acting 

■90 degree vee but cylinder bore is cut to 2% inches and stroke to 2 inches. The 
crankshaft and big end-bearings are roller type. Two distinct seals prevent lea - 
age of water into the crankcase. Cylinder lubrication is by oil injection as in the 
Williams engines. The engine is installed at the rear of the hood space, up 
the firewall. The once-through steam generator which is only 15 inches m garnet 
and 15% inches high, occupies the center of the compartment. The radiat 
^condenser is in the normal location. .Feed pumps and condenser fan are driven by a unique system using an exhaust 
steam positive rotary motor. An electric motor drives the burner fan, fuel pump 
and the mechanical make-and-break system for burner ignition. The engine is able 
^KhieHc^'ln^has converted a Stanley engine to operate using Freon F-ll as 
Hie working fluid and a standard commercial refrigerator condenser. The system 
is being installed in a VW bus for testing. .The Gibbs-Hosick Trust has built three barrel-type rotory-reciprocatingengines. 
Two are full size and should be capable of 1,000 h.p. at 2,000 r.p.m. They have not 
been tested at high speeds, however, due to the lack of a steam generator and 
condenser.

[From Sports Illustrated, Feb. 3, 1969]

Let There Be Steam

This whole thing started, William Lear says, when he died. Literally died ’ 
his heart stopped on the operating table and all the systems inside him began 
slowly ticking to a stop while a team of doctors worked to pump his life back . 
When that crisis was over and he was alive again, he began to look around w it 
a new sense of purpose. He was 66 and retired. He had millions, and all he 
needed was a mission. He had been everywhere and done everything. He naa 
developed a jet airplane that has become the darling of the business world. He 
had inventive talent and one more thing: he was an inspired crapshooter. All 
of which make up the best set of qualifications any man ever needed to go auto- 
111 NaturallySracing could only mean the Indianapolis 500—any man who has 
alreadv died once is just about in the proper emotional shape for that crazy 
American spectacle, where racing’s greatest pressures pile up. And just as 
naturally, not any old racing car would do. There would have to be a big-er 
goal than just the race. A more noble goal. Like how I won the Indy 500. shook 
up the establishment and purified America at the same time. TV ith those thoughts 
in mind, Lear announced last fall in Reno, “I am going to build a steam-
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X tt2^.^UbliCiZe 1 am to build a steam race car. 
f^^ks^^ fun year. Even if the thing-
touched off an epidemic of jitters i^tho stj!aiPcar Project already has 
Indy is still suffering from a massive tet h manufacturing and racing worlds, 
the turbine racers of 1967 and 1968 cars that s^ted^ condItion brought on by rng sounds instead of the honest riatte^of^™^ W1F whispery whoosh- 
That uprising from the ranks was Plstons and things,
size of turbine engines. But hardly has the old oil & °f restricti°us on the when along comes Lear ‘ th 01d m and order been reestablished

L"ws 'i a*
with the first successful business iet • here ho a]rcraft industry and beat it around this rickety old surplus Nevada again’ Prowling restlessly
shamelessly pirating top engineers and draften o b£Se’ y!ost of which he owns, 
ing $300,000 a month. He is bnildteX^XX^
Bulldozers are pushing aside tnmhteJLd6 PLant’ an elaborate machine shop, racetrack. He has a s^tal to make Ms °™ Prt™‘e
city to house all Ms £w XIX' Tnd ? w^ laring out a »'"« 
for them to fish in. (“I think we mteht oai St a model lake
stiid in the first big understatement of 1969 ) ear’ One °f hls draftsnien
a seren? te^i^ ™ at -ap tables of Reno. Mrs. Lear,
day) in a special bank account- her husband Wefe Up tO tbe other 
want to spend it, he just wants to hands it: over- He doesn’taccount?” she says. ‘‘Well thiSt is SotteX heaFd °f mother’s household 
delighted by everything tear does Zt ® ac<\unt.” She is continually 
late Ole Olsen, co-producer with USJ she 1S a daughter of thecalled “Hellzapoppin ” which was the^L^b explosive stage show
that pleases her most is that Tear at rc In ?f’ts day. And now the thing is suddenly springy, dieting anting °at of «>nditiom
the world is as good a goal as any to start with. ’ A d buildlng a Earner to save 
sweater he fanciL^hVVndTfol^ theVcklX PU11°Ver

X - xDenison & Co., Ine. produced a book cal ted “WiliX7 Minneapolis Publisher T. S. 
and Inventor” as part of its Men of Apiiwr Creative DesignerEdgar Hoover, Modern Kn ght Errant’^^ (otber titleS are “J'
“Lyndon B. Johnson, Man of Reason ” TeIXXX Merchant P^nce” : and
fyingly dull biography leaves off. ar S 8tor^ takes up where his stupe-
my heart XpXX^hXXwaXnXXlX^ For a minute or so-
broken arter^near mFbrSn d pressure. Nothing. I had a
bleeding; that’s why they were operating7 repairmg‘ My nose wouldn’t stop 

out of my limousine and this wholething knocked Jeg getting
tata So^ ^^d ^^hing'neXto^inkm^teeth

year this could be. Still Lear cfaim« X ZZ I ldy an ldea ?f what kind of 
never even felt wealthy ”’he savs “What X uni“pressed with wealth. “I’ve 
the better. For instance 1XS nteX IX ™S- 1S, aIte5ing a wa-v of life 
even carry a tune in a handbag Rnt T shnw dismal instrument. Hell, I can’t 
ing the first really fine radio set the MatesfteXi1^ 10Ve f°J musie bF develop- 
ness of 1928; stock went from $10 M P “ZXrst successful busi- 
radios. and vou will note a share. Then I pioneered carmy love of aviatS eJXeTu/X Us So° I ButbeCi”ne L“,r J”C - wMch 1 S

that are still the 
most admired for hls autopilot. In 1950 lt won^e^UeV Award the M^ 
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honor the aircraft industry can bestow. And you’d better believe he’s made a 
dollar or two from his Lear Jet stereo tape deck for cars.

But to Lear neither car radios nor autopilots nor jet planes nor tape decks 
were the big thing. Then he discovered air pollution. The stuff was there all 
along, hanging low and acrid over California, stinging lungs and reddening the 
eyes of millions and being thickened every day. A problem worth tackling.

A workable steam engine, one of Lear’s aides suggested, could change all 
that—a steam engine could be made to emit only a fraction of the noxious fumes 
of conventional engines. Yet, so little research was being done on steam, one 
might suspect that the American automobile industry thought the steamer was 
as dead as the Stanley.

By coincidence, a couple of weeks ago the Justice Department filed anti­
trust charges against the Big Four automakers, charging they have conspired 
for more than a decade to delay development and use of devices to control 
air pollution from automobiles. The Big Four said it was not so and the case 
is headed for the courts. But Lear can’t wait. A steam-powered car, the fas­
cinated Lear believes, could brighten up a nation which ought to have air as 
clean as Reno’s. A steam-powered car could save lives and change the economic 
structure of the country. The man who made it would leave his mark on his­
tory. And that part did it.

If Lear has not made a mark on history just yet, after 4% months of wheel­
ing, his project has etched one on Nevada and sent shock waves out into 
racing and the auto industry. Reno, whose housing style is early trailer camp, 
is already full of engineers looking for expensive homes. More personnel ar­
rive daily. Not long after Lear announced the steam-car project, a delegation 
of executives arrived from American Motors and stalked around his new plant, 
looking over the plans and nodding wisely. Lear offered them the exclusive sales 
rights to the new steam car in exchange for, as he puts it, “certain stock op­
tions.” Lear was clearly pleased with their reaction. “They were flabbergasted,” 
he says. “They admitted it would take Detroit 2, 3 years to get to the point 
where we are now in Nevada. To say the least, they were shook.”

One of the things that shook them, obviously, was not so much that Lear 
has impressive plans and a brigade of impressive people at work in Reno, but 
the fact that he has what businessmen call a proven track record. Years ago 
the aircraft industry laughed when Lear sat down to build an executive jet 
plane—and now there are 223 Lear Jets winging around and many more on 
the way. “Most economic, fastest, highest flying, lowest cost business jet ever 
developed,” says Lear, “and it is doubtful that that record will be altered for 
many years to come.”

What Lear plans this time is a production-line. <$6,000, steam-powered passenger 
car, plus a much more expensive steam-powered limousine—having broken a leg 
getting out of one, Lear has this fixation on limousines—all coming from a new 
$500-million industry just outside Reno. Before going to the market for more, he 
is willing to gamble the first $10 million.

“Here is one guy,” he says, speaking of himself, “who has gathered together 
the greatest group of engineers in the country in what once was known as a gam­
ing town, one guy willing to prove that by gambling $10 million on one roll of the 
dice he can produce a steam engine that will be the world standard of excellence. 
It will at the same time solve the air pollution problem—producing less than 1 
percent of the pollution from internal-combustion engines. Now then. If I do it. 
I will have solved a national community health problem and at the same time 
challenged the largest single industry in America, if not the world.” He pauses and 
wheezes just a bit. “By comparison, Nick the Greek was a piker.”

Perhaps. But the world of auto racing does not care about any of that. Did Nick 
the Greek ever race an Indy 500 car? The world of auto racing has never bothered 
itself much about pollution. And as for the limousine, most Indy drivers prefer 
something a little quicker. What they do care about is that steam-powered race 
car. what it all means and what it might do to them.

Hardly had the word “steamer” come out of Reno than Speedway Superintend­
ent Clarence Cagle and Henry Banks, who is director of competition for the 
U.S. Auto Club, got on a plane and flew to Nevada to look things over. Banks 
seemed enormously pleased to find that, in fact, there was no steam race car. He 
looked all around the old surplus barracks to make sure. “All I saw was drawings 
on the drawing board and no hardware.” he said, “no bits and pieces of a racing 
car. But I do think they have a sincere desire and will attempt to build a car.”
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"n-01 ta’C a srt o' 
be properly competitive with the current piston cars steamcar would

Won ^LT^hV1008’’’ Lear’ and banded them over. 
ear,the’“SAd?o^ with "» vacations on a steam race

^y run the whole play 
the speedway. Not m“? th? who owns
only sanctions and runs it for 1^ ^ulman’s race and the USAC
brighten up the proceedings it seems safe to h2rnH?lman decides a steamcar will 

wX??:?naa“

s^" ™"-
Indr 500 him also—^mre^veiTuian

like^thet^sf^m ’ « « lookedSat
criteta ro£Xn T" ar" ^«n Orting from
boast that it is in th^forefr^ the tUrblnes‘ Thp speedway likes to
cars in favor of the old ones did not do'mwhf1^ Throwing out the new race 
could help restore that forward-thrust air about the nlaee^' A car
Ken Wa^^ta eK .SSSdVthT^vS^ 'art>’fl«« "“«> 
meandered into Indr a few yew^ he ^d S ’ ” "" °.f racIng' Wallls

—?h^
certain annuations hare beet Sed up t0 the ™‘«

IndT anJ’"’a-T- “ni he too busy 
is to build two sfeam ?lee does p,a" “> d“
and mechanics. them to Ind^ Wlth a team of drivers
of™6„fe hu™ fe he racing ostabHshment touches a well
heard all about thelars that did no 118 ^^nd ” he says. “I have
of it is still under a cloud. Rut T also 1-™^- ^.Tace and 1 have heard that all 
designer. He has a following second to nonp nmnnl^ gr^at.ea"ineer ar>d race car 
he already has attracted a "roun to Rono th nt1°^ ™ach’nists and engineers, and 
t It had not started that w^v PWa!Ms w^ meet this challenge.”
Rear to lend him $39,000 to buv a metS ® J 7 Angust and ask^d
down on the yacht.” Eear s2vs “and he bad nnt $2 00°
get a Government contract to d?some rcVarJrwIn

Chief e„gSriwel?”h,m “ m”Ch 1 
rnce cur .to"W Wn"S a,bOard at R™«' thesteam
can only be a wild adrenture R<,n° t0 hrace Itself for what

SSS “ b,sdid look a whole lot like a locomotive with an^ ^e- Renville Steamer, which 
But by 1900-at an ear.y speed wee^la"K
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ESSESSSBSSSS 

have not been resurrected before now 

f^nVteXo^Ouf e^te Ts^K^^^ happens outside

:Boss
ESSSSiSS
Si The boiler will be hooked up to the wheeVln

designed them. Plans are to plunk the boiler up there beside the d , P 
^n^e^ —g with steam engine e&an
output figure of 450 h.p. that Lear has released is being bandied abo it. , 
S dandy with the piston engine people, since they are P™^^!'r “ore horse 
power than that with conventional engines. What they will be nearing 
about is the steamer’s inlet valve effect. ^^ntional ni«ton engines,”“The principal difference between our engines and conventional ]pi. ton eng^ . 
savs a Lear engineer, “is that a steam engine can operate in two> bas c m d , 
power mode and an economy mode. In the economy mode one P^t steam
Itenm into the engine and expands it. In the power mode we can keep the steam 
fnfet valve o^ bit longer and furnish tremendous sudden powerjl
means we could design a steam engine for say, 2o0 h.p.,and if it lp 
instant acceleration we could supply up to a thousand hors p ,, limited

on______ o-ivina the car any dragging speed it needed. It would be umiie 
onlv bv the wheelspin on the track. Another advantage is that a steam engine generates tota?^ at 0 r.p.m. just sitting there. We can store the power in 
the boiler and dump it out all at once if we necd t0- . knilt start and allTint what of that wonderful moment when the race is about to start ana an thS glSmen are called upon to start up? Surely they can't b<-expectedto 
wan for a boiler to get up to pressure “No,” says the engineer. This happens 
in 15 seconds. And not only that, to refall it one just adds fluid—tap water win 
^e^Tco^ Vteoking forward to the screams of anguish certain to come 
fr™ Jhe Indvold guard. Since the steam race car is meant to be a publicity 
device to swing attention to the new steam passenger car
ica the more howls the better. And if the race car actually works that is, 
T par gets it built on time, if it is accepted by the speedway and if it
it should run quietlv and without any noxious exhaust. Thus anyone who com- 
plains about it figures to be lined up against progress and national ^alth 
1 “We’ll have the weight of public opinion behind us, says allis. The 
establishment cannot crv -airplane engine' as they did in the case of the turbines. These Ire Xp”y efficient, safe motors that do not produce any smog or air 
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pollutants. This race car is for the good of mankind—and how can anyone com­
plain against a thing like that?” How, indeed? It has all the makings of a huge, 
motorized mousetrap for the Indy 500. Even if everything goes wrong and Lear 
can't go to Indy, perhaps Indy can come to him. Keeping pace with his block- 
buster-a-day series of developments, a few days ago Lear’s crews began pushing 
sand around just off the old airport runways. It began to look strangely like a 
racetrack in the desert.

"It is,” Lear said. “I am building an exact duplicate of the Indianapolis Speed­
way right here. I mean exact: It will be 2% miles, all blacktopped, all banked 
the same, same curves and straights, same pits—everything. We will start prac­
ticing here March 1 with the steam race cars. And lest this sound too fancy, 
remember that it will be cheaper for us to practice here than to keep running 
back and forth to Indy with the cars and crews. Then, we will go to Indv with 
our shakedown completed.”

Not long ago Lear and Wallis introduced their Nevada crew to a rugged- 
kioking man who studied their drawings a long time. It was the inimitable 
Parnelh .Iones, once a 500 winner, driver of the 1967 turbocar and one of the 
most talented Indy drivers of all time. “Interesting,” Jones said, and he allowed 
as how he would have to take a serious look at the car with an eve to driving if 
they ever got it built. The other steam car, Reno rumor has it, would be driven 
by Jackie Stewart of Formula I fame.

Lear has a couple of other steam irons in the fire as well. There is the great 
ighway patrol car for one. At its last session the California legislature—on 

°; those days when the smog in Sacramento was unbearable—moved to have 
the state patrol study the feasibility of steam cars by trying out some samples. 
After L> years of fighting air pollution and losing, the State was at the “peril 

Wa^ Assemblyman John Francis Foran, a San Francisco Democrat 
'Ve nave 12 million registered vehicles in California now,” he said. “And there 

n P11,111011 by 1980-” Which is a lot of smog. Next thing, General Motors
had offered to provide up to six new car bodies and $20,000 each for anyone 
who wanted to put steam engines into them.

, General Motors figured that nobody could do it and that this offer
would finally put a stop to all this steam-engine nonsense,” says Wallis “So we 
responded right away.”

But Lear’s tack was a bit different, which is typical. No free cars, thanks he 
said, because anyone who accepted the GM plan would have to make his steam 

pub.llc- Instead, when Lear discovered that the patrol had ordered a covey 
of 440-cu-in. Dodge Polaras for 1969 patrolling, he promptly bought a new 
Polara; the crew mocked it up for steam power and then called the patrol back

AL walking on air,” Lear says. “And they indicated that
e re their great white hope now as far as steam cars are concerned. Naturally 

we 11 give them this one without cost.” y
If California will now be patient, Lear says, he will hand over a steam-driven 

patrol car by early spring that will dazzle the world. Then will come the two 
sleek race cars, the production-line passenger car and that luxurious limousine. 
But it is clear that the prospect of the Indy race car intrigues Lear the most 
There is so much publicity attendant on the 500 and he so plainly like the image 
that halrSs^oX^ hiSheSt r°ller' Any°ne Wh° WiU P1Ung With money U^e

Savmg the world does not keep Lear pinned to Reno. A couple of weeks ago 
per®onal Lear Jet east to New York to attend a dinner for Richard 

Nixon. The next morning he tossed his coat on a seat of the jet. warmed up the 
engines lightly and kicked it more or less straight upstairs to 43,000 feet before 
giving the controls to his copilot. Lear likes to fly up or down; just piddling 
along in a straight line does not interest him. He dropped in at Chicago for a 
business lunch and at Wichita, Kans, for a fast tour of the Lear Jet factory 
before flying on to Reno. The next day, just to give some visitors a little feel of 

’unpa™d Indy ^ack- he led a madcap automotive procession in his 
limousine over the ruts and gouges of the course at A. J Foyt speeds

The romance of the adventure has caught up both Lear and Wallis. Lear has 
become a well-known figure about town, a nightly celebrity at the round table at 
the casino in the Holiday Inn, which is where everyone important gathers for a

The ta^le *s really round’it; is a couple of square tables 
pushed together off to one side right next to the ladies room. But the men who 
run Reno are always seen there. Wallis, meanwhile, has been so busy that he 
has not had a haircut m months. He appears all over town in a long curling 
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pageboy vaguely reminiscent of June Allyson when she was playing those Ingenue 
^7he gets them to Indy, Lear would, like to qualify to^no =just 
slightly ahead of the fastest pist0" lik’e to suddenly pump out all that
establishment. Then, in the race, h‘e . th world would take notice andhidden power and beat everyone so badly ^^worrn^ R an
make a rush for his steam passenger ca s. ‘You’re
unfair raee,” Wallis. say£ “it would everymuch, like ear R would

hls

Ford would pay me $25
says. “And then they would tell me * n from the rOund table and strolls The biggest gambler of them all gets up hea y ^ds „ he says “Listen. The 
over to the crap tables to try his lu- . ‘ at Harrah’s Club when it
other night I was standing at the.crap table so ver to me and-just
came my turn to/hoot- TheXh Jm them out on the table. The guy

ssss “ -
[From the Washington Post, Feb. 22, 1969]

Leaded Gasoline Presents Hazards to Health

(By Joshua Lederberg)
Bead tetraethyl (“ethyl”) was introdneed about

additive to gasoline. Shortly thereafter, it was recpublic 
health hazard following the deaths of some tke occupational prob-officials and the oil relining industry YeTnartteleTfrom Sto
lem but left unanswered the question of how lead particles iron 
affect the population. niirh-nerformance auto engines, the

With the increasing demands made by g P Todav about two pounds 
use of lead in gasoline has increased re united States each year. The of lead per capita are blown into the air of the United Mates eu 
levels are highest of course, in such urban centers . paints were restricted, 
tb^teVm^^

of lead

to their
fuel mix to meet antiknock requirements in other ways. amounts compar-

s bM”«^ brain’
the kidneys and other organs ^oeome inv o ^hat the blood of apparently

The situation might be summarized by t^finding «Xs ner billion) of lead.
»“te the ^veis that would be expected if

%n?no^=”c^ 
bT^y'^nM

^te^MeTfor^taSU Common genetic diseases of the red 
cells.
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be safe. Over this lX™the^dn2^ elim'50? P’P’b’ *“ the bIood w°uld 
Thus much more lead would hi™T?1 el™mate excess lead in the urine 
uOO p.p.b. to toxic levels over 800 p.p.b. ° & SOrbed to drive the content from 
cedures Routinely applied to^ew'd^uS^ the S° SmaU tbat if the Pro'
were applied to lead tetra^y^^ D?g Ad^istraSon
enormous lifesaving benefits in comSationapproved unless it carried 
contamination by many industriala<SnV^^ that environmental
scrutinized at least as carefully as new SSs1 C^^Cals to be

has introduced leislltioTfS Gaylord Nelson (Democrat 
Health Hazards Commission with f th?v establishment of a Public these problems. Wltb broad responsibilities for the oversight of
values. But we cai/aff^eve? 12s to nerm? f^°m by destroying other 
positions to dominate our policy without tte and economic
costs of these innovations, and who is pavin- fo?them °UgbtfU1 review of the real

[From the Automotive News, Jan. 13, 1969] 

Problems Ahead on Nitrogen Oxide 

three approaches outlined in gm report to sae 

(By Joseph M. Callahan)
emissions in auto ex^kusTtodiei^ to reduce nitrogen oxide (NOx)

a“4

California cars by 1071 with nutin^M $ laW requiring NOx devices on all 
later. California

19a

PhotochfmicaVmoVHoM’eve? there i?3? beC&USe i<: is one of the reactants in 
^mating the NO?. GM SrcS tbe Value of P^v

PrApn°A r?duee tbe smog in Los Angeles and^ilht * al NOx reduction 
Irof. A. J. Haagen-Smit, head of the might even increase it.

sometimes called the father of photochemi^ a A.lr Resources Board and
mean.a s?10? reduction.1* ‘ mog’ insiste that any NOx reduc-

reaction ofUnttrog^S because it’s formed by the chemical
Most measures that “da“ £ combustion in the engine
unburned hydrocarbons (HO) nmi XL r e® either increase the emission of Performance and economy Jr do Mh “ mOnOxWe (00’’ or deduce JJgiJe 

of making three types of ehMgra ojLtj7nL?2L[°o r°' approac,les consisted 
the air injection system for controlline- °ne Car was equipped with
was equipped with the engine-modifientin? d f ^°ns and C0 and the other

The emissions of each ® r WX ®’"?iting -missions.
running on a Clayton Chassis rtennm™ . rh “tendard way with the ear 
GM Proving Ground in Milford Mleh Driv-abuit3- tests were run at the 
ma.k'n!: carburetor etang^that enrlc^*th^fnn|S fr°m ■*'"’* C"rS -"-'ated nt 

i m“ re 5 to 10 perc“t
»nde„S ap-r* * retarded
reduced the NOx by 85 percent on thj air mjSn Car
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the engine-modification car. The 10-percent carburetor enrichment produced a 
*UBen^ron°^ retarded spark timing usually slows down the ^om-
bustion process and lowers the peak combustion temperature, reducing theNOx.

“However’’ he continued, “enriching the carburetor caused the car to fail 
the 1 ^percent CO limit. Lowering peak temperatures by retarding the sP^rk 
and enriching the mixture would also be expected to lower the thermal efficiency 
^In^rTl^ complete emission control with NOx, at the 340
ppm Tevel on a Ecarpopulation by modification of spark timing and 
carburetion would not be technically feasible. Even partial NOx control by t

-circulating 15 percent

passes through a recycle valve which controls the flow rate and then enters t e 
^hte tn^their required levels, but

inoo’tbof had to ho accepted were unacceptable vehicle driveability, up 
« second loss in Ml-throttle accelera-

‘^‘‘It’amiears^BensonVoiicluded. “that acceptable NOx control to the assumed 
-target level by exhaust recirculation would not be techmcany feasible. Altbongh 
th J npmltips in driveability and fuel economy could be reduced if the quantity of 
exhaust recirculated was reduced, this would apparently result in only partial 
^^third^approach at NOx reduction consisted of combining these techniques by
'irenl'itins 3 to 4 percent of the exhaust and modifying the carburetor, dis- trlbutor"intake manS and rear axle. The result was labeled the NOC (Nunc 

° BenSn S’Sone car met the HC and CO ■'Muirements whilereducing the 
NOx emissions 74 percent. It also passed the drneability test at 40 JJ., but 
had a weak part-throttle response. Although the NOC system reduced the fu - 
throttle octane requirement, it also incurred a 13-percent fuel-economy penalty. 
In addition, driveability problems might arise in subzero weather

Benson concluded, “Extensive development experience is necessary before the 
NOG system could ever be applied to all cars. Some important factors which ha e 
not vet been evaluated with the NOC system are: Compatibility with other 
-engines and other exhaust control systems (particularly at anticipated future 
hydrocarbon and CO levels), carburetor deposit accumulation engine dur^^^^ 
cold weather driveability, hot weather driveability (near 100 F.) and engine 
•oil contamination.”

[From the Automotive News, Feb. 24, 1969]
GM Builds No-Smog Car—But It Has Drawbacks

After several vears of resourceful engineering and the spending of considerable 
funds General Motors has finally done what the industry critics hat e urged a 1 
along—developed a car with an efficient powerplant that emits practically n 
'“called th? GM Stir-Lee L it’s basically a neat little Opel Kadett with a hybrid 
power system consisting of a Stirling engine in the trunk and a lead-battery 

pctric drive unit under the front hood. . , , .., „ .
^tir-Lec I is a fully operational vehicle but, lest someone be misled, its not 

Teally practical because of a number of drawbacks that’ will be mentioned
UThe ^Stirling engine is an external combustion powerplant. Fuel and air are 

burned in one burner or cylinder, without any combustion products 
nower cylinder which employs a completely sealed working gas—hydrogen. The 
Jnine also can use helium, but it has not been perfected for helium operation.

Essentially complete combustion of the fuel is achieved in this engine because 
it continuously burns the diesel fuel, with enough fuel “residence time in the

Therefore "the^ngine gives off virtually no odor and very low emissions. Hydro­
carbons normally amount to about 0.1 gram per mile (compared with the Federal
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talafy bM

powerplants that^ouw'be^e/n”"[“the fron^n^nlthout101! ®Srta^!? electric 
outat^ SSX' Ac‘& Cc mjlr‘'nF <'™ “ Sr'S 
stafkMintteftXnZ^ * Cbarge 14 lead‘acld ^ries
JX“h^ togtrUle tbat
done in the GM Eleetrovair I and the Electrovan ° ‘ AC current- as was 
about MToTse^we/for driVng ta^ “pable 01 Producing
the differential. With two ras^ reduction gears and
a half-ton more than the conventional Kadett 1 WGlgbS Some 3’100 P^nds, about

-■» to 30 miles an hour in io

en^w^ Stirling
hour until the fuel was exhausted At this r°adat about 30 miles an
tai tak.m‘lM “ b°Ur and baTe a range of 150 to W a gta

at toXETr6^ ‘P 40 “‘les because the energy
the engine operating, thZ car has an emul?An C°Uld be Produced. Without 
depending on the speed and acceleration raDge °f 15 to 30 miles>
of i al™e metb0ds
ra™a*dhZ“ “S ^’“lent in
tain because of the double SXn ??S>“Unti P“S1Ve buy and main- 
Then in' lobs PhIUps%^ en3ine.ta «1«.
engine and began researching the Stirling idea en’ Holland’ revived the
lu^cKee^^^ “operatively researched the engine.
andStli-Leel Xaa the retat St‘rlWg “glne wltb an "‘““e Power train

[From the Automotive News, Feb. 10, 1969] 

Truck Industry News

TURBINE ERA DAWNS—DETROIT DIESEL ABOUT TO DELIVER 

(By Ken Kelley)

.rSxM k/*ps in the —expected to dawn. b Ut 2 to 5 years before the turbine era was
man/co^paiies^are4^ turbid The time and
move out of the test stage and begin seilinetnrhi™* V <?e lndustrF will
when Detroit Diesel Engine Division of Gm mX™*1971 became apparent 
begin producing turbines at that time. 1 Motors announced that it will
in the 1973 t^l^sTarea.0118 °D beginning of commercial sales of turbines fell
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Detroit Diesel will sell its turbines to all comers. The division has been

S.vision makes a point of the fact that it set out to design an industrial product 
and has not modified an aircraft turbine (jet engine) fi

division sees manv applications for the product outride t e . * J mdeh as it sells its dieseis in such applications as generation of electricity and 

aSDetro™Diesel sees the turbine supplementing the diesel engine in the power 
field not replacing it, said C. W. Truxell, general manager. .

The turbine has looked like a sure winner in the heavy truck field for 
years There are a number of reasons but the key is one the thought that 
diesel engines which develop more power than those offered today will be 
too big to fit in trucks—and truck operators are calling for more and more 
^Besides relatively high power and small size, turbine appeals include a low 
level of emissions and noise, both of which have become 
portant as regulation of vehicles has grown and operators have becom 
interested in buying trucks which please hard-to-get drivers.

On the two main problem areas on turbines, Detroit Diesel had these point.
tO Fue^consumption: The new turbine will use less fuel than a gasoline 
enX but X?than a diesel. (In short, the turbine will be sold on features 
other than its fuel economy).

Cost: On a system-versus-system basis.a system-versus-system a turbine will cost about -0
percent more than a diesel. The system comparison is used because installa­
tion of a turbine as a truck’s engine calls for certain other changes in t 
truck. For instance, there are no radiator and related cooling system pa
m Detroi^IH^rindicated that the turbine will be sold on the total cost of 
ownership Idea with the comment that-over 200,000 miles of use-the division 
exnects that the costs of a turbine and a diesel will be a standoft.

The division has a number of major tasks to complete before turbine pro­
duction and sales start about 2y2 years hence. An extensive program of fleet 
te In addition, a new turbine factory will be needed. The division has run out 
of space on its land on the western edge of Detroit. Site of the new facility 
^^on^rang^plans call for a series of four basic turbine models from Detroit 
Diesel. Horsepower ratings range up to 2,000.

The initial turbine for truck application will have a horsepower range of 
280-400. (An increase in the air flow in a given turbine model ups the horse- 
power. within limits.) . . oaaThe bulk of the division’s diesel engine sales have been coming m the 
horsepower range and the demand for more power has been mounting.

The Detroit Diesel turbine is the fruit of a turbine development program 
started by GM’s corporate research organization and was assigned to Detroit 
^Kenneth L. Hulsing, divisional director of engineering, said that the product 
makes only limited use of exotic metals, is made with conventional tools and 
that the aim was to produce a rugged engine. It has a cast iron block. _

The turbine, when set up to produce 280 horsepower, develops 57o pound, 
feet of torque with the output shaft turning at 3,000 revolutions per minute. 
The gasifier turbine turns at 36,000 revolutions per minute at full load

This version of the turbine weighs about 1,425 pounds which is about half the 
installed weight of a comparable diesel. . .

The turbine can be equipped with a regenerator—ceramic or stainless she 
gteel_ which cuts fuel consumption. A regenerator is a disk which, in its rotation, 
nicks ud heat from exhaust gas and discharges heat into incoming air.

Two alternate systems are available. One is direct discharge of exhaust gas 
and the second is the use of a recuperator which is a form of heat exchanger 
with no moving parts. Direct discharge is employed when there is a use for the 
turbine’s heat outside of the turbine. It is not a typical truck setup and does 
penalize economy.
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^‘ne which they think 
shafts of the two-shaft turbhm ( An oil System which Hnks thethe gasifier abaft to SeZZ uXe C1UtCh 'S In a ““ 
turbid to ’? “T fuH ‘’^^"-r of the
overspeeding of the power turbine and

The turbine also has WnhJt? reduee fuel consumption, 
diesels from the divisio^ t^^ eS^^

How It Works—
£" De^ D’-l- A variation from other 

shaft and the power turbine shaft toaether l ske,ch which ties the gasifier
System, has a od cXd c utch Z I GM-PQte"’ed Power Transfersensor near the impe^r be actuated by the torque

[From the Wall Street Journal, Jan. 30, 1969] 

Smog-Control Feud

A KNOCK FOR TETRAETHYL LEAD 

(By Charles B. Camp) 
efforts to re^cVauTo^aused^8^ simplify its own
blame for dirty air to gasoline. P ’ ° trying to shift part of the
lead and^talTTnd^ rUn *oo heavy to tetraethyl
more expensive to develop antismog dTvic4 thlTwoul^L^^ harder and 
formulas were changed evices tnan would be the case if the gas

» of its profi.
raise the price of gasoline by 10 percent or moll hT demand would not only 
efficient. Besides disputing the technical validitv of *Ould also make Iess 
oilmen bitterly question their motives. ‘‘They’re hist char^es’
join them on the hot seat,” complains a research exf°r someone to 
company. v executive for one major oil
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'Tougher plans afoot
Carmakers are indeed on the hot seat. For the past several years, they have 

borne the brunt of demands that something be done to reduce the amount of 
pollutants emitted into the air by auto exhaust. State and Federal laws now 
require that automakers equip their cars with two smog-control devices, and 

] plans are afoot to force installation of even more sophisticated gear in the next 
few years. Earlier this month the Justice Department filed an antitrust suit 
charging automakers with conspiracy to delay the introduction of antismog 

. devices.
The indusry claims that the devices now in use have reduced emission of pol­

lutants by as much as 65 percent compared with 1960 models. But it says the 
devices have boosted the cost of making each car by about $35, and it figures 
future standards may raise costs another $100.

Such increases are, of course, passed on to auto buyers in the form of higher 
. car prices. But auto companies nonetheless complain about the effort of develop­
ing and installing the devices.

Ostensibly, the oil industry has been in sympathy with the automakers’ prob­
lems. The two industries have been close allies for years. As Henry Ford II, 
chairman of Ford Motor Co., puts it: “Like flowers and bees, where you find one 
the other is sure to be near.” In fact, automakers and oil companies are teamed 

• up in several expensive studies aimed at finding ways to curb air pollution.
A quiet gathering of data

But the joint studies have yielded few results so far, and automakers are 
. getting impatient. They have been quietly gathering research data on their own 
that strongly indicts gasoline formulas, and there are indications they plan to 
use it to campaign for new antipollution laws and regulations covering fuels. At 
present, there are no such controls.

Part of the data was made public at the annual meeting of the Society of 
Automotive Engineers here this month. One result was an immediate uproar on 
the part of oil companies. Several issued their own research findings—inevitably 
running counter to those of the auto companies—and in one case a subsidiary of 

• Standard Oil Co. (New Jersey) cranked out press releases rebutting a General 
Motors Corp, study hours before it was even presented.

The chief targets of the auto researchers’ attacks, tetraethyl lead and butane, 
are ingredients of practically all gasoline sold in the United States. Lead is added 
to gas in the refining process to make it burn more evenly and to prevent engine 
misfiring, or “knock.” Butane, a highly volatile substance, helps gasoline to 

■ evaporate as it passes through the carburetor; this is necessary because engines 
actuallv burn gasoline in vapor form, not as a liquid.

Researchers for Ford, who have concentrated on tetraethyl lead, contend that 
leaded gas leaves deposits inside auto engines that cause greater emissions ot 

- unburned fuel, a major source of auto-caused smog. The result, Ford researchers 
say, is that engines using leaded gas operate up to 35 percent “dirtier” than ones 

' burning nonleaded gas.
A catalytic complaint

Ford also complains that leaded gas prevents development of an efficient anti- 
fume svstem that would use a catalyst, or chemical reaction agent to destroy 
noxious fumes on their way through the muffler or exhaust pipe. Ford s engineers 
sav leaded gas is “stronger” than the catalyst and would cause it to wear out 
fast necessitating annual replacement at a cost of $20 or so to the car owner.

It is possible, through changes in the refining of gasoline, to make a nonleaded 
gas that has the same antiknock qualities as leaded gas. American Oil Co., a *ub‘ 
sidiary of Standard Oil Co. of Indiana, already markets a nonleaded premium 
s to convert all domestic redneries
to production ot nonleaded gasoline would be prohibitively «pensir<t TheAine i

-can Petroleum Institute estimates the conversion cost at $4.25 billion and says 
refining costs would rise at least 2 cents a gallon. (American Oil currentb c^ar^ 
1 cent to 2 cents a gallon more for its unleaded gas than for comparable leaded 
^Moreover” oil producers claim Ford is wrong in some of its critical r^arch 
findings A study bv Du Pont Co., a maker of tetraethyl lead, shows pollutant 

• emissions of engines using leaded gas are only 7 percent higher than those using 
nonleaded gas—instead of the 35-percent difference reported by Ford. C A Hall, 
research adviser for Ethyl Corp., another tetraethyl lead maker, insists there s
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K?Xh practically Identical regard-
cSXSSX ?“ve — -“w t™. 
that large quantities eva&me !ntV^ so volatile
evaporation problem is great enough that the ? S? • T burned- The 
a pollution-control body has ruledShnt'an?. Alr Resources Board.
California must have devices that will rid?! 19 <0 model cars brought into 
One such device was deveToUJ V "V1‘WSt 80 ’
device, costing $5 to $7, will absorb fnmw th? ? d' ? 011 comPauy says the 
tank. A Federal standard, similar to the Cali?™?*1*6 the eugin^ and fuel 
devices on all 1971 model cars Ct kfornia regulation, will require such
coll? bTrS^ha^ ? Ca—W a*d used—
GM engineers calculated thM fumeVenteri??tV^ c?nteut of gasoline, 
phere could be cut by 12 percent immediate? h? ^nog-prone Los Angeles atmos- line By contrast, it will^^S^ the volatility of gaso-
roadare replaced by ears that have the antif 1™ devices CarS n°W 011 the

that most tell
the way they worked with low-volatility gas. 1 at d °U hlgb'volatllRy gas and 
tion effects S?S?ts mMi^e?^^ statements about the pollu-
their research so farinX^ V°la?ity studi^ Some of
lowered to avoid operating problems for cars may have to be
devices, sources say. 6 equipped with evaporative control
costs by mor?thanta?ent TgaRon^'and perhan^ gas. ,c°Uld increase refinerv 
tor: Butane is in oversupply,“ore.” On« Re­
placing it with more expensive ingredients “At?? "?W0Uld mean re- fey about 15 cents a gallon and butane for aimm???6?61*7 gate’ gasohne sells 
“Needless to say. it pays to get as mimh bi^ One oil researcher,

properly analyze all the results of its studv’nf^™ C?lms that GM didn’t 
fuel Mr. Wade claims that his analysS of^ result? ZS ? ^latility 
SleVwft cars^Tk^us^ idHag’ ^d^Sg

the volatility of their 
‘vs ~ “ —

There’s already evidence that the a?o ? General Motors,
gasoline are catching the ear of the aaenci^?™ .suggestions for changing 
California Air Resources Board says it’s control. The
changes in the composition of gasoline and an P°^lblIity of requiring s^aff “°n’ a°d Welfare — ** age^

Department of California Highway Patrol
Mr. Lynn Sutcliffe, °C) amen^°> Calif., January 20,1969.
Counsel, Senate Commerce Committee
Old Senate Office Building, Washington, D.C.
pleased to enclose a copy of our o'rigimH conversation, I am
to all known and/or interested prospective steam/vn™^1 WblCh was directed 
received five responses to our original request for i ™ gine vend°rs- We 
Kenetics Corp.. Sarasota, Fla.; Thermodynamic P Tllese were from the Calif.; Richard J. Smith and Carl A Pe£s?n of°f NewP°rt Beach! 
Inc., of Reno Nev.; and Mr. Berry W. Foster of Redondo : DJ"nalear.

A review of their proposals indicated thn/iu/ Redondo Beach, Calif.between this department and the proposes. I? v’ew of tM?Ccn°f c“"1.“unl«tlons

'orXtar^Son our origtaal mailing IIet A^eopy
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four resnonses to the restructured request for proposal. They were from the “liar Motors Corp’ Kono, Nev 1
Inc Newport Beach, Calif.; Paxve, Inc., Newport Beach, Calif., and Mr. Benj

the proposals and expect a determina-Uon to be made InS^^ w™ * P^sed “ k«=P “form<i<i
of our progress in this regard, should you be interested.

Should you desire further information, please advise.
Very truly yours, D. S. Luethje,

Supervising Inspector-Special Projects Planning Coordinator.
• ta m -y^'p^

Original Request for Proposal

Dear Sir : The Department of California Highway Patrol, in accordance wit li 
California Assembly Concurrent Resolution No. Ill (copy attached), i • 
ing on a program to equip up to six vehicles with steam powered engines.

offered to participate in this program to the 
extent of furnishing the test vehicles and certain financial support, provided t e 
Department of California Highway Patrol enters into a £rm
n vendor for the installation of the steam power plant in such automobiles.

It has been learned you and/or your organization may have an interest in
SS S'rSE this program,' your interest should be evidenced 

by1 the submission^f a proposal. Such a proposal shall be based upon and re- 
S^Cp^:^ to the meeting of September 1! and the
deadline for submission of proposals.

Very truly yours, H. W. Sullivan, Commissioner.

Assembly Concurrent Resolution No. 111-Relative to the Testing oe Steam- 
Powered Vehicles

Whereas the California Legislature has long recognized the serious and grow- J threat; tc"health? agriculture, and the economy created by motor vebic e 
air pollution and has systematically and C°
threat through legislation and the encouragement of research, and mnjOT11

Whereas recent legislative studies and hearings have indicated that nu deri 
steam engines are characterized by very low emissions, economical operation and 
^whereas th^Deplrtment of the California Highway Patrol has expressed 
an interest and willingness to test operational steam-powered vehicles, provided 
this mav be done at little or no cost or inconvenience to the patrol, and 
thWhereas at least one manufacturer of a steam-powered engine has indicated a 
willingness to submit steam-powered vehicles to the Department of the 'Californ a 
SE Patrol for testing? and for such time as the Department of the Cali­
fornia Highway Patrol may need to make a full appraisal of modern steam cars, 
anwhereas various public and private organizations have expressed an interest 
in underwriting the cost of a program involving the testing and appraisal o 
steam-I»wered vehicle ^ow,^ California, the Senate thereof con-

That the MeSrs rSuS and entourage the Department of the Call- 
S^mghwav Patrol, provided that it may do so at little or no cost or moon- 

fn Hi exnlore all likely possibilities for carrying out testing of steam- venience, to ( ) - 1 t vehicles of the Department of the California
powered engines in . a d operating conditions and requirements for

o) commenc"consideration of the design of an appropriate test 
such vehicles 2 such public and pi.ivate agencies, firms and in-
SmSs as will assist the Department of the California Highway Patrol in 

the intent of this resolution ; and be it furthercarrying out chief Clerk of the Assembly transmit copies of this resolu-
i- BT%^Commi“tonS of the cSitornia Highway Patrol, the Chairman of the 
tion to th? Qommi^si the Administrator of the Health and V elfare Agency.

THe^th, Education and Welfare, and the Secretary of
Transportation.
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Steam-Powered Vehicle Study-Califobnia Assembly Concurrent 
Resolution 111

PROGRAM ELEMENTS

aSS 6 m°nthS &°m date the chassls a"" MS 

oming exhaust emission as may he reouired hv thp < • n

if win^f the testing indicate the vehicle is satisfactory for field usP SSS®--- !»SS& S 

™ SSsSF ~

h ^iv ftve 1969 or 1940 Oldsmobile vehicles (depending on time schedules! 
will he to the original Vendor of the steampowered engine Said vehicles«ill be like the original vehicle described above and shall be miZ wifi. »

aS Pr°vided abo^- The time schedule f?r dSher? 
proposal. °nH Vehlcles sha11 56 indicated by the vendor in response to this 
Band^a^y^0”31 fiVe Vehicles wiU be subjected to the tests indicated in items

GENERAL

1. Based upon the acceptance of the first vehicle the Californio
yii] Pay the vendor selected an amount not to exceed $20,000. This amount 

dpHvo^fh^6 the steampowered engine, the necessary labor and parts required to 
? P°st <*^ry assistance as required b? Rems
tiaCnn S^eClfl5 Reduirements”. Schedule of payment is subject to ne-o-
tiat>on with the Department of the California Highway Patrol

2. Should the additional five vehicles be furnished for equipping of steam 
of California Highway P«rol win pav'np”’

' f0J eacb completed vehicle accepted by the department
3. The department recognizes that, in view of this innovative undertaking 

the required specifications might not be totally fulfilled: however total com' 
phance shall be attempted. Specific items which the vendor believes are ?m 
possible of attainment should be indicated in the response. These items thTn 
may be subject to negotiation with the department. If, in the opinioTof the 
department, the safety and operational capability of the vehicle^ will not be 
adjerseiy affected, the department may waive compliance with such requirement

response to this request for proposal should be framed in such a rnSner 
Highly Pa?rol.an agreement if awepted b^ tb* Department of the CalHSa

SPECIFIC REQUIREMENTS

. R Tb® ™mpleted vehicle must meet all specifications and requirements as 
indicated in annexes A and B insofar as applicable and practicable (Prowsed 
^o13^011’ lf “^cated as provided in item 3, “General” above 1

2. The completed vehicles shall meet all of the applicable motor vehide standards as established by the U.S. Department of Transportation. * 1 f

1 For the purpose of this proposal, “steam noworod onm'na” ____
powered external combustion engine. e means a steam (vapor)
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“4y b"
by8! Tte™SdOT shall provide training tor the officers and others 'offio may be 
working with or evaluating the vehicle, as determined by the

fi The safetv of the power generation unit shall be demonstrated so t e denartoent can be reasonably Assured that damage or injury will not occur 
as a result of failure of the boiler, or of the burner or pressure regulating 
controls Such gages and instruments should be installed in the vehicle to 
provide the operator with advance information as to any impending dange 
in7hTSt Willie the responsibility of the vendor to handle all engine and related 
cogent rost of
thP engine in an operative condition for the period of testing and eyaiuar o . 

Department of the California Highway Patrol is a public agency and £ to rUlsh the California Legislature reports
„nd results of the‘ undertaking. It-should be clearly understood that . m 
reports wSild constitute public documents and thus will be available to the 
STp1o™S1CSUS1 b?rejected if the prospective vendor is unable to provide 
a worS^st^ for exaration by the. department on the
date established for submission of such proposals. Such engine may e ins •

EXS of the program will be held tor those-Inter- 
ested vendors on September 11 at » a.m. J^'isht eswu ven California Hishwav Patrol headquarters at 2611 26th btreet,ence room of the Calif « gh :ay bidders be provided

ln^ “ ■““«”» TSt bC
tne same miuiuui u j mwriting. The questions and answers will be 
made available to all interested bidders. The proceedings of the meeting on Sep­
tember 11 will be tape recorded. Attendance or nonattendance at the meeting will 
have no effect upon the evaluation or selection of the vendor s proposal.

11 Proposals must be received no later than 5 p.m. Pacific daylight time on 
October 9 1968. to be considered. Proposals may be delivered in at -GSth Street Sacramento, Calif., or via mail, with ^stage prepaid add^^ 
the California Highway Patrol. Attention: Inspector D. S. Luethje, Post
Box 898, Sacramento, Calif. 95804.
ANNEX A.—GENERAL DESCRIPTION OF VEHICLE CHASSIS AND BODY 

TO BE EQUIPPED WITH STEAM ENGINE, AUGUST 1968
This specification generally describes a California Highway Patrol type chassis 

And hodv into which an experimental steam engine is to be mounted.
Cenerallv the unit shall have the same and/or similar components as were 

used on the 1967 Oldsmobile (Delmont) California Highway Patrol vehicles 
deHvered to the department with the exception that the engine, transmission, 

the Intent0 of these specifications to describe an automobile chassis and 
hodv to be used inhigh speed highway traffic and law enforcement work. The 
vehicle with steam engine installed, will at times be operated at speeds consi - 
erablv in excess of 100 miles per hour for both short and long durations. It will 
be driven on all types of roads and road surfaces and at altitudes ranging from 
approximately 200 feet below sea level to 10,000 feet above sea level Tempera­
tures to which the vehicle will be exposed will range from approximately minus

£ intended that the manufacturer of the chassis and body in the selection 
of components will use materials and design practices that are the best avail­
able in^the industry for the type of operating conditions to which the completed 
vehicle will be subjected. Driveline, differential, brake, suspension, wheel, tire, 
and other component parts of the vehicle shall be selected to give maximum 

and ?"a^n al! respects meet al! requirements of the 
Federal safety standards and shall meet all requirements of the California 
Vehicle Code.
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item to which^hetenTL appHed^hai?‘exw ShaU mean that the
capacity supplied with standard nroduori^n Ual ^uan«ty» quality, orwithstand unusual strdi^X^ be able t0

BODY

Style • Four-door sedan with center post.
color. Body and wheels, black Ditzler Yn nor onnnpanel and lower portion of both frnnt ri 9?00 or ^“Parable. Roof 

Ditzler No. DQE 8000 or comparab^ S the belt moulding’ white, 
insignia 15 inc™ i/diTm^ Hi^hway Patrol
metal trim intersecting or interferine- with belt moulding without
‘‘^aS
mum of 1 inch of foam Adding iu^elVVphiw^ springs and a mini-
^imilar color of nylon S nylon anKnK S^U. a light «ray or other 
mg material is not desired Front seat mate"al- An VI”yi seat cover- 

' ad“ f°re and 
J* AMA ^"dards.

wheel. ' ’ Wr WCk' MCk handle’ and "'heel wrench to permit changing a 
to oS"ra“[ »’ ^le
chains installed while the vXcle is carrying and ?now tlres and

per hour at all speeds up to 100 ini les per ho I T iJ f?6 within 2 miles
miles per hour. The permanent magnet D fa e be marked up to 120
speedometer shall insure accuracy "throughout deS’?n of the
ambient temperature range of 50° tn 7 ire VnVlte of vehmle and over an increments grater than 2^^ tr hour The not be in
certified speedometer ” e ^ace shall contain the wording
^“in^Xr^^ two lights, .
and space tor the Installation is desirable * gh °n ”‘ar pack,iSe ‘Mt 
wlnfild%<?HfOrnl'‘ Higl,War P“tr°l wl11 lnsta" spotlights, one on each

F?Xdmatl deadener: Required under hood.
, ' Heavy duty rubber or vinyl floor mats front ond rnnr

the rehiele is Sd P CTCnt hood £rom beln» Wed when
electrical system

Pl®mXto T"’"'* -
rear license light, dome liaht henw dntv ~nPanel ’^hts, dual stop and tail lights, battery, 12-volt electrical system nnd\ capacity at 2°-ho™' rate
with not less than 60 amwres’ou?™? alternator-regulator system
be shtoMed to totolmSSa^’e^

CHASSIS

Wheel base: Not less than 122 inches.
Suspensi^n^^Fro^^omiSSiS and b°dy wiU weigh approximately 3,650 pounds 

hearty inclading shock absorbers^to be

P0»da W be mounted



129

Stabilizer bars: To be provided front and rear and to be of at heavy-duty■type.
Differential: Conventional heavy-duty type. Gear ratio to be selected y 

engine manufacturer just prior to chassis being built.
Transmission: To be left out of chassis. Transmission shift lever to be 

provided in steering column.
Drive shaft: Heavy-duty type to be supplied.

WHEELS AND TIRES

Wheels - Shall be 15-inch diameter with 6-inch minimum rim width and shall 
have a safety ridge rolled into rim or otherwise designed
from separating from the wheel in the event of a flat. A total of five wheels 
shall be supplied.

Tire^ Tub^^ 45 by 15, six full ply, nylon cord, low cord angle
for high speed operation, t^2 inch tread depth minimum.

A total of five tires shall be supplied.
BRAKES

Disc brakes (ventilated rotor type) on two front wheels, standard heavy- 
duty drum type on rear with vacuum booster. Heavy-duty lining for police wor .

Parking brake with warning light. O£:
Brake system shall meet brake performance tests of this specification a. de­

tailed under “Performance.”
Axles, spindles, wheel bearings, and hubs: Heavy-duty.

RADIATOR

To be left out of chassis. Radiator support shroud to be installed.
FUEL TANK

Standard for vehicle shall be supplied installed.
GENERAL

All equipment cataloged as standard except engine, transm^on and ra- 
diator, are to be furnished with vehicle whether or not it is listed in t s 
^Th^^eport of sale” for the vehicle chassis and body shall be delivered to 
the California Highway Patrol, 2611 26th Street, Sacramento Cahf.9o^ 
(attention motor transport section), at the time of delivery of the vehicle 
^Wtth^e Engine and transmission out of the chasis the front coil ^^sion 
will be almost fully extended and the vehicle will assume a nose up attitude. 
The necessary action shall therefore be taken to clamp or chain down the front 

prior to shipping the ear so that the vehicle chassis a nd My are 
sitting with the bottom of both lower rocker panels parallel with the ground.

TECHNICAL INFORMATION

The following manuals shall accompany the vehicle at the time of delivery:
1. Service manual covering all the components normally in the year mod 

chassis and body supplied. _ mndAl
2. Parts manual covering all the components normally m the year mo 

chassis and body supplied.
DELIVERY OF CAR

Chassis and body shall be delivered to a designated steam engine manufac­
turer or his designated representative.

1. The specific name and address of vendor to be supplied at a later de
GUARANTEE

The manufacturer delivering the chassis and body shall guarantee that it 
meets the minimum requirements set forth herein and that the vehicle nuvts 
all the requirements of the Federal safety standards and the California Ve­
hicle Code.
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Annex B.-Specifications for Experimental Steam Car
stalled), August 1968 C (W Engine In- 

i
I. engine

™ ^^t^ t̂he directly
preferred that the engine and the generator be^nd™^^*111*1’* Ifc ho^ever, is 

All components must be within the^bLi der the hood” if at all possible 
mounted accessories will be permitted. ° 1)0(17 °r chassis aad no externally

STEAM GENERATOR

”P the amount

Car " “jury “ “ «™Ant 
for generS^vap^ ShaH nOt clog from the deposits of the liquid used

CONDENSER

in the air strel^thaUt’wl^pKrerly and^effi1’ «•“, and so mounted
a UQu.d under an operating

FUEL

stored and dis^nsed from ^^SVstatiom availabIe or that ean be easily

STARTING TIME
It must bo possible to starf

preferred) and ^1"

liquid contamination

thg do not permit contam^nation^/X^ that
The emissions of hydrocarbon? z.o^k operatmg liquid by the lubricants used

air contaminants shall b^ at a°miSm ’ ^-ideS °f Orogen as 
State of California standards. minimum and m any event within.

forward and reverse motion
inhereKe Sha" * P'Wlde<1 80 that ’ehide may be driven either forward or

and not require an undue^SomTof m^ h* relative,5’ simple
Of travel of the vehicle. motion or time delay to change the direction <
placed In reveX“biieth^vlE cannot t» accidentally
pu1^1^ the ^“.ever sMU be used for this

retarder
retarded toX^do^ o? f^ffnedthat it will act as a
descending steep grades ° 1 act as a form °f a brake when.

The means of engaging the retarder function shall be positive and simple.

COLD WEATHER OPERATION

*» fat the vehicle may be 
tive for a period of 1 week with no damaS’tUuE ?utside inopera-
parts, it shall also be possible to park the Sr tJe vanous component
no damage; and the engine shall^ tart inX S 8? in freezing weather with 
normal time period specified ” d ready to get un<ierway within the
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FILTERS

Adequate filters shall be installed to ternate prevent foreign matter that could be detrimental to the system from
passing through.

NOISE LEVEL

The noise level of the-engine, its accessories, and congleted ^ieje^all 
not exceed 86 dbA at 50 feet when tested as prescribed by section 1045, title 13, 
California Administrative Code. II. Chassis

WEIGHT AND BALANCE

The comnleted vehicle with all components installed and the liquid tanks full shaB havTprX weigh? and balance distribution to provide exceptional handling 
XaracteristiSTwhen^riven at a wide range of speeds and through various
maneuvers.

SUSPENSION COMPONENTS

The springs, shock absorbers, and other suspension components shall be 
matchedPfront and rear for the loads they are to carry, and dampen out so as to 
provide superior handling characteristics.

• ROAD CLEARANCE

Shall be comparable to that of an internal combustion engine car and such 
that vehicle can be operated both on and off the normal road surfaces.

DIFFERENTIAL RATIO

The engine manufacturer, if he wishes, may select the differential gear ratio
he desires. III. Body

PASSENGER COMPARTMENT

Both front and back seat passenger areas shall remain relatively unchanged 
from their initial configuration and shall permit the carrying of the normal num- 
hpr of nassenaers in both the front and back seats.

Unusual or high operating temperatures in the passenger compartment will not 
be acceptable.

TRUNK

Adequate room shall be available for the mounting or carrying, at a minimum, 
the following items in the trunk of the vehicle:

Spare tire.1 Soare tire2. Mobile radio transceiver (approximately 21 by 14 by 4 inches).
3. Fire extinguisher (approximately 17 by 10 by 6y2 inches).
4. First aid kit (approximately 11 by 10 by 10 inches).
5 Box of flares (approximately 11 by 11 by 11 inches).

Minor accessories will be permitted in the trunk providing they permit the 
mounting and carrying of the items listed above.

CONTROLS

The speed of the engine shall be controlled by a lever or device similar to an 
accelerator pedal in an internal combustion engine car. Its mounting location 
Sh XdJouate coi^^ in reach of the driver t0 contro1 a11 normal
operating functions of the engine and car.
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INSTRUMENTATION

At; a minimum the following gages and/or warning lights shall be provided • 
provided-neCeSSary f°f Correct and safe °Per»tion of the vehicle shall also be

1. Speedometer.
2. Fuel quantity.
3. Ammeter.
4. Temperature (s).
5. Pressure(s).
6. Water quantity.
7. Oil pressure(s).

PASSENGER COMPARTMENT HEATER

A technique shall be provided so that the passenger compartment heater and 
windshield defroster will operate normally and supply adequate heat for cold 
w eather at all times when the engine is operating.

FILLER OPENINGS, FUEL AND WATER

The filler openings to the fuel and water tanks shall be easily accessible and 
shall be clearly marked as to the liquid that it is permissible to pour or pump into the opening.

It is believed that it would be preferable to have the fuel supply opening at 
the rear outside of the vehicle.

RADIO INTERFERENCE SUPPRESSION

Radio interference suppression or shielding, as necessary, shall be provided to 
minimize radio interference in the 42.18 to 42.72 megahertz range.

IV. Accessories

ACCESSORY ITEMS WHICH WILL BE INSTALLED BY THE CALIFORNIA HIGHWAY PATROL

When the vehicle is received, it is planned to install the following law enforce­
ment accessories, at a minimum, on the body, inside the car, or under the hood • 

1. Push bumper on front of vehicle.
2. Spotlights (two) through A-posts.
3. Mechanical siren under hood.
4. Outside radio speaker under hood.
5. Shotgun in front-seat compartment.
6. Mobile radio transceiver in trunk.
7. Radio head and microphone in driver’s compartment.
8. Fire extinguisher in trunk.
9. First aid kit in trunk.
10. Two rear emergency lights will be mounted on the rear package shelf 

Aote.—The total weight of this equipment will approximate 180 pounds.

ELECTRICAL ENERGY

A 12-volt alternator having a minimum curb idle output of 35 amperes and 
not less than 60 amperes maximum output shall be driven in some manner 
so that a continuous supply of electrical energy flows from it even when the 
vehicle is stopped or standing.

VACUUM

A continuous source of vacuum shall be supplied adequate to operate the disk 
brake vacuum booster anytime the vehicle is placed in operation.

GENERAL

Those other items, if any, normally attached to or propelled bv the engine 
will be included with the vehicle and should be installed.
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V. Performance , -.-7 ■

The completed vehicle shall P-"^
XTln hlZs^^^ work wWch in^uae8 1O"g rU"S °V" ''arl°US
f^es or roads aS operation during all kinds or weather.

PERFORMANCE MINIMUMS

Accleration: 82 miles per hour in
miles Ter hour start with top speed of 125 miles per
^XX^Xlles per hour shall be ot^es^ than^a 3-mile

rorSa distends ! without slacking the speed or making any unusual
adjustments. GRADE-CLIMBING ABILITY

StOnT„y?t It shall be possible, to stop the vehicle and get underway
again without spinning the drive wheels.

WATER, FUEL, AND OIL SUPPLY

The amount ot water-fnel-oll supply carried on 
to permit the vehicle to travelVehicle shall not require periodic maintenance cnecKs ai y 
than an internal combustion engine.

SAFETY FEATURES

^CheT^W^ as necessary to insure that system
S sbJul^^ *

normal service checks on, or standing adjacent to the vehicle nrovided where

Examples are—•
1. Burner fails to cut off.
2. Burner fails to ignite.
3. Excessive pressure.
4. Low water.

DEPENDABILITY

It Haired that the vehicle shall be able to operate a minimum of 75,000 miles 
in 18 months without any major breakdowns or need for major service wor .

VI. Evaluation

While the vehicle is being operated it is planned to evaluate the following fac­
tors which are not necessarily listed in order of importance .

1.

3.
4.
5.
6.

Performance.
Power-to-weight ratio.
Torque.
Acceleration.
Smoothness.
Quietness (noise level).
Fuel consumption (fuel economy).

8. Operating range.
9. Safety.
10. Emissions.
11. Maintenance.
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12. Economy (costs).
13. Overhaul frequency.
14. Dependability.
15. Driveability.
16. Retarder operation.
17. Vinter operation (freezing up of generator, engine, and condenser), 
lo. General operation.
19. Startup time.
20. Pollution of liquid and/or vapor.
21. Reliability.
22. Serviceability.
23. Sensors and controls.
24. Exhaust system.
25. Use of multifuels.
26. Fire danger.
27. “Bulk’’ of engine and related parts.
28. Design and installation ingenuity.

VII. Technical

QUALITY

Quality of workmanship and material going into the engine, vehicle, and other 
abrciS^tand^ b° °f highest level and sha11 compare favorably with 

repair parts

Repair parts shall be reasonably available.

Restructured Request for Proposal

m1®1 V iadicated in “y lettor of October 28, 1968, the department was. 
’./n t?e process of developing a new request for proposal for the 

a Steani 3aPor-P°wered engine in a patrol vehicle for the reasons 
PrOPOSaI has C°mPlCted a’d 1S “>

The department, at the present time, is in a position of onlv being able to 
expend those funds as provided by the General Motors Corp, in certain amounts 
for each unit produced and is generaally committed with reference to time

It. however, recognized that money and time may be of vital concern to' pros­
pective vendors. It also recognized, because of a particular system. each vendor 
may not be able to meet certain of the specifications. Therefore, the request for 
proposal has been restructured to solicit more information and to provide for 
better communication between the prospective vendor and the department

The general agreement may be completed, should you be interested, by merely 
indicating m the first portion thereof the acceptance of each element by filling 
the wording "No exception” in each of the blanks (--------), or should there be an

.the exepption in the blank space provided, crossing out that portion which is being amended.
There is also attached an alternate agreement that solicits your reaction to 

the equipping of a regular patrol vehicle with a steam vapor engine system. This 
agreement begs your proposition. Should you not be interested, do not return the alternate agreement.

t0/^e sec0I?d Portion of the request for proposal, please indicate 
your ability to: (1) comply, (2) partially comply, or (3) not comply, in the 
appropriate space provided after each item. If you are unable to comply or to 
partially comply with the specific item, please attach a statement referencing 
the item number, indicating if this, in your opinion, will affect the system you 
propose or whether this item can be met through an alternative. If an alterna­
tive is provided, please describe. The more information you can provide will give 
us a better picture of your offer and the possibility of a successful joint venture.

For your response to be considered, please submit one copy of the attachment, 
completed as above indicated. Proposals must be received no later than 5 p.m^ 

January 3, 1969. Proposals may be delivered’in 
person at 2611 26th Street, Sacramento, Calif., or via mail with postage prepaid 
addressed to the California Highway Patrol, Attention Inspector D. S Luethie 
Post Ofiice Box 898, Sacramento, Calif. 95804. J ’

Very truly yours,
H. W. Sullivan, Commissioner.
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[From the Automotive News, Feb. 10, 1969]

Two Steam Buses To Be Tested in San Francisco

San Francisco.—Steam buses will be tested here and in the East Bay in a 
new year-long experiment designed to combat smog and to reduce transportation

Assemblyman John Foran, chairman of the Assembiy Transportation Com­
mittee, announced application by the State for a Federal grant of $450,000 to 
pay for the steam engines, installation and costs of development.

Foran said two buses will be provided by the San Francisco Municipal Rail­
way and two by AC Transit of Oakland. The steam engines will be installed in 
these four buses. The two firms will contribute the cost of the buses and the

The grant, if approved, would come from the U.S. Department of Transporta- 
tlO“California’s experiment with six steamcars for the State Highway Patrol,” 
Foran said, “should put us first in line for funds from this department.

[From the Department of Transportation News]

Urban Mass Transportation Administration, Washington, D.C., February 
17, 1969

For the first time in the United States, bus riders in the San Francisco Bay 
Area, in 1970, will be riding buses powered by steam engines.

Under a demonstration project announced jointly today by Secretary ot 
Transportation John A. Volpe and John Francis Foran, chairman of the Assem- 
blv Transportation Committee of the California Legislature, four steam engines— 
more properly known as external combustion engines—will be installed in buses 
operated by the San Francisco Municipal Railroad (MUNI) and the AC Transit 
^Although* the Stanley steamer is now a museum piece, new technology and 
new methods of production are now at a point where it appears that the 
steam engine may, in fact, live up to the potential identified for it years ago. 
This coupled with the dangers of pollution from the internal combustion engine, 
has rekindled interest in the steam engine and in other vapor cycle engines for 
cars buses, and trucks. Congress focused attention on external combustion tech­
nology in hearings held last May before the Subcommittee on Air and Water 
Pollution of the U.S. Senate. These hearings pointed up the attractive features 
of the external combustion engine—its low pollution output, its operating effi­
ciency and trouble-free maintenance. Federal concern about the problems of air 
pollution was underscored last week when Robert H. Finch, Secretary of Hea t , 
Education, and Welfare announced new Federal guidelines for controlling air 
P°In making today’s announcement, Secretary Volpe said: “This project empha­
sizes the Department of Transportation’s desire to coordinate Federal efforts 
with those of leaders in other public sectors and with private business in the 
search for solutions to the problems created by transportation’s impact on the 
environment. It represents a significant first step toward reducing air pollution 
from public transportation.” . . ,

Under the grant, an engine will be selected from among the many which are 
currently being developed. These engines will be fully tested for safety, operating 
efficiency and ease of maintenance, after which they will be put into service on 
a demonstration basis. This 2-year project will be the first in winch I ederal sup- 
nort is provided on a demonstration basis for the development ot external com- 
bastion technology. A consulting firm hired by the State of California will 
monitor the demonstration project, collecting information on cost of operation, 
pollution output, maintenance problems, power, noise, performance, and public 
reThe°demonstration project is supported under DDT's program of research de­
velopment and demonstrations of the Urban Mass Transportation Administra­
tion which is aimed at improving mass transportation in all cities across the 
Nation through the application of new technology. The total cost of the program for S™f estimated at $610,000 of which the Federal share will be $450,000 
The initial Federal grant is for $244,250 to aid in the purchase, installation and
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Francisco
. ,For further information contact Assembly Rules Committee California Lesis 
Jmi?00" S178’ S,ate Caplt01' Sacramento, Calif., 95S14. Project No.J cf£
--’J- -L I ' lo.

[From the Department of Transportation News]

Lrban Mass Transportation Administration, Washington DC 
February, 20, 1969

iti a rme » .. _' . • da^ announced a second award
city maTtSts^-S P Pr°Sra“ f° deTCl°1’ “’-Porting buses tor 
nrinHtranV01116 Sa^di Thei DePartment of Transportation has assigned a high 
1 r>auCh foFnsolutlons to the problems of air pollution.”

Ine City of Dallas will soon see buses powered by an external combustion

Seston o? LTY*^^ * b'“"g d°^ by the Vousht Aeronautics
Man^ay. February i7, Secretary Volpe announced an award to the Cali- 

C.omm^tee °F Transportation for a research and demonstration 
project using steam buses in San Francisco and Oakland, the first departmental 
grant to study the use of external combustion engines in the effort to reduce air 
pollution and improve the quality of urban transportation systems

The Dallas project will cost $464,684 of which the Federal grant from the 
trban Mass Transportation Administration will be $309,789. The Citv of Dallas 
will pay $114 89.) of the project’s cost with the balance to be provided by LTV Aeronautics Division in services. oy m v

Secretary Volpe praised Dallas for its initiative in undertaking the project 
Prior to applying tor a demonstration grant, Dallas retained LTV to study a 
number of external combustion engines.
. LTV selected the freon engine because it reduced difficulties with freezing 
in ’^n startiag’ anf operating at high temperatures ami pressures inherent in many older versions of steam engines.

For further information contact Mr. William Driggs, Dallas Public Transit 
Board, Dallas, Tex. 76602. Project No. TEX-MTD-2.

Washington, D.C., February 28,1969.
Federal Grant Will Aid Dallas Transit To Develop Non-Air-Pollution Study

Dallas, Tex.—The Department of Transportation February 20 awarded the 
Falai? (DTS) a Federal grant of $309,789 from the Urban Mass
Transit Administration to develop non-air-polluting buses for citv mass transit service. *

The announcement was made in Washington by John A. Volpe. Secretary of Transportation. 1 oenetuiy oi
E O. Cartwright. Dallas Transit board chairman, said the board will award 

a subcontract to LTV Aerospace Corp., Dallas, to conduct the experimenta?proL 
ect using a newly developed external combustion propulsion system 1 J

‘‘This evaluation program may well solve the problems of urban air pollution 
and noise from mass transportation sources,” Cartwright said “The system to he 
installed and demonstrated in test buses is lighter than the internal combustion 
engine, virtually does not emit air pollutants and is more economical to operate.”

DTS WILL HEAD PROJECT

The Dallas Transit System will be primarily responsible for carrying out the 
activities of this project. Wilson C. Driggs, general manager of the Dallas Trans t 
System will be the program manager. The subcontractor, LTV \erospace will 
be responsible to him for the successful completion of their contractual tasks

Driggs will assign several of his top maintenance personnel to the uroiem tn’ 
work directly with the research engineers of LTV Aerospace

“During the test, the actual air pollution of the test bus will be measured and 
compared to the conventional transit bus,” Driggs said.
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PROJECT THREEFOLD

The project will be divided into three phases and this initial grant will cover 
only the estimated cost of conducting phase 1 which involves the modification, 
installation and operational check out of the external combustion engine m tv o 
of the test buses.Phase 2 of the program will consist of operating an endurance test, correct op­
erating deficiencies, improvement studies related to the utilization of the external 
combustion engine as a propulsion system and transfer of these systems to two 
modern city buses upon completion of this testing. This transfer of the externa 
combustion engine propulsion system to two modern city buses will prepare these 
vehicles for phase 3. .During phase 3 of the program, the two modern city buses will operate on tne 
routes of the Dallas Transit System and they will be displayed and demonstrated 
to large audiences at special events, such as: the State Fair of Texas, Cotton 
Bowl games, and other special events attended by special transportation, regional 
and city groups.

PROGRESSIVE EVALUATION

The project is so designed that at the conclusion of phase 1 and again at the 
conclusion of phase 2, an evaluation will be made by the program manager to 
determine whether it is feasible to proceed beyond each of these phases, or scav­
enge the program at the conclusion of any phase. .

It is anticipated that if all three phases are carried to a successful conclusion, 
the total project cost will be in the neighborhood of $2 million w ith the Dallas 
Transit System supplying one-third of the cost and the Department of Transput - 
tation supplying two-thirds. .

Dr Walter J Hesse, LTV Aerospace Corp.’s vice president for developmental 
programs at Vought Aeronautics Division, said the basic engine has been under­
going tests in Grand Prairie for several weeks.

USES FREON

“This system uses freon, a safe, nontoxic fluid, instead of water, to generate 
steam ” Dr Hesse said. Freon is used extensively in our homes today in spray 
cans ’refrigerators and air conditioning; so we know it is a safe agent. By 
heating the freon, we generate vapor which enters a modern steam-driven 
engine developing about 125 horsepower. Because this power is applied almost 
directly to the axle, it is equivalent in power to a 200-horsepower internal 
C°Accordh^ the ultimate objective is to provide an evaluation
base which hopefully will lead to substantial improvements in urban mass 
transportation. 

California Legislature.
Assembly Committee on Transportation and Commerce. 

Sacramento, Calif., December 17, 1968.
Mr. Paul L. Sitton, . . .
Administrator, Urban Mass Transportation Administration, 
Department of Transportation, Washington, D.C.

Dear Mr Sitton : A complete application for a steam bus demonstration 
project is enclosed. Everyone concerned with the proposal has worked hard 
on it and all are enthusiastic of its success.

A final transportation study proposal will follow shortly.
Sincerely, John Francis Foran.

Memorandum

To- Paul Sitton, Director, Urban Mass Transportation Administration.
From: Arthur Bolton, director, assembly office of research.
Re: External combustion engine demonstration project.

Exhibit A. Description of Project

1. PROJECT OBJECTIVE

The objective is to demonstrate the complete operational feasibility and 
superiority and public understanding and acceptance of an external-combustion-
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2. SUMMARY OF PROJECT ACTIVITIES 
of™:

^n^^^;r?\^a■cql’,re<, from a "■*»• pa™ *

project will supply a motion picture XeSX

service test period. Test routes will be selected tn rJnvmk IS /month transit 
Kar”-in—-

Project participants, in addition to the applicant will inpinHo au

Data collection, analysis, and reporting having to do with tntni cmcer» 
formance will be carried out by LR & T • similar wrt in th y ^“ 
and patron acceptance and having to do with administrative PUbhC
fiscal, and so forth) will be done bv SAC‘ Z™t£ ™^reporting (progress, quired by pertinent Lte of^^^^ ° °f ReSearCh’ as re'

design of test and evaluation procedures, and coordination SSnT sel®ctl?n’ 
stallation and proving ground operations between the fleet oDerat^ngth°r 1U' 
terns vendor and I.R. & T. The latter part of tho fir«t °P^a>.Ora the sys- 
conduct of the proving ground phase (including validation of*sv^rn^/t \° 
detailed planning for the regular tranit service phase and XS 
public and patron acceptance study plan. The first 9 months of 1070^^ °f 
for the main “test,” that is, operation of th? FCF^ lLJ k ° -11 be used 
service. The final portion of 1970 will be used for reportage* bUSeS regular

In connection with this proposed schedule, both I.R & T and SAC will i-n the extent feasible, coordinate all findings with those provided bv th^SJ ’ • 
Highway Patrol as a result of its six-cruiser test of FCF nnninrdJ tbf California in standard patrol operations. ECE-equipped patrol vehicles
nf^h- prelimi^ry ^asis» the project is estimated to cost approximatelv S610 000 
of which over 25 percent will be sunnlied in a: y ^t>iv,ooo,
by the applicant and the fleet operators. About $150 000 °wnT h^00^^01.18 
procure tour systems, together with 15 montte and*
assistance from the vendor. About $150,000 will be required for ^rnS n.™ 
ment and attitude surveys; $125,000 will be requiriJl for tX^n^ «ge’ 
and other systems engineering services; and $25,000 for producing a evaluatl?n 
ture covering the project history. P ucing a motion pic-
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3. general applicability

The strategy common both to this proposal and to the ECE demonstration 
being conducted by the California Highway Patrol is straightforward : it assumes 
that these two demonstrations, if successful, under the most rigorous °P^ati » 
conditions and engineering scrutiny, will have a powerful impact upon the 
opinion of the American motoring public and upon the J^^ment decisions o 
the massive segment of industry that serves that public. In short, it believes sue 
cess will provide a powerful stimulus to the commercial introduction and wide­
spread use of ECE power systems for car, truck, and bus use in this country, 
with attendant benefits to users and metropolitan communities at large.

4. APPLICANT

The California Legislature is unique both in its philosophy of independent 
policy origination, vis-a-vis the executive branch, and in its practical imple­
mentation of that philosophy, as represented by the most heavily staffed legis 
la^ne^rticSar, the assembly office of research (AOR) was established. to give 
the lower house a long-range, policy planning, and analysis capability, an d 
to make superior research methods accessible to committee chairmen and indi­
vidual members. Over the past few years, the AOR has provided the staff input 
to major legislative innovation and reform, in such areas as mental health, a r 
nollution control, manpower development, and compensatory education.

The office is staffed by a variety of talents and is supported by an extensive 
clerical/library apparatus; the office also has recourse to outside consulting 
assistance as necessary. Senior staff meet routinely with their counterparts in 
the private sector, the university system, and State and local agencies. In 
the recent past, several staff members have been retained as short-term con­
sultants to the legislatures and executive agencies of other States.

With respect to the pending proposal, the AOR, through its principal 
gator, will work closely with the assembly rule committee and the assembly trans­
portation and commerce committee. Formal authorization for this participat o 
bv the principal investigator will be made by the assembly rules committee. 
Tim principal investigator will meet regularly with those persons with whom 
rules committee has contracted for the administration and fiscal managen ent 
of the project and will inform appropriate assembly officials of the progress of 
the project and other related information which may be useful to their legislate e
business. Exhibit B. Project Area

This project will be conducted within the corporate boundaries respectively, 
of the city and county of San Francisco and of the Alameda-Contra Costa 
Transit District. The demonstration vehicles will be operated over specific 
transit routes, selected jointly by the fleet operators and the systems engineering 
consultant to provide a maximum test of the ECE system capabiliy.

As a technology demonstration, the project is believed to have little or■ no 
immediate relevance to comprehensive planning or transoprtation p^^ 
the communities or areas involved. The extreme importance of transportation as 
a metropolitan development issue within California is well known, and it is pos­
sible that a successful demonstration would ultimately influence both the provision of transit service and equipment procurement decisions. The degree 
to which a successful demonstration might lead to widespread use of low- 
emission vehicle power systems is also imponderable at this time. As a Rgis‘ 
latively sponsored test, a successful demontration is likely to have a substantial 
impact on legislative decisionmaking affecting the future development of urban 
mass transportation programs.

Exhibit C. Work Program

1. WORK TO BE DONE

Specifically, four ECE power systems will be procured and installed in transit 
buses supplied by the two fleet operators. Installation will be performed jointly

Will then be subjected to a prolonged 
test and evSSation program. Involving the systems englueering consultantthe 
operators and the vendor. This test and evaluation program will take place in 
two phases. Phase I is the proving ground effort, an obvious necessity, prior to 

26-248—69----- 10
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placing the systems in routine service. In this phase, fleet personnel will become 
familiar with required operating and maintenance requirements, and the systems 
themselves will be tested for basic safety and operational capability: “debugging” 
and general system modification needs will be dealt with during this phase. In 
phase II, the buses will be run in the conventional manner, to the accompaniment 
of detailed observation, by instrumentation and otherwise; similar scrutiny will 
take place during maintenance periods.

During the regular transit service phase, a public attitude and patron accept­
ance study will be conducted, and other public information activities will be car­
ried out to familiarize a wide audience with ECE’s potential. A documentary 
motion picture will be made and made available to DOT for later use. A final 
report will also be prepared.

2. PROJECT ORGANIZATION

(a) The assembly will furnish a principal investigator to provide coordination 
between DOT officials, the assembly rules committee, the assembly transportation 
and commerce committee, and assembly contractors under the terms of the proj­
ect proposal. Subject to the terms of relevant assembly contracts, the principal 
investigator will provide quarterly reports on the project to the assembly and 
to DOT.

(b) Actual project administration and fiscal management will be provided by 
Scientific Analysis Corp. (SAC), a nonprofit firm, which will be contracted with 
by the assembly to provide these services. As noted in (c) and (d) below, SAC 
will subcontract for necessary additional services. SAC will also provide the 
public and patron attitude studies.

(c) International Research & Technology (I.R. & T.), will serve, under sub­
contract to SAC, as the systems engineering consultant for the project, with 
responsibility for system selection, safety validation, technical liaison with the 
vendor, design and conduct of test and evaluation and related engineering 
services.

(d) An engine vendor, selected under request for proposal (RFP) procedures 
designed and submitted by I.R. & T., will be subcontracted with by SAC to pro­
vide and maintain the engines.

(e) A documentary motion picturemaker will be subcontracted with by SAC 
to prepare a motion picture of the entire history of the project.

(f) The fleet operators will provide all transit equipment, personnel, 
maintenance facilities, and services required to carry out the project. Each oper­
ator will also appoint a project manager.

Exhibit D. Data Collection, Analysis, and Reporting

1. TECHNICAL REPORTING

I .R. & T. will be responsible for all technical reporting pertaining to total sys­
tem performance. The results of the test and evaluation program will be pre­
sented so as to qualify for presentation in the SAE proceedings and other profes­
sional journals; special attention will be given to the presentation of findings for 
use in the popular press.

2. PROGRESS AND ADMINISTRATIVE REPORTING

SAC will be responsible for overall progress reporting and for administrative 
and fiscal reporting. SAC will also conduct and present the results of the public 
and patron acceptance study.

3. REPORT TIMING

It is believed that report timing is clearly implied by the schedule previously 
described.

4. CONSULTANT QUALIFICATIONS

SAC has been selected on the basis of the quality of its previous contributions 
to policy planning/analysis investigations carried out by the AOR and the admin­
istration of such studies, its experience and facility in dealing with local govern­
ment officials in California, its low, indirect-cost rate, and because of its special 
competence in the field of public attitude surveys.

I.R. & T. has been selected because Dr. Robert Ayres, an officer in that firm, 
has recently completed the most comprehensive technical investigation of modern 
ECE technology yet done, has the broadest personal and professional knowledge 
of persons and firms active in this area of technology, and because his firm has 
an excellent systems engineering capability.
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IMTA FORM 1 (7-68)

Fnnn approved 
.BudVoroau No. 63-R1070

DEPARTMENT OF TRANSPORTATION 
URBAN MASS TRANSPORTATION ADMINISTRATION

APPLICATION
FOR

MASS TRANSPORTATION DEMONSTRATION GRANT

FOR DOT USE
r«OJlCT ho.

•tctixeo

ASSEMBLY RULES COMMITTEE, CALIFORNIA STATE ASSEMBLY 
State Capitol, Room 3173 
Sacramento, California 95814

2. PROJUT LOCATION retry .r .rU. «r" *• «««« '
SAN FRANCISCO, ALAMEDA and CONTRA COSTA COUNTIES

S. PROJECT DESCRIPTION (Bri'f J.i.ripHo" °f pr°pp>'* pr*>“ I

This project will demonstrate the feasibility of using 
an external combustion engine (ECE) propulsion system 
for powering urban mass transit buses and the superior, y 
of such external combustion engined systems over the 
conventional internal combustion engined system. Basically, 
-this demonstration will be accomplished by installing ECE 
systems in four vehicles to be furnished by the Municipal 
Railway of San Francisco and by the Alameda Contra Costa 
Transit District, pre-testing the systems in non-passenger 
use and then running these buses for nine months in routine 
transit operation, during which time public and patron 
attitude studies will be accomplished, and exhaustive 
engineering tests and evaluation will be conducted on 
pertinent operating characteristics and total system 
performance. In addition, cost-effectiveness comparisons 
will be made between the ECE-eguipped vehicles and 
conventional vehicles operating over the same routes during 
the same time period.

4. FEDERAL GRANT AND ESTIMATED PROJECT COST (fee. UMTA FORM 4)
6. ESTIMATE DURATION OF 

PROJECT fineludinj p"P-

Federal Greet requested « 450,000

Noe-Federal contribution. 160,000

Total estimated project eo«t. . . $ 610,000

24 MWTHS

V^UCANT >™ns THAT THE DATA IN SUPPORT OF AND CONSTITUTING A PART OF THIS APPLICATION ARE TRUE 

AND CORRECT.

CHAIRMAN, ASSEMBLY RULES 
----- rORMITTHK

12/17/68

(TirUJ (D.f)

JOE A. GONSALVES
X-4.
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Fonn Approved 
Bureau No.C3-R1O7O FORM 2 (7/68)

department of transportation 
URBAN MASS TRANSPORTATION ADMINISTRATION

— DEMOtiSTRATIQH PROJECT BUDGET
4 ’ ' L 1 C A N T------------------------------- ----------------------------------------------

haojtcr «o. ----- ----------------

ESTIMATES OURATICh OF M0JECT
24 ____

—-------- S^I£0RNIA state assembly rules committee

l,“E otscairTion

2 benefit, (/r.. ,7

3 [Tn,el (/„. ,eKrJul, f) \

Assembly non— 
cash Contribu-

TSESCNT BUDGE 
“llM V 
rtquett for 

f^yition ' 
( t)

T 
requested 

BUDGET

( »)

3,400
340

APPROVED 
87 HUD

______ (D__

< Other administrative co,t. f/r..

Other hon-^ash-cuntri-b’
-—San Francium Muni ci]

Alameda-Contra Costa

California Air Resoui

6 Conatr

XX 
at

date A)

MX»XHXXXX>W<J 
ions:-------------------

J—Railway—L2J___

------- --------------

2,160
2,100

75,000

j_____________

Transit District 
rces Board (4)

3) 75,000
2,000

_____ ________________ connac t * (identify)

—Steam Engine Supplier (5) --------- -----------
150,000

—

J_Con.alt.nt contract,

.__S£igntificAnalysis Corp. (ad,nin i stra- 
tion, surveys and fiscal) (6]---- iso,000 --------------- -------

-----------221)31.jj£earch & Technology
11 o»» U) ~---------- ~— 125,000

—P°£Hggntary Motion Picture (8)
-----------------— 25,000

-------- -------------

-------------- '«>"» < 100 cpie.) - to be or
9 SUH-TOTAL “ -------------- -

-&^^lL_thro^ -

n total ptoirct budget sheet's.

oduced wi;hin above 

610,000
DOStS.

KEQUES5T: Approval n FoaTE o
610,000

SIGHATURt LT ----------------------

APPROVAL: ■■ud^pE^o.c||GON^AL^St,

Department of Iransnnrt-an n-<_

____

h o^u in Co I um

title

CHAI.RMAN, AS.
3

iEMBLY RULES COMMITTEE
OAT£ of APPROVAL

Transportation Administration, by TITLE —-— ______ _______________

-______________________ Authorized DOT Officia 1
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EXPLANATION OF ITEMS IN UMTA FORM 2

Assembly Non-cash Contribution:
(1) Explained in budget Schedule A.

San
(2)

Francisco Municipal Railway:
See a'tt'ach'ed letter from Mayor Joseph Alioto

A1 ameda Contra-Costa Transit District: 
"pj See attached letter from Alan Bingham

California Air 
(4) Tentative

Resources Board:commitment. Formal resolution will follow

Steam Engine Supplier :This is a tentative figure based on informal 
discussion with steam engine manufacturer an 
with the California Highway Patrol staff 
currently conducting a six car test of steam 
powered cruisers. The amount covers install 
ation, maintenance and personnel as well as the 
actual cost of the engines.

(6) Scientific Analysis Corporation: .
V This figure is based upon discussions between 

Assembly staff and SAC executives. It breaks 
down as follows:

Staff Salaries - 24 rnon ths

Administrative 
Project Director 
Administrative

Secretary
Fiscal Manager

$22,000/yr.

8,OOO/yr. 
15,000/yr.

100%

100%
100%

$44,000

16,000
30,000

Research
Research Associate
Research Ass’t.

@ 15,000/yr.
@ 10,000/yr.
O ROOO/vr.

50%
50%
50%

15,000
10,000
8,000becie tdiy

Fringe benefits @ 12%
$123,000

14,760 
$137,760

Travel $1500/yr
Communications 400/yr
Office Supplies 220/yr
Overhead (rent, lights, 

insurance, etc.) 4,000/yr

•
3,000 

800 
440

8,000 
$150,000
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<?> —Research & Technology.

As the proposal cakes cleL^A^oSld0^^®’ 
With IRST for systems

(8} Documentary Motion Picture•
Ss di—--

PROJECT HO.

DATE OF BUDGET REQUEST

DEPARTMENT OF TRANSPORTATION

URBAN MASS TRANSPORTATION ADMINISTRATION

BUDGET SCHEDULE A - ADMINISTRATIVE EXPENSES

Form approved 
Budget Bureau No. 63-R1G. MA FORM 3 (7/68)

1ST YEAR 2ND YEAR JRO YEAR

20,400 3,400 1,700 1,700

3,400 1,700 1,700

or contract, ao indicate.

TOTAL EMPLOYEE BENEFITS

340 170 170

Indicate baai. for aalar 
tor proration.

Director, Assembly office of 
Research

ANNUAL
SALARY

•ATE
AMOUNT

REQUESTED
IN BUDGET

I TIME
ON

PROJECT

8.5/
yr

determinat iona.

Mr.

NOTE :

BUDGET LISE 1. STAFF SALARIES

POSITION TITLE
DISTRIBUTION BY PROJECT YEAR

SEE ATTACHED PAGE FOR 
DETAILED BREAKDOWN OF 
S.A.C. COSTS: SALARIES, 
TRAVEL AND ADMINISTRA­
TION.

total staff, salaries

Committee for whom he has worked five „ Assembly Rules
none of the detailed administrative tasks ^ieh^56 he WiU Perfo™ 
and because his responsibilities will be ^are contracted to SAC, 
tion of the various elements of the projectbo.lnsure coordina- 
is estimated that no more than one crucial junctures, __needed. e tnan one month each year of his time will be

budget line 2. employee benefits ( , 
n emplorce benefit, paid by applicant are fired b 
Otherwi.e, identify benefit, cohered by tbi. item.

h7 iJh ^leseco^ittee.rU?hey in* lude’T® 10/ 33 established

health plan contribution and an insurance^oXibutfon! h VaCation'

Page 1 of 2 Pages



145

Page 2 of 2 Pages

| abUCET LINE 3. TRAVEL _________________p AMOU
EQUEsW
N BUDGET

DISTRIBUTION BY PROJECT YEAR .__
1ST YEAR 1 2ND YEAR R0 YEAR

DESCRIPTION AHO PURPOSE OP TRAVEL (By C«t»<oriei)

As principal coordinator of the
I project, Mr. Bolton will need to make
I periodic (6—8 times annually) trips to

the San Francisco Bay Area project 
site, 2-3 trips to the vendor's factory, 
and 2-3 trips'to IR&T (in Arlington, 
Virginia) and to DOT in Washington, D.C.

2, 160 1,080 1,080

I TOTAL TRAVEL * 2,160 ‘ 1,080 * 1,080 $

BUDGET LINE 4. OTHER ADMINISTRATIVE COSTS. All otUr .dmt n 1.tIr.t I " ’

.ppHct ..d eU„.d to th. project mo.t b. .p.ci f .c.ll, ido.tH.od below.______________________

the

Other administrative costs include 
Mr. Bolton's secretary ($600/mo. for 

1 2 months and fringe benefits at 10%
or $120), telephone ($150/yr. for 2 
years) , and office supplies and overhead 
($240/yr. for 2 years).

2,100 1,050 1,050

TOTAL OTHER ADMINISTRATIVE COSTS ______________________ ___»2,10C $1,050 » 1,050 |s
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Form approved 
‘Budget Bureau No. 63-R1070

IMTA FORM 4 (7/68)

DEPARTMENT OF TRANSPORTATION

URBAN MASS TRANSPORTATION ADMINISTRATION

BUDGET SCHEDULE B - SOURCE OF FUNDS

PROJECT NO.

RATE OF BUCKET REQUEST

LIN J_________________  SOURCE AMOUNT
I 

t—
(federal Grant

S 450.0002 Non-Federal Contribution
* 160 OOO

J
sower of noh-federal cnNTKiiurion AMOUNT

Applicant's Cash Contribution to Project J
: 4 Applicant's Non-Cash Contribution (identify) 1 8,000

Director, Assembly Office of 
Research, salary and fringe benefits 
for two months, travel and administra­
tive and overhead expenses.

5 Sources Other Than Applicant (Uemif,)
• 152,000

Air Resources Board staff advice 
to transit operators and State Assembly

Transit equipment (4 buses @ 
$25,000), project managers (2 @ $10,000 
/yr. for two years), and driver 
training and loss of bus service time 

—(-$10,000)-,__________________________

2,000

150,000
6 

—
TO!AL FUNDS AVAILABLE (Na., tj„ n> r.„,

610,0007 able when required to mat^p^entr’or'the^edei^T'.Ju *eo™it'ne"h »r th

Hw MLett^r^ 5r°m the chairman of the Assembly Rules 
the Mayor of San Francisco, and the General Manager o

Company are attached. Air Resources Boar 
participation was tentatively pledged by a senior sta 
foLaSd”’ SUbj'Ct “ °?£iCial »h“l
forwarded as soon as it is available.

•t It will be avail-

Oommittee, 
' the 
3 staff 
Ef member 
i will be

California Legislature, 
Assembly Rules Committee, 

Mr. Paul L. Sitton, December 17,1968.
TransporiatiAm^a^lngton^IKff^^^011 Admini,tra,im. Department of 

that, ‘?e State Assembly
urban transportation study ($80 000 nnn Shvote to Participate in the Proposed steam bus d^onstrXn proff^ the

piujecc ($»,ooo noncash assembly contribution).
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We have asked Arthur Bolton, the director of the assembly office of research, 
to appoint appropriate assembly staff to work on the transportation study and to 
act as principal investigator on the demonstration grant.

Both of these projects are fine examples of responsible Federal-State coopera­
tion to meet the challenge of pressing urban problems. I congratulate both you 
and Mr. Foran on arranging this timely opportunity for all of us.

Sincerely,
Joe A. Gonsalves,

Office of the Mayor,
San Francisco, December 12,1968. 

Hon. John Francis Foran,
Member of the Assembly, State Building,
San Francisco, Calif.

Dear Mr. Foran : This is to acknowledge your letter of December 6, 1968, re­
garding the tentative commitment of the urban mass transportation administra­
tion of the Federal Department of Transportation to provide $400,000 to help 
fund a steam-propelled bus demonstration project through the California State 
Assembly.

The Public Utilities Commission of San Francisco has indicated that they 
will participate in the demonstration project by providing two municipal transit 
buses to be run on normal routing in the city for a 9-month period.

In addition, the public utilities commission will provide a noncash contribu­
tion, which includes the two vehicles, maintenance, and personnel, of approx- 
mately $75,000 as required by DOT’S proposal.

As you know, air pollution is one of the constant growing threats to our 
urban environment. San Francisco has been fairly fortunate in escaping this 
threat to date. However, from time to time, there are days in which San Fran­
cisco is plagued with smog conditions. How long we will be able to pollute the 
air is a matter of conjecture among the experts. Any research and development 
that could possibly result in a lessening of air pollution in the urban area 
should be thoroughly investigated. Steam-propelled buses should help.

Based on the outline of the project in your letter of December 6, whereby a 
scientific analysis corporation would contract to provide the bulk of the day-to- 
day administration of the project, and do necessary public attitude surveys 
and oversee the technical testing of the demonstration project, the results 
obtained from such a demonstration could prove beneficial to all of our cities.

The public utilities commission decision to participate is encouragng. I as­
sure you the performance of the steam-propelled buses willl be observed with 
great interest.

Sincerely,
Joseph L. Alioto, Mayor.

Alameda-Contra Costa Transit District,
Office of the General Manager, 

Oakland, Calif., December 12, 1968.
(Attention of Mr. Karsten J. Vieg, research specialist).
Assembly Office of Research,
State of California, State Capitol Building, 
Sacramento, Calif.

Gentlemen : This is to confirm results of a meeting held in my office on Wed­
nesday, December 11, 1968, concerning a proposed application by the Assembly 
Transportation and Commerce Committee, State of California, for a Federal 
grant in the amount of $400,000 from the Department of Transportation to 
demonstrate the feasibility of using a steam engine propulsion system for 
powering urban mass transit buses.

Our executives who were present at the meeting received your suggestion 
that AC transit participate in the testing program with a great deal of 
enthusiasm.

We are aware of the urgent nature of your proposal and, accordingly, have 
taken steps for entire matter to be brought to our board of directors at a meeting 
tentatively scheduled for 4 p.m., Monday. December 23, 1968. Needless to say, 
it will carry my strong recommendation that we participate in the project with 
noncash contributions in an approximate amount of $75,000. in the manner 
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presented to us. You then will be furnished an appropriate document certifying 
to the district’s official participation.

Thank you for affording us the opportunity to consider this matter.
Very truly yours,

Alan L. Bingham.

[Assembly bill No. 356]

CHAPTER 765
An act to add Chapter 5 (commencing with Section 39200) to Part 1 of Division 

26 of the Health and Safety Code, and to add Section 14808.5 to the Govern­
ment Code, relating to low-emission motor vehicles.

[Approved by Governor July 25, 1968. Filed with Secretary of State July 25,1968]

The people of the State of California do enact as follows:
Section 1. Chapter 5 (commencing with Section 39200) is added to Part 1 

of Division 26 of the Health and Safety Code, to read:

Chapter 5. Low-Emission Motor Vehicles

39200. The Legislature finds and declares that emission of pollutants from 
motor vehicles is a major contributor to air pollution within the State of Cali­
fornia and, therefore, declares its policy to encourage the development and 
testing of various types of low-emission motor vehicles, which would contribute 
substantially to achieving a pure and healthy atmosphere for the people of this 
state.

39201. As used in this chapter “low-emission motor vehicle” shall mean a self- 
propelling vehicle which does not have exhaust emissions of more than .5 grams 
per mile of hydrocarbons, 11 grams per mile of carbon monoxide, and .75 grams 
per mile of oxides of nitrogen.

39202. Low-emission motor vehicles shall be submitted to the board for testing 
to determine if such vehicle meets the standards set forth in Section 39201.

39203. After determining that the low-emission motor vehicle meets the stand­
ards prescribed by Section 39201, the Department of General Services in con­
sultation with the board shall determine if the low-emission motor vehicle 
meets all of the following requirements:

(a) Such vehicle can be manufactured in sufficient numbers for the purpose 
of proper evaluation.

(b) Such vehicle meets the performance needs for state vehicles.
(c) The cost of such vehicle does not exceed by more than 100 percent the 

average of state passenger vehicles purchased in the preceding fiscal year
(d) If such vehicle is purchased by the state there would be a sufficient num­

ber of servicing and maintenance outlets.
(e) The average servicing and maintenance costs for a low-emission vehicle 

are comparable to the average servicing and maintenance costs for all other 
state passenger vehicles, but in no event shall the average servicing and mainte­
nance costs for the low-emission vehicle exceed the average costs of servicing 
and maintaining all other state passenger vehicles by more than 50 percent.

39204. If a low-emission motor vehicles meets the requirements of this chapter, 
the state shall, if funds are appropriated for the purpose of purchasing such low- 
emission motor vehicles, purchase, beginning with the next fiscal year, as many 
of such low-emission motor vehicles as the Department of General Services de­
termines are reasonable to meet state needs and which are in accordance with 
manufacturing capability, performance, cost, servicing, and maintenance of such 
vehicles. If a sufficient number of low-emission vehicles are available, the per­
centage of all such vehicles to be purchased in that year shall not be less than 
25 percent of all motor vehicles purchased by the state in the preceding fiscal 
year.

39205. The provisions of this chapter shall not apply to the following vehicles: 
(a) Patrol cars of the Department of the California Highway Patrol.
(b) Any motor vehicle classified as a special-purpose vehicle by the Department 

of General Services.
Sec. 2. Section 14808.5 is added to the Government Code, to read:
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14808.5. All purchases of mot?trhv|“S 39200) ^Pan’l o? DlvMon
with Chapter 5 (commencing with Section 3J-W) oi tart ±

ot the Health
14808.5. Except for motor Section 30200)

and Safety Code, the P£™“™ XPBnd S®y Oode shall govern the pur-

SeS^=^ o, the

He'altMW^^

?S“w£il ^“X,39203' SCC“°n 148081 Shn11
govern the purchase of motor only if Assembly Bill No.

■Sec. 4. Section 3 of this act shall bew^^ p^ Session and in such case
357 is enacted by ^e Legislature at its i^^Reguu^
at the same time as Assembly B • . Section 2 of this act is repealed.14808.5 of the Government Code as added by secuon
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