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THE APPLICATION RATIONALE FOR APPLYING THE REGENERATIVE RANKINE 

CYCLE STEAM ENGINE TO THE MODERN AUTOMOBILE. 

 The regenerative Rankine cycle positive displacement steam engine is ideal for powering 

any road vehicle.  The engine speed/torque output closely matches vehicle demand; sufficient 

torque is generated that most vehicles require no transmission.  This external combustion engine 

needs no pollution control hardware or electronics to provide totally clean combustion when 

burning pure carbon neutral bio fuels.  

 Historically, material limitations have prevented vehicular steam power from receiving the 

advanced development and higher level of operation needed to compete with internal combustion 

engines.  Only in huge powerhouses has the Rankine steam cycle been taken to the highest level of 

efficiency possible with existing materials; working with supercritical pressure of 3400-4400 psi 

and peak superheat temperature of 1400° F.  The commercial availability of better materials 

makes a good reason to reassess the vehicular Rankine cycle steam engine.          

(Definition: Supercritical steam generators commonly used for electrical power generation typically 
operate at, or over, the supercritical pressure of 3206 psi at 706°F.  At such high pressure and 

temperature boiling ceases to occur because the pressure is above the critical point where the bubbles 

form. Supercritical pressure steam generators are classified as “boilers” yet no "boiling" actually 

occurs.) 

   By James Crank and Ken Helmick            1-25-15 

 

INTRODUCTION.   

 In ancient Greece, Heron of Alexandra used the heat from fire to produce work. Since the 16
th

 

Century many working cycles have been invented and used to produce shaft power from heat. 

 The first real steam powered device was invented by Thomas Savery in 1698 to pump water from 

mines in England. This pump had no cylinder and piston; two chambers were sequentially filled with 

steam and then a spray of cold water inside the chambers; the spray condensing the steam and creating a 

vacuum to lift the water.  

 

       

       

http://en.wikipedia.org/wiki/Supercritical_fluid
http://en.wikipedia.org/wiki/Critical_temperature_and_pressure
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 The next major improvement occurred around 1712; Thomas Newcomen’s atmospheric engine 

was similar to Savery’s in that it employed a cold water spray inside the steam filled cylinder, producing 

a vacuum; the difference was Newcomen added a piston for the atmospheric pressure to work against 

rather than the water’s surface.  Both machines contrast with later engines having steam pressure push 

against the piston. Newcomen engines became huge, some with cylinder diameters up to 72 inches. 

Most Newcomen engines removed water from mines by driving long down into the tunnel to operate the 

pumps. Some used a sun and planet gear arrangement to covert the engines reciprocating motion into 

rotary.  

 

 

 

 James Watt made the next major improvement in 1765 when repairing a working Newcomen 

model engine while employed as an instrument maker at the University of Glasgow.   Reasoning that 

extra energy was needed to reheat the cylinder each time it had a condensing spray admitted, Watt added 

a condenser separate from the cylinder into which the cooling water spray was admitted. Moving the 

cold water spray to the condenser improved thermodynamic efficiency because the cylinder now stayed 
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hot without extracting heat from the incoming steam.  While the condenser still maintained the vacuum 

on one side of the piston, Watt replaced the atmospheric pressure pushing the piston with low steam 

pressure (10-20 psi), further increasing power and economy. Use of even higher pressures would have 

further improved efficiency and power but he disapproved, justifiably doubting the safety of the riveted 

wrought iron boilers then in use.  

 

 Richard Trevithick introduced higher pressure (100 psi) around 1799 with others quickly 

following suit, a trend persisting more than 200 years later.  The reciprocating steam engine reached 

what many consider to be the highest efficiency and design excellence in the 20
th

 Century with the 

Skinner compound unaflow engines. 

 However, the Rankine cycle steam engine is but one of a number of power producing heat cycles 

developed, primarily in the 19
th

 Century. The Lenoir, Otto, Clarke, Diesel, Stirling, Ericsson, Miller and 

Brayton are all commercially applied working heat engine cycles. 
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 This paper will discuss the possibilities of applying the modern Rankine cycle steam engine to the 

automobile, interstate trucks, locomotives and others vehicles including military.   It also critically 

reviews political, environmental and fuel source decisions impacting automobile prime movers and 

discusses the alternate vehicle propulsion systems now in use. The writers freely admit bias in these 

viewpoints based on long personal experience with these alternate vehicle power sources.  

Over the last 300 years, steam engines in Europe and America ushered in the Industrial 

Revolution. Initially used from 1712 to drain mines in England, the steam engine has long served 

mankind successfully.  Steam engines powered factories, drove locomotives fueling Western Expansion 

and navigated ships along America’s rivers and coastlines well into the 20
th

 Century. Steam built this 

country and remains the driving force behind over 60% of our electricity production – natural gas, coal 

and nuclear power plants run on massive Rankine cycle steam turbines, as do the U.S. Navy’s nuclear 

submarines and aircraft carriers. 

 Combining recent and dramatic advances in materials and technologies that enable steam engines 

with existing processes such as extensive heat regeneration, high steam pressures and temperatures, 

thorough insulation, direct water mix condensing, high compression combined with minimum clearance 

volume and high expansion ratios have created the potential to make these engines smaller, lighter, more 

powerful and efficient than ever before. Steam engines could again power cars, trucks, busses, trains and 

other forms of modern transportation in ways that are simpler, environmentally cleaner, quieter and less 

reliant on fossil fuels than current practical alternatives.  

 The Rankine working cycle domination of large power generation underscores the cycle’s 

desirability and reliability; developing efficient hardware in small sizes is challenging, however. The 

reader is cautioned not to blame the Rankine cycle itself for the lack of advanced technology hardware; 

but the failure of actual development, production and applications of reliable and commercially available 

systems. Far too often during the Clean Air Car Program and later, overreaching management and 

technically naïve entrepreneurs managed to spectacularly fail with attendant bad publicity casting a 

negative shadow on any advanced Rankine cycle work by others.        

 The reader must first understand the very basic fundamental difference between the internal 

combustion (IC) engines operating under the Otto and Diesel cycles and the external combustion (EC) 

steam engine operating under the Rankine cycle.  

 In the IC engine power is produced by combustion of the fuel inside each cylinder.  The cylinder 

and piston draws in an air/fuel mixture, or only air with directly injected fuel as in modern automotive 

engines and the Diesel engine, compresses the mixture to high pressure at which time it is combusted.  

Power is developed as the high pressure combustion gasses expand by forcing the piston downwards, the 

piston then moves upwards and forces the exhaust gasses from the cylinder. The engine cycle is a self 

contained, cyclic event with varying pressures and temperatures throughout the piston’s power stroke. 

The events are sequential and repeat continuously.                                                                       

Sometimes these events are referred to as Suck-Squish-Pop-Patooie. 

 By contrast, in the Rankine steam engine cycle, the various events are accomplished 

simultaneously and continuously in different locations by specialized hardware.  Fuel is burned at low 

pressure inside the boiler or steam generator.  Water from a feed water supply is raised to high pressure 

by a feed pump and introduced into the boiler (or steam generator) where the heat from fuel combustion 

transforms the feed water into pressurized steam.  This high pressure steam is led to an expander 

(typically a reciprocating engine or turbine) where the pressurized steam expands to a lower pressure 

and gives up energy to turn the drive shaft.  The spent steam then passes into a condenser where it is 

cooled sufficiently to return to water, at which time it is returned to the feed water supply.           

Referred to often as: Squeeze-Bubble-Whoosh-Drip. 
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 The steam generator is the actual power source in the Rankine power cycle, the engine (more 

properly termed ‘expander’ is the converter that transforms that power into mechanical motion.  This is 

analogous to an electric car where the chemical energy stored in the battery is supplied to the motor, 

which converts this energy into shaft power.  Just as regulating the amount of current and amount of 

time the current is supplied controls the electric motor output, expander output is determined by the 

steam pressure and temperature and by the fraction of the power stroke in which steam is admitted to the 

expander.  The percentage of the steam expander stroke at which the steam admission is terminated is 

referred to as the “cutoff.” These controllable properties explain why the Rankine cycle steam engine, 

like the electric motor, produces such large starting torque. The torque of any piston engine is related to 

the BMEP (Brake Mean Effective Pressure), which is the average pressure applied throughout a stroke; 
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great torque can be had at the cost of lowered efficiency by applying full steam generator pressure to the 

expander through the full stroke. The IC engine also transforms pressure into shaft energy but the torque 

is necessarily greatly reduced because the pressure is produced in explosions lasting only milliseconds, 

which decrease in pressure throughout the stroke.  These are two very different operating conditions and 

are described in detail further in this paper. 

 IC engine design principles are highly evolved while small scale Rankine cycle engine design 

has never been optimized to modern competitive levels and is rarely little more than minor detail 

improvements to 19
th

 century technology. Vehicular Rankine net cycle efficiencies ranging from 10% to 

perhaps as high as 18-22% are not competitive with existing IC engine; they are not likely to do so given 

the long hiatus in serious funded development. Except for some private and individual efforts, the 

Rankine cycle vehicle system received no worthwhile development. 

 During this time, large central generating steam plants have benefitted from ongoing 

development and provide extremely efficient and reliable service.  If seriously re-examined and 

developed correctly; within the limits imposed by size, automotive Rankine cycle engines have the 

potential to emulate large steam generating plants by probing the extreme limits of operation to realize 

dramatic dividends in performance and efficiency.  

Experienced steam car engineers know the engine has enormous potential providing it is 

developed along specific improved lines. Among these are proven, respected and knowledgeable people 

in the field, including Robert Edwards, a former fellow engineer from Lockheed-Martin, and George 

Nutz, whose work with steam cycles spans over the last 50 years.                                                         

 One author has owned and driven a 1918 Stanley Steamer and restored his own 1910 White and 

1925 Series E Doble and worked or consulted on nine other Dobles, three Whites and perhaps fifteen 

other steam cars, both old and new. He also designed and built the steam race car that in 1985 at 

Bonneville, Utah first broke the long standing 1906 steam speed record set by the Stanley Rocket at 

Ormond Beach, Florida. He continues an intense interest and study effort with Rankine cycle power 

sources. 

One must also thank the people that have kept steam automobiles in the public eye such as Tom 

Kimmel, the ex President of the Steam Automobile Club of America, Jay Leno and his stunning Big Dog 

Garage web site whose collection of antique steamers this author knows very well and the hundreds of 

steam enthusiasts worldwide who continue to study, build, drive and collect and restore these fascinating 

vehicles.  

                                                                                                                                                    

THE APPLICATION OF THE RANKINE CYCLE TO AUTOMOBILES. 

 The steam powered automobile has existed since the very genesis of that form of transportation.  

At the turn of the 20
th

 Century, steam was the predominant power source; it was well understood and 

accepted worldwide in all sizes and applications including the steam engines that powered factories, 

ships, general industry, locomotives, as well as the early automobiles. It was the only choice if high 

power operation was required; electricity was becoming a serious contender; but not yet up the power 

levels demanded by industry.   

 Internal combustion engines (IC) were cantankerous and unreliable until intense development by 

automobile manufacturers eliminated problems such as the “Armstrong” hand crank starter, crude 

carburation, dip hope and pray lubrication, primitive ignition, low engine efficiency and poor reliability. 

The IC engine soon became the accepted prime mover for vehicles because of demonstrated inherent 

overall net efficiency, manufacturing savings and simplified packaging; steamers were relegated to the 

background excepting a few companies and enthusiasts who refused to abandon the splendid driving 

features steam offered.  This viewpoint still obtains. 
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 The steam powered automobile as it exists now has not benefited to any major degree from 

engineering improvements, technological advances, or the application of many of the new materials 

available since World War II.  Compared to the IC automobile, which receives dependable power from a 

single lump of iron, the steamer is a collection of components strung together with yards of plumbing 

and sometimes requiring time to raise steam rather than simply drive away with the turn of the starter.  

  The dream of a good, modern steam car is still alive and active in the hands of enthusiasts 

worldwide and is an achievable goal that refuses to go away, nor should it.   This can only be done with 

a clean sheet of paper approach, which objectively reviews all areas of Rankine cycle engineering, 

concentrating on resolving very specific problem areas. Most recent modern steam projects have only 

employed Band-Aids and some detail improvements to basically 19th Century technology.  Since these 

technologies work, they are superior to some recently heavily promoted high risk systems that embrace 

technically absurd assumptions.  Legacy steam power systems utilizing antiquated technology and 

materials will not provide the required pollution control, fuel efficiency, simplicity, reliability, power 

density and compactness to enjoy commercial success today. Such systems are best left as most 

interesting hobby subjects to be savored for what they represent; a run in a fine restored vintage Stanley 

or White steam car or a serene cruise in a replica 19th Century steam launch are stately and enjoyable 

connections to a time long past and fondly remembered. 

A few recent attempts have been made to produce a modern, highly efficient Rankine cycle 

engine. Mr. Harry Schoell has compiled previously identified features and operating parameters needed 

to optimize this cycle and founded Cyclone Power Technologies, Inc. to fund and implement those 

desired improvements with experimental hardware and ongoing development.  In the late 1990s and into 

the early 2000s, a research and development spinoff of Volkswagen, Enginion AG, also tackled modern 

steam engine design and produced some very promising results. 

Neither effort has yet produced and successfully marketed a reliable and affordable production 

vehicle system. They remain as only sometimes temporarily working proofs of concept.  

 Most, if not all, of the design features in an advanced engine can be traced to the late 19
th

 and the 

early 20
th

 centuries.  The concepts aren’t new, but incorporating them into a tightly integrated package 

exploiting the best current engineering and materials practice would be a breakthrough.  A most 

important design criterion is to design each component so that the highest practical and obtainable net 

efficiency is realized and the highest power output for the size and weight of the component.   

Such improvements in the small automobile steam engine include: 

1. The Lamont steam generator concept provides the smallest and lightest package for a given 

evaporation rate. The use of this design in place of the usual Doble spiral wound flat coils 

connected in series is highly recommended.  The greatest size reduction is obtained by the use of 

extended surface tubing and with internal grooves to enhance the surface area per linear foot.  

 One commonly used alternate technique is to employ several small tubes in parallel in place of a 

 single larger one like Doble, White and other monotube steam generators used and many have 

 taken this route and met with failure. This is fraught with extreme peril as it drastically reduces 

 the vital thermal hysteresis cushion, as amateur designers usually have no idea how to control   

 even a  simple monotube, let alone several in parallel. The control system now becomes a most 

 serious and involved problem and frequent superheater burnouts are common. Multi parallel 

 circuits have been successfully used; but only when the designer fully understands the control 

 system needs during the wildly varying load conditions found in the steam car.                  

 Written guidance for the designer on these types of steam generators is close to being impossible 

 to find, as is full and experienced knowledge on the basics of monotube generator control. 
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2. The use of pressurized combustion will enhance the heat release of the burner. This was 

commonly done in the Doble steam cars by employing an exhaust steam driven turbine in unit 

with the burner air blower and electric drive motor; functionally the same as a gas car 

turbocharger. With the Doble cars, the electric motor alone delivered around 3”-4” draft, while 

when the car was delivering the maximum power the draft pressure rises to 19”-22” pressure. 

The net result is the draft booster could double the firing rate of the burner and thus the 

evaporation rate of the steam generator. The Lamont steam generator lends itself particularly 

well to this intense firing rate, because the coil surrounding the fire is full of only water moving 

at a high velocity and not steam. The heat transfer rate with safety is greatly enhanced.  

3. The main goal of any vehicle steam expander is to wring the maximum power out of as little 

steam as possible.  A common fallacy is to shorten the cutoff to the extreme in order to provide 

what is hoped to be the greatest expansion in the cylinder. Unfortunately this produces a very 

jerky torque curve and a rough running engine until speed is built up or more cylinders are 

added. Ultra short cutoff especially in high engine speeds generates severe stress on the entire 

valve gear, often leading to mechanical failure and uncertain inlet timing. This problem will be 

addressed later in this paper.                                                                                                              

To fully understand what is going on inside the cylinder, a technique called generating the PV 

diagram is used. During testing, steam expansion in the cylinders is measured by pressure 

transducers communicating with an oscilloscope, computer screen or chart recorder; the resulting 

display is referred to as the PV or pressure-volume diagram.  This curve is stretched out when a 

second low pressure cylinder further expands the steam down to a partial vacuum, displaying a 

greater use of the expanding steam to create shaft horsepower.  This compounding refers to the 

practice of partially expanding incoming boiler steam first in a smaller high pressure cylinder 

and then transferring that steam to a much larger low pressure cylinder to complete the 

expansion. The theoretical advantages of compounding are self-evident but not always easily 

implemented. Providing such a large expansion ratio practically seems to come down to 

employing the previously mentioned, larger LP cylinder or through the use of a power recovery 

turbine. This is a technology researched by the authors and presents a realistic solution to using 

ultra short cutoff, or a larger cylinder with those disadvantages, by employing a turbine to 

perform the final expansion, as explained below.     

One frequently encountered discussion amongst steam vehicle engineers is for this use of 

compounding to simulate the effect of extremely short cutoff. This practice is common in large 

steam turbines where the steam may be expanded in literally dozens of sequentially lower 

pressure, higher volume ‘stages’.  The friction of a piston in a cylinder prohibits such large 

expansion ratios in a reciprocating engine although later steam engine development led to triple 

and quadruple expansion designs, principally in marine and huge industrial engines.    

The use of a larger displacement cylinder after the high pressure cylinder is a technology almost 

as old as the steam engine itself and was used extensively to increase the efficiency of the 

engines. Under ideal conditions the steam leaving the high pressure cylinder (HP) will be of 

adequate pressure and temperature to allow the low pressure cylinder (LP) to produce exactly the 

same amount of power.  When this happens, the torque impulses from both cylinders are 

identical and the crankshaft power delivery is uniform (or balanced) throughout the revolution; 

this only occurs when the combination of incoming steam temperature and pressure is such that 

the HP and LP cylinder cutoff and clearance volumes produce equal output.  Two cylinder 

compound vehicle engines trend to unbalanced torque impulses and rougher operation because 

the cutoff is usually varied identically for each cylinder when, in fact, the two cutoffs should be 

adjusted separately so as to keep them running in unison.  This means some mechanism is 

necessary to alter the HP and LP intake valve timings independently and continuously as the 
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throttle changes the steam pressure to the expander and as the load is changing. Only one steam 

car is known that had this feature, the 1903 Lamplough-Albany from England. This torque 

unbalance is not a major defect; but it can be detected in both the Doble and the White 

compound steam cars.   

Such unbalance can lead to crankshaft harmonics and stresses that can undermine the powertrain 

longevity over time; this should be countered if advanced steam engines are to compete with 

modern IC competitors.  The noted cracks in many Series E Doble crankshafts may be partially 

blamed on this uneven torque output stress over time. When redesigning the Doble crankcase 

assembly, drastic steps were taken to eliminate this condition, plus correcting other design faults 

in the original engines. The White engines do not suffer failure from this stress induced 

condition, the 1909 and 1910 engine crankshafts are extremely robust one piece forgings.  

Steam should be expanded down to just above the point where the falling combination of 

temperature and pressure causes the steam to condense.  Reheating the steam travelling between 

compound engine expansion stages maintains the temperature enough to prevent condensation 

until the pressure drops to its lowest usable point.  Similar reheating in automotive steam engines 

is not considered to be practical.  Flow friction losses and heat losses are well noted.                

Massive power house turbines have relatively little friction compared to reciprocating expanders 

and effectively extract work from steam almost down to a perfect vacuum; giving them 

enormous efficiency. These turbines may employ up to 14 stages of reheat to maximize thermal 

efficiency and to prevent the erosion caused by water droplets impinging on blades travelling at 

sonic speeds.  

Power recovery steam and gas turbines are not new; the center propeller of the RMS TITANIC 

was powered by a single massive low pressure turbine deriving its steam from the two higher 

pressure reciprocating steam engines used to drive the two outboard propellers. During WW-II, 

many aircraft engines from Rolls-Royce, Napier, Curtis-Wright, Lycoming and others added 

geared gas turbines to increase the net horsepower and improve efficiency.  Most commonly 

these were impulse and reaction gas turbines. With very rare exceptions the radial inflow turbine 

was not used; but they were used in the first early gas turbine developments.   

Government intrusion in mandating greatly increased automotive fuel mileage has led 

manufacturers to add turbochargers to small displacement engines.  The smaller engines now 

cruise closer to their natural output and thus get better economy while the turbochargers allow 

them to produce greater peak horsepower so as to provide the same level of performance once 

produced by larger engines.  This is an area where caution is advised because outcomes can be 

widely divergent depending on a number of variables including builder expertise and operator 

habits.  One of the authors owns such a car and both the performance and economy greatly 

exceed that of similar cars he previously owned. On the other hand, such systems are more costly 

and require more careful maintenance, more advanced alloys, heavier internal engine 

construction and more precise engine control systems.  Without careful control of boost 

pressures, “turbos” have on occasion caused the street to be littered with flying engine parts; 

fortunately this is now far more common with do-it-yourself installations than in production 

models where the turbocharger controls regulate boost carefully and the engine has been 

specially designed and fabricated to accept the greater torque the turbocharger adds to the engine. 

While turbochargers are a common fitting on today’s automobiles, caution is still recommended. 

The modern Diesel engine is universally fitted with a turbocharger.  

             Both the impulse and reaction turbines first used in IC engine power recovery were miniaturized 

versions of the stages used in large steam powerhouses and ships.  They were never originally 

developed for the relatively small power output to be found in the exhaust of automobiles, trucks 
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or even piston engine bombers. As such they were relatively hard and expensive to make, 

relatively inefficient when scaled down and worked best across a narrow range of speeds and 

pressures such as you find in power plants and not in motor vehicles.  This led to a period of 

intensive turbocharger development, which resulted in the development and mass adoption of the 

radial inflow turbine fitted with variable inlet nozzles.  Strangely enough, this technology has 

been around for quite a while, the Francis radial inflow water turbine still is the most commonly 

used means of driving the generators in hydroelectric dams.   

Applied to gas turbines, the radial inflow is almost the opposite of impulse and reaction stages; it 

does not scale up very gracefully and above a certain size becomes more bulky, heavy, 

expensive, subject to thermal stresses and inefficient than its competitors.  Applied to 

turbochargers it offered ruggedness, high efficiency and low cost production.  The radial outflow 

supercharger blower is an old race car technology that both Harry Miller and Fred Duesenberg 

used to win scores of races. Later they were used on many classic production cars such as models 

of the Auburn, Cord, Duesenberg, Graham and, on into somewhat more modern times, the 

Paxton-McCullogh centrifical supercharger.   

The rotor is a greatly simplified machined forging, die casting, or CNC machined wheel with 

integral blades. The blade shape determines both the expansion ratio and the mass flow 

capability of such a turbine; some have been built with expansion ratios of 20-1. Turbochargers 

now incorporate a ring of variable nozzles surrounding the turbine wheel, optimizing output and 

efficiency by keeping the gas velocity impinging on the turbine blades as high as possible at all 

main engine speeds and also to provide quick a quick spin up to full speed operation. They also 

eliminate the windage losses seen in impulse turbines with only a few nozzles open, where the 

rest are creating drag just spinning in the exhaust steam.   

One unresolved, but fascinating, question is to decide whether this power recovery turbine 

should  be geared to the main expander crankshaft or be separated to help drive the auxiliary 

loads. This resolution depends on a most careful analysis of the varying loads of the other 

components like the combustion air blower, water radiator fan, alternator, power steering pump, 

brake booster pump, steam generator water feed pump, air conditioning compressor and others.  

The potential exists to divert some steam around the reciprocating engine and deliver it directly 

to the recovery turbine, this could assist driving auxiliary loads when the reciprocating engine is 

running too light loaded in the unattached turbine or to provide an extra burst of power for the 

directly attached unit. There may be no single best answer, a most complex energy balance study 

and power vs. speed analysis must be done for the particular vehicle use along with an 

examination of cost, maintenance and packaging. 

The use of a radial inflow power recovery turbine in place of a larger second cylinder yields a 

much smaller and lighter assembly, greatly reduced frictional loss, perfect balance, higher 

expansion ratio for compounding over a wider rpm range and the potential of either gearing it to 

the main expander or employing it separately as a power source for driving the auxiliary loads. 

Radial inflow turbine power recovery need not always supply anything like half the total power, 

and it may certainly vary. The low pressure cylinder or power recovery turbine expands the 

steam further and operates at lower average pressure, particularly when exhausting into a 

vacuum.   The use of a radial inflow power recovery turbine is highly recommended when 

compounding is desired.  

4. Resolve the problems associated with the use of injected cylinder oil and water contamination of 

crankcase lubricants.  The ideal solution would be that proposed by both Cyclone and Enginion, 

to use the working fluid for lubrication of the piston rings, thereby removing the upper 

temperature limits imposed by oil decomposing into carbon.  The principal difference between 
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the two proposals is that Cyclone advocates water lubrication while Enginion concentrated on 

using steam.  System efficiency would be greatly improved by allowing use of steam heated to 

the practical working limits of the materials in the steam generator and expander, between 1000° 

and 1200° F, rather than the more typical oil limited temperatures of 650-750°F.                         If 

water lubrication isn’t practical, the upper end of each cylinder can possibly be water cooled in 

the manner Abner Doble experimented with and proposed in his Greyhound bus system and in 

the early 1950s with his Super Ultimax design for the McCullogh car project to limit cylinder 

wall temperatures and limit thermal decomposition of the oil.  Superheated steam is not a 

particularly good thermal conductor compared to water and the heat losses are manageable, 

especially since boiler feed water is used for cooling and the lost heat is returned to the working 

cycle.                                                                                                                                          

Water lubrication for the crankcase bearings is desirable because steam blown past the piston 

rings condenses in the crankcase to the detriment of lubricating oil; effective water lubricated 

bearings would eliminate this issue. At present these benefits are theoretical; the water lubricated 

components have yet to be proven at all and especially over long service.  If such is not practical, 

other means to be discussed below must be used to contain the problems associated with oil 

lubrication. This would include a very efficient oil separator in the exhaust steam line. The 

presence of oil also means a most through cleaning and flushing of the entire water system on a 

regular basis, an increase in the maintenance requirements. 

5. In spite of objections by many steam enthusiasts, a modern engine would benefit by employing 

the unaflow (or uniflow, both seem acceptable) engine; these embody concepts developed at the 

turn of the 20
th

 century by the brilliant engineer Johann Stumpf after years of painstaking 

analysis, development and refinement.   As stated in his two books: “I set out to do in one 

cylinder what is usually done in several cylinders and I resolved to do this in the manner of a 

steam turbine, where the steam goes in hot at one end and has its energy extracted as it passes 

axially, always in the same direction, to the cold exhaust.” Basically this is a further extension of 

the reasoning that inspired Watt to develop a separate condenser; steam at the end of expansion is 

relatively cold, passing cold exhaust steam through the same end of the engine through which hot 

steam enters causes the departing steam to carry off some of the incoming heat. Separating 

admission and exhaust at opposite ends of the stroke minimizes this loss. The unaflow principal 

may be applied to both single acting and double acting engines.  In the double acting engine, a 

trunk piston and central exhaust ports are employed. The single acting unaflow resembles the 

common two cycle IC engine with the exhaust ports at the bottom of the piston stroke. 

6. Single acting unaflow designs do have one inherent problem; steam leaking past the piston rings 

into the crankcase can and certainly has damaged the main and connecting rod bearings by 

contaminating the lubricating oil. A dry sump system with a controlled heated oil sump can drive 

this water off.  The use of ball and roller bearings further minimize potential damage, being less 

influenced by oil quality compared to modern insert shell bearings.  

7. Steam engine efficiency rises as the clearance volume is minimized and the compression of the 

residual steam in the cylinder approaches (but does not exceed) the steam pressure entering the 

cylinder.  Controlling the clearance volume and/or steam compression is vital to maximize 

engine efficiency.  Both greatly contribute to reducing the two largest losses in the steam engine, 

initial condensation and re-evaporation.        

 Cyclone proposed incorporating an adjustable valve operated main clearance volume consisting 

of a cam operated poppet valve that controls the flow between the cylinder head and a closed 

ended heated tube projecting into the firebox. Adjustable clearance volumes are well known but 

heating the volume is unique and beneficial. However it requires that the cylinder head be 
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directly adjacent to the firebox, which may not be possible in most component configurations.  

A long connecting tube adds unwanted clearance volume, which must be kept to the minimum. 

Cyclone employs a radial cylinder arrangement, which dictates a vertical drive shaft unless an 

awkward bevel gearbox for vehicle use is included to connect to the driveshaft.   

The Williams Brothers engines used a small, fixed clearance volume and managed compression 

and small clearance by installing a small check valve into the cylinder head, relieving excess 

compression back to the upstream side of the admission valve. Demonstrated higher cycle 

efficiency resulted from matching the compression heat to the incoming steam temperature.   

One additional benefit from high compression may be seen as it can counterbalance the incoming 

steam pressure pushing the single seat inlet valve against the seat, greatly reducing the valve gear 

loading. Balanced double seat valves are extremely difficult to keep sealed in small sizes. 

8. High steam pressure within reason, from 1200 – 2,000 psi, should be employed for the high 

efficiency that comes with almost complete expansion and to obtain maximum power from the 

smallest package. The difficulty of using very high pressure is the design of the poppet valve 

gear that now must have an ultra short timing for opening the inlet valve and then shutting it 

when very short cutoff is wanted to give a high expansion ratio in one cylinder. Also, desiring to 

use excessive speed like 5,000 rpm greatly exacerbates the difficulty.                                                                                    

9. With very high inlet steam pressures, piston ring leakage becomes a most serious concern.  The 

accepted partial solution was to add many rings to the piston; but now this also seriously adds to 

the friction losses and lubrication needs.      

A test of piston ring leakage was undertaken by Warren Doble for the Series F steam cars which 

were designed to use 1500 psi steam pressure. The measured leak rate was 7 pounds per hour per 

inch of circumference, a serious loss. Other tests have confirmed the common sense notion that 

leakage rises with admission steam pressure, piston ring circumference and the amount of time 

the pressure is applied to the steam is resident.  All of this rings true, as the length of the seal 

increases the opportunity for leakage increases proportionately.  Leakage due to pressure seems 

to be proportionate to the amount of pressure; rings may hold tightly at lower pressures and leak 

more rapidly as pressures rise. Time is a natural factor, as nothing in nature is instantaneous. It 

will take time for pressure to work against a seal and manage an escape.  From the above it 

seems logical to assume that leakage is linked to MEP; if the peak pressure falls rapidly as the 

steam expands in the cylinder it has a constantly reduced capacity to escape.  Tied to this is time, 

shorter cutoff causes faster pressure drops.  Engine speed is also a factor, as the speed increases 

the amount of time the steam resides in the cylinder diminishes, as does the opportunity for 

leakage.  It seems clear that careful analysis of various tradeoffs needs to be performed for any 

particular application; for example, higher rpm decreases leakage AND allows for a decrease in 

piston circumference to produce the same power, both of which limit the losses due to leakage. 

This improved efficiency from leakage reduction has to be carefully weighed against the added 

wear and friction losses the speed brings with it; each application has its own unique demands. 

One interesting and possible solution if high pressure is dictated is to use laminar piston rings, 

which resemble the Slinky spring toy.  Multiple turns and having what amounts to many 

labyrinth grooves in each ring, presents one interesting solution that has yet to be proven in long 

term use in steam engines.  

10. Steam admission to the cylinder should be through poppet valves opening directly into the 

cylinder; the porting between the bottom of the valve and the cylinder should be kept to an 

absolute minimum for all engine configurations.   The clearance volume equals the volume of 

steam trapped in the cylinder and ports when the piston is at Top Dead Center (TDC).  Efficiency 
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is negatively correlated with clearance volume; the largest heat loss in conventional steam 

engines is due to the condensation and re-evaporation occurring between the valve(s) and the 

cylinder.  This is seen in traditional double acting steam engines employing single slide or piston 

valves.  These valves were centrally located along the cylinder with a single long port serving 

both admission and exhaust steam for each end. Hot incoming steam would heat this port and the 

departing cooler exhaust steam would carry that heat away.  This transfer of heat badly 

undermines efficiency since the heat deposited in the port is likewise removed from it without 

having the opportunity to produce work in the cylinder. Should a double acting engine be 

necessary, a separate exhaust valve in parallel with the inlet valve reduces the losses; the better 

solution is four valves, an admission and exhaust each end, all having the shortest port length and 

the minimum clearance volume possible.  

11. Avoid extreme peak operating speeds, for automotive sized engines this probably means absolute 

limits of 3000 rpm, +/- 500 depending on engine design details and operational considerations.  

Steam engines pose greater challenges to poppet valves than do internal combustion; practical 

limits to valve acceleration affect steam engines (especially high efficiency steam engines) more 

strongly than internal combustion engines. The fuel/air mixture is admitted to the cylinder of a 

four stroke IC engine for a half an engine revolution.  Since the mixture is driven into the 

cylinder by atmospheric pressure of only a few pounds, it takes a generous valve area to allow 

adequate flow; automotive camshaft manufacturers consider the valve to be “closed” when the 

valve is open as much as 0.050 inches.  With these considerations taken into account, it is not 

unusual for an automotive valve to be open for 270 degrees of the crankshaft rotation.  Steam 

engine valves have a bit different mission and work under different conditions.  In a reasonably 

efficient, higher pressure engine, the valves may be expected to cut off steam admission by the 

time the piston has travelled perhaps 15% of the stroke.  Even if we give allowances for opening 

before Top Dead Center, resistance to flow due to recompression of steam in the cylinder and 

choking as the valve disk is near the seat, we are probably not going to see more than perhaps 30 

or 40 degrees of rotation between the valve opening and closing.  We start to appreciate the 

proportionate acceleration differences when we further remember that the four stroke IC engine 

camshaft is geared to turn at half the crankshaft speed while the “two stroke” steam engine 

camshaft revolves at the crankshaft speed. 

The nature of steam itself allows the poppet valve to offset these IC advantages, to some degree; 

high expansion steam demands much less volume be admitted past the valve while the far higher 

pressure can push the steam quite readily through a smaller valve opening. These conditions 

reduce the required valve travel and accordingly diminish the valve acceleration.  Note the 

caveat “to some degree”, the IC engine by its nature still requires much less valve acceleration to 

do its job for any given rpm.   

Some over-eager naïve steam engine entrepreneurs have portrayed their steam engines as being 

the superior universal plug-in replacements for seemingly all land and sea based uses.  Since 

there are many applications where the optimized IC engines ability to effortlessly develop power 

at high rpm is quite desirable such as pumps and generators, light aircraft and marine use, these 

promoters likewise claim to do the same, revealing their lack of training and experience in valve 

train and even in basic engine design.  To our knowledge, not one of these engines has proven 

themselves at even a third the rpm of some of the faster turning production automobile engines. 

In some cases the mechanical loads imposed on the valve train may be so high as to reduce the 

engine output almost to meaninglessness due to uncertain valve timing; the more certain problem 

is that the mechanical stressed imposed by such acceleration are sufficient to destroy the valve 

train.  After decades of experience, the IC engine industry has found that best operation and 

durability occur when poppet valve acceleration is limited to about 450 gees for push rod engines 
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and about 750 for those with overhead cams.  There is no reason to think this doesn’t apply 

equally to steam engines, the IC designers have the advantage of many decades of development 

and the materials and physics are the same in either case. 

Some piston valve designs offer short porting and good flow characteristics, which seem 

attractive for short cutoff engines but there are other considerations that make them less 

attractive than the poppet valve.  Poppet valves have no side loading, the little lubrication they 

need is along the valve stem and thus not directly exposed to the full steam temperature.  Piston 

valves, and especially their rings, rub against the bore, which produces excessive friction and 

wear unless oil is added directly to the steam entering the valve or to the valve face.  This direct 

exposure to the steam limits the steam temperature to a lower value in order to avoid oil thermal 

decomposition.  Since this lubricant is now directly in the steam flow, it greatly increases the 

amount of oil that must be removed before the steam is returned to the boiler as condensate.  

Without a large improvement in removal effectiveness this contamination will cause the boiler to 

burn out prematurely. Until, and only IF, oil-free piston and valve rings are ever successfully 

developed and proven, lubrication and its associated difficulties will remain a necessary evil.   

Frequently the frustrated designer resorts to simplifying these valve issues by using a rotary inlet 

valve, either a ported sleeve or a ported tapered plug. Historically, and from an engineering 

viewpoint, this valve cannot help but fail except in the most limited circumstances and its use is 

seriously discouraged. For the valve to provide a tight seal, the surfaces must be forced into 

direct contact to prevent the steam pressure from forcing the sealing faces apart.  They also suffer 

from the very short distance across the valve between the incoming steam line and the 

connection to the cylinder, making very high contact pressure mandatory. Such holding pressure 

leads to energy dissipating friction and attendant fatal wear and seizure unless copious 

lubrication is applied.  Such lubrication is exposed to the direct steam flow and will rapidly 

decompose under high temperatures; in turn this leads to valve failure and feed water 

contamination unless very effective oil separation is achieved.  Rotary valves have never been 

proven suitable for the high temperatures and pressures needed to produce a modern, efficient 

engine.  In point of fact, from an engineering standpoint and commercial application, rotary inlet 

valves in steam engines have proven to be a complete failure. Rotary valves often require long 

passages between the valve and cylinder head; such increased clearance volume destroys any 

hope of achieving acceptable thermal efficiency.  The rotary inlet valve is the last resort of the 

unskilled designer and should be avoided at all costs along with the designer proposing them.     

12. Employ heat regeneration extensively wherever possible. The combustion air from the blower 

should travel through an air jacket surrounding the boiler or burner before entering the burner 

firebox.  By doing so the air jacket serves as compact, lightweight insulation to preserve boiler 

heat. Combustion air preheated by the jacket returns heat that would otherwise be lost back into 

the boiler. Cool feed water leaving the feedwater pump can be routed through the ‘feed water 

heater’ a heat exchanger that transfers as much of the heat as possible from the exhaust steam 

into the feed water before the exhaust steam reaches the condenser. The resulting hot condensate 

can now be efficiently cooled in a radiator and returned to the boiler by way of the feed heaters.  

A sump tank can provide a secondary thermal storage heat sink to allow full condensing capacity 

even during temporary full power operation.  Calculations show that this direct mixing condenser 

and an ordinary water cooling radiator is demonstrably superior to any air cooled condenser. 

The traditional steam car condenser is a more ruggedly constructed cousin to an automotive 

radiator; the steam is cooled to its liquid phase inside the tubes while air passing through the 

cooling fins carries away the excess heat. This air cooled-condenser is relatively ineffective 

compared to a radiator; the water inside the radiator is much denser than steam and transfers heat 
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to the finned tubes more readily. Well over 100 years ago, many industrial steam engines used 

‘direct contact condensers’; so called because cool water is pumped into the condenser to mix 

directly with the exhaust steam in sufficient quantity to absorb the heat of vaporization (947 

BTUs per pound) in the steam such that the entire exiting mixture consists of only hot water.   

We would recommend replacing the traditional air cooled steam automobile condenser with a 

direct contact condenser (also called a jet condenser). The resulting hot condensate is discharged 

by this jet condenser then cooled by the more efficient automotive radiator. Calculations show 

that this direct mixing condenser and an ordinary water cooling radiator is demonstrably superior 

to an air cooled condenser; an air cooled unit capable of fully condensing the steam from a 150 

HP engine is extremely bulky to the point of impracticality (even the best condensing 

automobiles lost water at a steady rate above certain engine output) whereas the radiator would 

be larger and perhaps thicker than normal for a car that size but not exceeding that of a large 

pickup truck or high performance sports car.  Given the need to reject the heat of vaporization to 

the atmosphere, needing a radiator of this size is possibly as favorable outcome as could be 

expected.  Boiler feed water would be taken from a point between the condenser and the radiator 

and fed back to the boiler by way of another additional feed heater; this both reduces the amount 

of heat that need be supplied and places a smaller load on the radiator.  A sump tank added to the 

system can serve as a secondary thermal storage heat sink to allow full condensing capacity even 

during temporary full power operation.   

13. The authors strongly suggest consideration of the forced recirculation (Lamont) style steam 

generator.  For almost 125 years the ideal automotive steam generator was the monotube, a 

single tube wrapped into coils and heated with water admitted to one end and steam released 

from the other.  The monotube exemplifies compactness, light weight and simplicity. The 

downsides of the monotube generator are perhaps more impressive and disturbing however.   The 

monotube is difficult to control because any change in pressure, temperature, feed or flow rate 

causes the water level to surge in the tube; surfaces that were superheating the steam a moment 

ago may now be heating wet steam or even water. Wildly varying load conditions in a steam car 

generator do cause the ideal “water level” point to greatly vary.  It is difficult to build a control 

system for any mechanism not having a stable configuration. No test monotube forced 

circulation steam generator to our knowledge has ever been fitted with many fast acting 

thermocouples to establish just how far this fluctuation extends.  Actually with some monotube 

steam generators, only a substantial thermal hysteresis prevents tube burnout. Fortunately there is 

another advantage to having a large thermal hysteresis. Unless the control system has failed, 

most over temperature conditions are caught and corrected long before the hysteresis effect is 

exhausted and by having an oversized feedwater pump. Multiple small tubes in parallel greatly 

reduce this safety cushion.  Since all the water entering the monotube departs as superheated 

steam, if contaminants are dissolved in the water they end up coating the inside walls of the tube. 

These coatings insulate the tube wall from the water flowing inside which prevents the heat from 

reaching the water, this in turn this causes the tube to repeatedly overheat until it burns through.   

The Lamont steam generator also has a heated coiled tube, but it is attached to a small storage 

and separation drum. A circulating pump moves water from the drum, to the coil and back into 

the drum at a high flow rate, some five to eight times the maximum evaporation rate of the steam 

generator; only a fraction of the water is vaporized while the rest returns to the drum to be 

recycled through the tube. The pump requires modest power, perhaps best provided by a canned 

AC induction motor using water lubricated bearings; it should be designed much like an 

automotive water pump with a high flow rate but a low differential pressure.  
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The high flow rate ensures that only a portion of the water passing through the tubes is 

vaporized, yielding a number of advantages over the monotube.  There is little problem 

controlling the Lamont since these generating tubes are always submerged while the superheater 

is always dry as it takes its steam from the drum.  The generator tube is always submerged and 

the tube will carry more heat away because water transfers heat more readily than steam.  The 

pump permits a higher flow speed through the tube, which is beneficial because heat transfers 

more readily as the flow accelerates.  This combination of velocity and the higher thermal 

capacity of water versus steam promotes a much higher rate of heat transfer, reducing overall 

boiler size. Steam and water are separated in the drum, the water being returned to the coils and 

the steam being directed into the superheater.  Even at high pressure, the vaporization 

temperature of water is low enough that few contaminants in the water will decompose; the 

Lamont thus provides an extra benefit if oil lubrication is required.      

14. The arrangement of steam generator tubes and burner are important.  In general, for optimum 

efficiency one should follow the rule “hot to hot, cold to cold”, meaning that the hottest 

combustion gasses should be heating the hottest steam and the coolest combustion gasses heating 

the incoming feed water.  Beyond that, combustion gasses become denser as they cool while 

giving up their heat to the water and steam in the boiler tubing. Since heat transfer improves with 

velocity, it is desirable to arrange the steam generator and tube geometry to provide smaller 

passages as the gasses cool. An effective configuration is to employ concentric helical coils, with 

the combustion chamber surrounding the outside coil and the exhaust gasses vented in the center. 

However, some design and construction considerations reverse this flow pattern, with the burner 

in the center and the exhaust collector stack on the outside. Employing the Lamont coil to best 

advantage created some problems when a burner surrounds it on the outside.  Some developers 

employed tight wound concentric coils with the gas flow up and down between the coils; but 

radial gas flow is preferred.  Placing all of the coil interconnect connections on the top, like the 

White steam generator insures a simpler service than having to dismantle the flat spiral coils of 

the Doble style steam generator.                                                                                                       

A seriously compact design was that developed during the Clean Air Car program by the SES 

Corporation. Their coil stack was arranged at a 45° angle to the long axis of the generator, 

providing a 40% increase in heating surface compared to a straight concentric coil arrangement. 

Combined with extended surface tubing and using the Lamont system, a very compact and 

highly efficient steam generator was realized by SES.                                                                                     

One other consideration concerning the steam generator has to do with installing it in the host 

vehicle.  Constructing the coil stack in a square or rectangular arrangement utilizes the available 

space to best advantage and also permits even more square feet of heating surface than when in 

the traditional round shape.  This combination of employing a rectangular shape, putting the coils 

at a 45° angle to the gas flow path, using extended surface tubing in the economizer section and 

using the Lamont principal may provide the most compact and efficient steam generator 

possible.  

Some progress, particularly by Enginion, has been made with combustion in a porous medium 

into which the steam generator tubes are embedded.  Varying the size of the media progressively 

gives good control of the flame front and the porous media itself is selected to have catalytic 

properties to promote ready combustion.  The intimate contact between the media and the 

generator tubing allows for rapid heat transfer into the water and steam.  What remains is to 

experimentally see just how hard this surface combustion burner can be forced with very high 

draft pressures and maintain flame stability along with the size needed for a high output vehicle 

system.  One experiment the author conducted varying the draft pressure with a commercial 

porous ceramic gas radiant heating burner showed that the flame front moved from inside the 
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tubes where it belonged to floating above the whole matrix with the higher draft velocity.                                                                             

 

 

THE RIGHT QUESTIONS AND REALISTIC ANSWERS.  

 We should be asking: “Which known alternate automotive power sources could be really 

practical, reliable, energy efficient, environmentally clean, cost effective, and of most importance, 

acceptable to the consumer?”  “Which alternatives truly address the greatest environmental problems of 

our time and allow our nation to wean itself off the use of traditional fossil fuels that increasingly come 

from volatile if not actively hostile areas of the world?”  Once identified, it is up to the manufacturers to 

provide them and for the various Governments to encourage their adoption and use in a responsible 

manner.  

 Even suggesting in jest that the vast background and manufacturing capability of the IC engine 

for passenger cars be abandoned in favor of a steam engine would be simplistic, naïve, irresponsible and 

foolish in the extreme.  Perhaps steam is best suited as a limited high performance and high priced niche 

GT vehicle for wealthy collectors who would desire the performance, uniqueness and exclusivity a 

steam powered sports car would offer.  It is also quite possible that a larger volume production engine 

would look quite different than the niche product, depending on application. 

 Four additional uses come to mind, a new pollution free engine for large interstate trucks, large 

motorhomes and SUVs and a silent propulsion power plant and generator set for yachts. 

 In this author’s opinion, the prime goal of the scientific and engineering community is to reduce 

automobile CO2 and NOx production and petroleum consumption; in part this means making more 

carbon-neutral fuels available and burning less of them – especially using homegrown bio fuels that are 

commercially, financially and morally attractive.  Basing our energy future on unstable and often 

unfriendly nations is increasingly risky. Our scientific and engineering community must also be charged 

with seeing that the total energy consumed by any new large scale fuel system is as low as practical. 

Reducing the speed of climate change, particularly by reducing the use of petroleum fuels for 

transportation, is the primary emphasis for all of this work. 

 From a practical standpoint, we also need ask whether new transportation formats can be quickly 
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put into production on even a limited basis. Tooling costs, training of assembly line workers, 

maintenance/repair and liability costs, supply chain impacts, training and conversion of repair personnel 

and shops, costs to introduce even a limited conversion plan … or the feasibility of even performing 

conversions are all factors on which practicality hinges.  Solid, well proven and tested concepts are 

needed.  Senior corporate leaders are necessarily risk adverse, the industry is highly competitive and 

capital intensive, highly successful product launches are often necessary just to maintain market share 

and profits; only a couple of missteps can spell disaster.                                                           

 Lacking solid evidence to the contrary, there is little experience except old and outdated concepts 

on which to base decisions of revised steam technologies. Many in the steam community must 

acknowledge that the case has to be definitively proven; favorable arguments are far less obvious than 

advocates assume. Lacking hard and proven current data on advanced steam technologies, decision 

makers have little to base their opinions except for old and outdated concepts, potentially confusing and 

obscuring practical issues. Solutions now promoted by Government for battery electric cars and E-85 

alcohol must stringently be reviewed and, if need be, altered to produce results that best serve the 

consumer, nation and environment.  It might be a herculean task but political goals, poor science and 

special interest lobbying must be separated from technically valid, economical solutions.  

 Overall, the authors believe the modern steam engine presents a most satisfactory solution to 

some situations.  No currently known engine technology is superior for all uses but the Rankine cycle 

engine can potentially do its part very well if given the chance and correctly applied. This means 

developing systems apart from vintage steam cars and their direct spinoffs that passed as “modern 

steam.”   

Rankine cycle steam engines potentially exhibit the following beneficial characteristics: 

1. Continuous combustion at a constant rate and constant temperature in the presence of low 

pressure air leads to long residence time for the fuel particles; in a correctly designed burner 

clean combustion occurs without NOx emissions and without ANY pollution control 

hardware, a feature only found in external combustion machines such as the Rankine cycle 

steam engine and the Stirling cycle hot air engine.   

2. Steam engines demonstrate true fuel flexibility, if correctly designed they can burn almost 

any combustible in the cleanest manner possible without added hardware or control systems.  

3. Self-starting steam engines consume no fuel when halted and can provide higher efficiency in 

stop-and-go driving.  

4. Future developments have the thermodynamic potential to yield net cycle efficiencies 

equaling spark ignited gas engines and possibly even rivaling Diesel engines but using 

relatively unrefined fuels, no additives or added pollution control hardware. 

5. Steam engines match the torque and horsepower requirements of many motor vehicles 

perfectly and exhibit massive starting torque.  In vehicles optimized for low speed stop-and-

go operation or steady high speed cruising they can eliminate the need for a transmission 

with reverse being obtained by a simple reversing of the intake valve timing. 

6. Steam vehicle engines can provide near silent operation and extreme flexibility of operation. 

7. If steam generator design is kept simple and if used without a transmission, Rankine cycle 

engines can potentially be more economical to produce in either mass or limited production 

than spark ignition gasoline engines. One must also factor in the assembly and testing time. 

8. For many applications, high engine speeds above about 3,000 rpm are discouraged as nothing 

is gained from a noisy, high wear factor and shorter lived steam engine. Steam engines 
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necessarily run cooler than IC engines, where combustion occurring internally the cylinder 

walls must be externally cooled to prevent fatal damage; steam temperature is limited to what 

boiler tube materials can withstand, obviously responsive control of superheat is required.  

These characteristics may combine to give a steam engine a long service life; active vintage 

steam cars are known that have not had major engine service for well over fifty years. 

 These are all important, science-based reasons why select automotive companies are encouraged 

to revisit Rankine cycle engines as a power source for cleaner, more efficient, more fuel-flexible 

vehicles, with the power output needed to move the type of cars that the enthusiast motoring public 

actually wants to buy.  

 

POLLUTION CONTROL COMES NATURALLY TO THE RANKINE CYCLE ENGINE. 

 The Rankine cycle engine is an external combustion engine, continuously burning its fuel in an 

outside combustion chamber separate from the power cylinders. By contrast, the internal combustion 

(IC) engine intermittently burns its fuel inside the cylinders. The constantly varying temperatures and 

pressures in the IC engine greatly influence the actual combustion process and the composition of the 

exhaust gasses. In the Rankine cycle engine the continuous combustion is at a constant low pressure, 

there are no explosions, no pressure peaks and with a long residence time for the fuel particles to burn 

completely in a pollution free manner. The actual burners are simple sheet metal constructions. There is 

no possible comparison.  

 All steam cars used some form of a liquid fuel burner. Each form has both good and bad 

characteristics as listed below: 

Pre-Mix Vaporizing. Consider these to be an enlarged form of the popular Coleman camp stove. The 

lengthy starting drill consisted of first pre-heating a pilot light with a blowtorch; as soon as that got hot 

you admitted fuel to the pilot and ignited it.  Then you waited until the pilot heated a section of the main 

vaporizer tube at which point you carefully let the fuel into the main vaporizer tubing where it was 

turned into a gas.  This gaseous fuel mixed with the air in a venturi and the mixture passed through a 

perforated burner plate; after passing through the perforations the mixture (hopefully) burned just above 

the burner plate.  Rushing the procedure usually resulted in raw fuel flooding the burner, fires and 

frequently a loud backfire.  Stanley, White and others used this form of burner in their steam cars with 

Stanley conservatively keeping it in use until the company folded in 1926, long after everyone else had 

gone to some form of atomizing burner. The pre-mix vaporizing burner generally works only with a light 

(readily vaporized) fuel like gasoline or kerosene and does not work well with Diesel or heavier heating 

oils.  Careful adjustment and regular maintenance was needed to operate one of these burners, failure to 

keep both the pilot light and the main burner vaporizers clean of carbon, resulted in clogged vaporizers 

and a decided lack of forward progress until they were cleaned out.   

 

Post Mix Vaporizing.  A type of burner not known to be used in steam cars that shows great potential by 

offering very clean combustion and a smaller combustion chamber than an atomizing type.  The fuel is 

atomized by a pressure fed nozzle, carburetor or today a single point throttle body injector and directed 

into the actual combustion chamber where it is mixed with air. The atomized fuel/air mix passes through 

a special section of the burner where the atomized fuel is vaporized by recirculated hot combustion 

gasses.  When cold, a sparkplug can ignite the atomized fuel/air mix with vaporization occurring as the 

unit comes up to operating temperature. This burner does not have the carbon problem the old pre-mix 

units had and burns with a clean, blue-white flame.  A modern version may use a carburetor or single 

point automotive fuel injector system to admit the fuel. The vaporizer may take the form of hot gas 



 20 

recirculating or by using J tube vaporizers, which were used extensively in early jet engines with good 

success.   

 

Atomizing.  This is the most common form of burner in modern steam cars. In 1914 John Doble 

invented an electric motor driven atomizing burner that employed an electric fan and electric spark 

ignition in order to automate the tedious process of lighting off the boiler; by employing a carburetor to 

accurately proportion fuel deliver in proper relation to air flow he achieved a burner that was simple to 

operate and maintain in good operating trim.  Sold under the name NoKol (no coal), it was used to 

convert old home heating furnaces to oil after it was demonstrated at the 1917 Detroit Auto Show as part 

of the new Doble-Detroit steam car.  About the same time Lewis L Scott developed a similar burner sold 

under the name Electrol; when the Doble brothers left Standard Engineering to start Doble Steam 

Motors, Scott was hired along with Edward Newcomb to develop the Scott-Newcomb steam 

automobile. Combustion is often noisy and unless these burners are constructed with secondary air 

admission they are known for dirty startup from cold; a larger volume firebox is required because flame 

contacting the cool wall will produce soot deposits on the boiler tubes. Variable draft requires some form 

of control of the mixture ratio to maintain clean combustion; a condition readily achieved using modern 

throttle body single point fuel injection systems, carburetors, as well as pressure fed atomizing nozzles.    

This burner has been almost universally used in steam cars since the 1920s when the demand for 

burning heavier (and cheaper) fuels than gasoline or kerosene prevailed. 

 

     Burners with hybrid characteristics have appeared.  One of the authors constructed a higher pressure 

version of the SES steam car burner which produced a very compact, intense, clean blue flame.  The fuel 

was atomized rather than vaporized but the mix passed through a vaporizing type of perforated plate.  It 

seems likely that the fuel might have evaporated when contacting the plate, but no special effort was 

made to evaporate the fuel prior to ignition.  This burner has enough elements of the atomizing and 

vaporizing that one could argue the case either way, but no element is so unique as to cause one to 

declare it a separate type. 

 

Properly designed Rankine cycle engine combustion systems with absolutely no control hardware 

provide the best possible pollution elimination over any IC engine. This clean burning condition is 

accomplished in several ways. The combination of combustion air pressure in the firebox is typically 

being less than one pound per square inch compared to the hundreds of pounds pressure in the IC engine 

and the fuel particles having a long, continuous and controlled residence time in the burner insures 

complete and clean combustion. There are NO unburned hydrocarbons, NO soot emissions, NO CO 

(carbon monoxide) traces and when bio fuel oils from carbon neutral plants or algae are used there is 

NO excess CO2 (carbon dioxide) production. Furthermore, if the combustion temperature is held down 

below 2300°F by means of simple secondary air admission into the firebox, NOx is NOT produced. 

None of these features harm or reduce the overall net cycle efficiency or operation in any manner.  

 This natural clean burn presents major cost savings by eliminating computer controlled engine 

controlled valve timing, automatic transmission management, ignition and fuel management systems 

and injection requirements and exhaust system air injection, filters and converters all vanish in the steam 

car.  Inspection under the hood of any new IC automobiles amply illustrates the cost and complexity of 

pollution control and engine management. For the long-term owner, this hardware may translate into 

prohibitive repair bills. The steam car requires none of this and could not use most of them even if 

installed.  

 Diesel engines have very good fuel economy, are very durable and provide high torque but these 

attributes are now offset by constantly evolving pollution standards requiring expensive and complicated 
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systems. These commonly include controlling NOx by adding special fluids and reactors to the exhaust 

stream along with converters and filters to handle the soot production.  This hardware, coupled with EPA 

mandates insuring the fluid system is always operating, add high cost to alternative Diesel engines. The 

new computer controlled common rail fuel injection systems are already noted for adding cost and 

potential reliability problems.  Data obtained by this author concerning Cummins engines suggests large 

interstate truck Diesel engines that meet these proposed government pollution control mandates cost of 

up to $25,000 more per engine in addition to more frequent and costly maintenance. This is simply not 

acceptable to truck fleet owners.   

 It is also noted that these government agencies are now actively considering mandating similar 

requirements for marine Diesels, railroad locomotives, farm, construction and industrial engines and 

even down to lawnmower sized engines. It appears that any Diesel engine is going to require expensive 

pollution control systems.   As a result, some industrial Diesel engine manufacturers have stopped 

supplying these engines for truck use, as the cost of efficient NOx and soot pollution control devices for 

large engines has driven the cost of these beyond what their customers will accept. Caterpillar is one 

manufacturer who took this path in 2008.   It should be recognized that some of these emissions controls 

may even be counterproductive; both ships and rail carry far more tonnage for the same amount of fuel 

as do trucks and are thus by nature relatively clean.  Mandates, which increase the maritime, or rail 

shipping costs, lessen the incentive for using these inherently more fuel efficient, less polluting modes of 

transport. One must consider that a change in administrations in Washington may alter this situation.  

 Often one hears that this continuous government mandating of costly changes to the automotive 

industry might generate a situation where the world’s automobile manufactures simply do not accept 

them. The manufacturer already simply adds on the development and manufacturing costs to the retail 

price of his product. At some point the consumer might possibly refuse to purchase the new vehicle, 

instead refurbishing his old one and keep driving it, mandates be damned. An intriguing speculation, as 

the consumer does have the last word and if he says NO, then the manufacturer stops making the 

vehicle. They all are not making cars for the fun of it they make them to generate profit for the 

corporation and their stockholders.  Possibly a consumer revolt at even higher car prices and ruinous 

repair bills might be the catalyst. Who knows? 

 

THE TRUE FUEL FLEXIBILITY OF THE RANKINE CYCLE ENGINE  

 Talk of “flex fuel” IC engines by auto manufacturers and Government politicians is truly a 

matter of perception.  These engines are flexible in that they can only utilize fuel mixtures having from 0 

to 85% ethyl alcohol; they cannot use a wide variety of fuels such as relatively unrefined distillates, 

most biofuels or solid combustibles.  Lower percentages of alcohol in gasoline can improve IC engine 

mileage and octane ratings, but as the percentages climb significantly these benefits are soon far 

outweighed by the reduced energy content and mileage of the fuel. Flex fuel vehicles can exhibit fuel 

economy losses in the 30 to 45% range when burning E-85 (85% alcohol, 15% gasoline). This would 

not matter if alcohol costs were roughly equivalent to gasoline on the basis of energy content; but this is 

not the case.  Engine designs can be modified to run very efficiently on very high percentages of 

alcohol, the high octane rating permits very high compression ratios and attendant efficiency gains.  

However, such engines are not capable of again running on gasoline or other lower octane fuels without 

suffering self-destructive pre-detonations; in effect there is a tradeoff from unstable petroleum prices due 

to international events, corporate pricing policies, unstable alcohol prices depending on the weather and 

base source material prices like corn.   

 Much of this problem undoubtedly comes from trying to follow the Brazilian model of 

mandating alcohol fuel for road vehicles.  Not well considered by government was that Brazil is an 
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equatorial country situated in exactly the right climactic zones to grow sugar cane, a crop that far more 

efficiently produces ethanol than corn or similar feed stocks grown in temperate zones.  

 There was also the late discovery that the earlier mandated addition of MTBE to gasoline was 

polluting the ground water due to tank leakage from MTBE diffusion thru the fiberglass tanks, along 

with ordinary leaking from rusting tanks and piping.  MTBE was considered to be a serious cancerous 

health risk. The hasty decision was to eliminate the MTBE and substitute alcohol, the use of which was 

greatly enlarged during the Bush Administration.   

 One very well written paper showed that the reduced performance and mileage accompanying 

mandated E-85 use could only be recovered either by making larger displacement engines (which would 

improve power but actually reduce economy) or to increase the power output from small engines by 

adding high turbocharger boost. The turbocharger does deliver power and economy as advertised, but 

does so at the cost of more complex and expensive added hardware including the turbo package itself 

and additional transmission speeds to keep the engine in the narrower turbo power band.  The more 

highly loaded engine will require more rugged components; high quality steel forgings will replace 

ductile iron castings. Such highly stressed engines are often referred to as “Grenade” engines.    

 Such changes involve more expensive materials and more costly and involved manufacturing 

processes. At this point, one should start looking for unintended consequences.  A certain portion of the 

customer base will be priced out of the market as costs rise; since they will still require transportation 

they will need to keep older technology vehicles on the road much longer by choice.  Such cars were not 

only typically less efficient and clean than newer products, but over time normal wear makes them even 

less efficient and dirtier.  One badly polluting, older technology vehicle (or one lawnmower) can 

produce as many emissions as a small fleet of modern cars; the emission controls are now really that 

good. Serious evaluation is needed to determine whether excessively stringent mandates can actually 

lead to lowered air quality.  

 Alcohol is hygroscopic, meaning it readily absorbs water, even from the air.  In older vehicles 

not meant for alcohol, this water may accelerate corrosion of metal parts and disintegration of gaskets 

and rubber components causing fires, while lubricating oil dilution caused by alcohol leaking into the 

crankcase may lead to excessive piston ring and valve guide wear.  Some owners of classic vehicles 

have resorted to aftermarket fuel additives or aviation and agricultural fuel supplies, which may result in 

more pollution than the original fuels alcohol was meant to replace.  In spite of the political 

grandstanding, the entire pollution and fuel situation was not well considered. 

 Ethanol, or grain alcohol, is produced by fermentation; a biological process where certain yeasts 

consume sugars and produce ethanol and carbon dioxide as waste products.  It follows that the carbon 

dioxide emitted to the atmosphere during fermentation offsets many of the carbon neutral benefits that 

were meant to be gained.  Alcohol, as produced by fermentation, is not combustible; there are far too 

many contaminants present.  Distillation is needed to produce pure, fuel grade alcohol, a process usually 

requiring liberal amounts of electricity, which is typically produced by CO2 emitting coal fired 

powerplants. Likewise, burning ethanol in the engine does not eliminate CO2 production; the tail pipe 

emission from burning an ethanol molecule is two molecules of CO2 and three of water. 

 Ethanol is not the only alternative fuel available.  Methanol, or wood alcohol, is one of the 

world’s more widely traded commodities and can be produced from a number of feed stocks including 

coal, natural gas, wood and other materials. Some methanol production methods actually use CO2 as a 

feedstock to increase yield, making the process more carbon neutral.  Methanol was a contender as an 

alternative fuel supply up into the 90s but rising methanol prices from increased demand along with 

dropping gasoline prices caused interest to wane. If the same tax credits and subsidies had been applied 

as were given to ethanol, it would arguably be the more popular fuel. For decades race cars have run on 
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methanol for safety reasons, unlike gasoline a fire can be extinguished with water.  An ongoing effort to 

implement an Open Fuel Standard would require new vehicles to be able to operate on gasoline mixes 

containing up to 15% ethanol, methanol, biodiesel or other comparable fuels. Such an initiative might 

improve the market for alternative fuels by giving them relatively equal market access. 

 There is another ill considered situation about using ethanol as motor fuel.  Government inspired 

mandates required it be altered so as to make it unfit for human consumption. Formaldehyde is often 

added to ethanol to prevent consumption as unlicensed liquor, which produces further hazardous and 

objectionable byproducts. Methanol or wood alcohol is another addition.  Methanol is a deadly poison 

and consumption destroys the optic nerve causing blindness and often death.  Even absorption through 

the skin can cause these conditions.  Some alcohol producers use methanol as it is easily produced from 

many sources besides the destructive distillation of wood.  

 Methanol has one other characteristic that will cause serious problems. It destroys the natural 

protective coating that forms on aluminum, leading to fuel tank and other leaks. It also destroys older 

rubber gaskets, composition gaskets and seals. Older vehicles may run a fire risk should methanol 

become a large component of E-85.  

Ethanol production is in many ways more involved than petroleum. Crops must be planted, watered, 

fertilized, harvested and then fermented; all at significant costs of labor and materials.   

 

Petroleum production is also expensive, but to a large degree the costs are up-front capital investments 

that can be amortized rather than ongoing.  This agricultural aspect to ethanol production makes its use 

as a fuel commercially feasible only with tax offsets and government subsidies.  

 

In November 2013 the EPA invited public comment concerning its proposal to reduce the level of 

ethanol in the nation’s fuel supplies as mandated by the Energy Independence and Security Act of 2007.  

It had been found that there was a “blend wall” where practical factors made it difficult to maintain fuel 

supplies with ethanol concentrations exceeding 10%.  

From the 1980s into 2011 there was a 54 cent per gallon tariff on imported ethanol, mostly intended to 

protect US corn farmers and ethanol producers from competition by Brazilian sugar cane derived 

ethanol.  More recently, starting in 2004, companies blending ethanol with gasoline received a tax credit 

for each gallon produced. Due to free trade agreements and trade initiatives, Caribbean producers 

avoided the 2.5% duty and tariffs on shipments up to 7% of US ethanol consumption.    

Since 2011 there has been a $0.45 per gallon tax credit for blending ethanol with small producers 

receiving an extra 10 cents on the first 15 million gallons.  Tax credits date back to the 1970s but have 

evolved as legislation has been enacted over the years.  The Congressional Budget Office calculated in 

2010 that it cost taxpayers $1.78 to replace one gallon of gasoline with a gallon of corn alcohol while tax 

credits cost taxpayers about $750 per metric ton to reduce CO2 emissions. Congress did not extend the 

tariff and tax credit and both ended on Dec 31, 2011. 

The use of ill considered restrictive tariffs to exclude foreign sugar cane derived ethanol has been costly 

and undermined the supposed environmental benefits.  It takes about half the acreage to produce the 

same amount of alcohol from sugar cane as it does corn sugar.  Corn based ethanol yields about 1.3 to 

1.6 times as much energy as is needed to grow and produce it whereas sugar cane shows a far more 

attractive ratio of 8.3 to 10.2.  Greenhouse gas reduction for corn based ethanol is on the order of 10 to 

30 percent whereas for sugar cane it is 86 to 90%.  

During 2014 many parts of the nation experienced severe drought conditions. This caused farm prices 

for corn to rise and because of the Government mandates concerning adding alcohol to gasoline fuel 

prices have seen a steady increase. Couple this with the common business practice of raising prices to 
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continue and increase the profit margin. The present automotive fuel pricing and gyrations are directly 

attributed to using corn to produce the alcohol and corporate gouging taking advantage of the market 

conditions. Unless the alcohol addition mandate is repealed by Congress sugar cane is the only 

environmentally and financially sound and reasonable base source. 

 During the George Bush Administration, Brazil offered the United States all the ethanol it could 

use at $.85 per gallon, delivered here. Bush vetoed the offer due to political pressure and obligations to 

the farm and alcohol producers lobbies. The American motorist is paying the price of this political 

payback scheme. 

 Diesel engines burning bio fuel oils are CO2 emission neutral and retain the typical Diesel high 

net cycle efficiency.  The high compression ratios needed to produce auto-ignition in the Diesel leads to 

high combustion temperatures which inherently and unavoidably generate nitrous oxide (NOx), a very 

serious pollutant.  Diesels are also prone to producing soot but this can and is being controlled although 

this may be an issue if older engines remain in service.  Diesel bio fuels must be highly refined to 

remove water and glycerin lest costly engine damage ensue; Rankine cycle engines can burn 

unprocessed fuel provided solid contaminants are first removed to prevent fuel system clogging.  

 The aforementioned bio diesel, along with other bio fuel oils, offers an alternative fuel supply for 

Diesel engines. The best feed stock, at this time, is probably reclaimed cooking oils although other 

natural fuel sources such algae oils may become available over time.  Many of these fuels can be 

produced without impacting the food supplies and offer a high BTU value relative to alcohol. (19,500 

vs. 8500 BTU/lb.)  The amount of used cooking oil available for reclamation is limited and, despite 

environmental advantages, may strongly limit the supplies that can be produced from that source.    

 Although flex fuel spark ignited IC engines can run on a wide range of gasoline and alcohol 

mixtures, their flexibility is limited because they cannot use diesel or bio fuel oils.   At the current time 

this limitation is probably not a handicap as there seem to be no cheaper and more plentiful options.  

Industry would, however, have an incentive to develop an array of cost effective and plentiful alternative 

fuels if there were a practical engine which could cleanly and effortlessly switch between any liquid fuel 

and fuel mix.  At this time, it appears that only continuous combustion engine cycles such as the 

Rankine, Stirling or Brayton may fulfill this task.  Of all of these, the Rankine has the best potential to 

operate at temperature regimes that inhibit NOx formation.  Over the years steam engines have been 

fueled by alcohol, acetone, gasoline, Diesel oil, heating oil, coal oil, kerosene, molasses, paint thinner, 

rubber solvent, jet fuel, benzol, vegetable oils, used waste motor oil, peanut and olive oil, propane, 

natural gas and others.  Such diverse operation can be managed with few to no modifications to control 

and fuel delivery systems or to the combustion chamber. Only an initial air to fuel ratio need be 

considered. This is simplicity personified and presents a serious potential for major cost savings.  

 At the present time it is an open debate whether greater fuel flexibility is that valuable an 

attribute in automobiles.  Despite talk of developing various biofuels and artificial fuel sources, gasoline 

and Diesel blends are still the cheapest and most plentiful options available.  Algae oils, for example, are 

worth pursuing, but it is an open question as to when and if they can ever be a meaningful fuel source. 

The influence of a change of political parties in Congress may also alter the situation. 

 Then one might consider the impact of these alternate fuels on the entire existing oil industry.  

Mass consumption of any fuel besides petroleum based could indeed seriously damage the present oil 

cartel.  As noted in other industries facing such ruinous competition, the affected industry buys out the 

competition, they can afford to do so, and either absorbs the new industry or buries it; but definitely 

controls it. 

  There is one other successful technology to fuel the gasoline IC engine, wood producer gas; a 

very old technology that dates back to the middle of the 19
th

 century to provide lighting gas from the 



 25 

distillation of coal.  Much later during WW-II in Europe and Asia when military demands made gasoline 

and Diesel oil unavailable for private cars, wood gas producer systems saw a rapid development and use.  

While awkward to use and requiring modification to the IC vehicle engine to reclaim the power level, it 

does work.  There is quite a revival today in using wood producer gas and a simple search on Google 

under “Wood Producer Gas” will provide a huge amount of data and sources for equipment. Also see 

www.allpowerlabs.com.  One author tried to purchase one of the better WW-II systems; but it seemed 

that when gasoline again became available, the users gladly scrapped their producers and went back to a 

much easier fuel to use. 

 This isn’t to say the steam automobile should not be further developed and refined.  Strict 

adherence to just internal combustion cycles limits alternative fuel researchers and suppliers to a more 

narrow range of solutions; the availability of improved Rankine cycle engines may make the capital 

investment in non-IC friendly alternate fuel sources more palatable.  It’s unlikely there is a solution to 

the energy crunch; it’s more likely that a variety of solutions all working together will pull us through. 

 There is no single working heat cycle that ideally suits every application as each one has an ideal 

match to the proposed load. The fantasy of “One Universal Engine” is a naïve promoter’s delusion; each 

has an ideal need it will fill.  

 A popular dream of misguided politicians and futurist dreamers is the use of hydrogen gas as the 

fuel for all vehicles. The idea that burning hydrogen in a car will produce only water vapor out the 

exhaust is a simpleton’s dream. Without going into an elaborate explanation in this paper, hydrogen is 

probably the most unsuitable of all proposed alternate fuels at this time.  It may be the most common 

element in the universe it is also the most difficult to harvest, store and use. Hydrogen is obtained by 

electrolysis of water or separating it from natural gas. Both are energy intensive processes. 

Separating hydrogen and purifying it for use is very energy intensive. 

Hydrogen reacts with the nitrogen in the air to form ammonia.  

The BTU content is extremely low making it unsuitable to be burned in an IC or EC engine as a 

gas. Hydrogen is 51,585 BTU/lb. vs. Diesel oil at 139,200 BTU/lb. 

Hydrogen is the coldest cryogenic fuel, some - 248°C, making storage a costly task, either very 

high pressure, a vacuum jacketed cryogenic storage tank or combined in some hydrides. 

Hydrogen is very easily ignited, making any leak potentially very dangerous. 

Hydrogen easily diffuses through some metals. 

There is no infrastructure to supply or distribute hydrogen as a vehicle fuel.  

 In spite of all the uneducated comments about the wonders of the Hydrogen Highway, it has 

become a very bumpy road and not worth considering as a fuel for a Rankine cycle engine. This is 

definitely not implying that hydrogen in some form, or used in fuel cells that must use purified 

hydrogen, are not eventually going to be seen as anything besides cars for publicity demonstrations or 

simply subjects for research as they are today. Technology constantly marches forward and commercial 

application in some vehicles may become practical in the future, if only hydrogen will be able to satisfy 

the specific need. Today it remains on the bottom of the alternate fuel to burn list except for fuel cells.  

 Any responsible auto manufacturer investigates all the practical applications of new energy 

systems as part of his due diligence. 
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THIS MODERN STEAM ENGINE CAN OFTEN PROVIDE EQUAL FUEL ECONOMY TO 

CONTEMPOARY I.C. ENGINES.  

 In addition to extreme fuel flexibility, economy considerations for the Rankine versus other 

cycles should also take into account the vehicle type, typical mission and operating environment; there is 

unlikely to be any single “best” overall choice and selection may be determined more by exact customer 

needs.  It is probably safe to say that compared to piston IC engines, steamers potentially exhibit 

relatively better economy in city driving.  The IC engine reaches peak efficiency when operating at its 

design load, a condition rarely encountered in stop and go driving.  By contrast, the steam engine with 

variable cutoff exhibits better economy at lower speeds, at speed the cutoff can be shortened which 

causes the steam to expand more fully with better economy.   When just puttering along, the burner is 

off most of the time, coming online briefly to restore steam pressure and temperature; novice passengers 

often exclaim in alarm that the “engine” has died, only to be told that it has just shut down at full 

pressure and temperature awaiting the next movement of the throttle.  All other factors being equal, 

Rankine engines excel when running either intermittently or under widely varying but generally low 

loads; for steady cruising at full design power, the IC engine comes to the fore.  However, full power is 

not the usual condition of the vehicle.  Only racing cars are driven with the foot planted on the 

accelerator and at peak output levels. So, for the private passenger vehicle, a Rankine cycle power plant 

can offer everything that is desired. 

 There is the argument that for a vehicle use the battery electric is its equal; but this is a fallacy. 

The electric has full torque as soon as the electricity energizes the drive motor and this is true, just like 

opening the throttle on a steam car.  However, the electric has a greatly reduced range, claims of miracle 

batteries notwithstanding and have long charging times. The steamer has many times the starting torque 

of the electric and is refueled exactly the same as any IC powered car or truck, in minutes not many 

hours like the electric.  Batteries will certainly improve; but when and by how much is certainly the 

question for the foreseeable future.  For town use the modern battery electric is quite suitable; but not for 

any highway driving.  

 The Rankine cycle engine does have one unavoidable efficiency penalty; the thermodynamic loss 

accompanying the heat that must be added to water in order to vaporize it into steam, the phase change 

(947 BTU per pound), the heat of vaporization.   There is no way to fully reverse the process, that is to 

condense a pound of steam back into water while usefully recovering the 947 BTU originally used to 

vaporize the water. Vaporization itself does not produce power and therefore is a total loss. 

 This loss sparked a flurry of searches to find a satisfactory substitute working fluid for water. 

Toluene was found to be a viable working fluid in solar power plants, particularly those championed by 

Dr. Tabor in Israel for dynamic solar power installations and by the Sundstrand Corporation.  The search 

for alternative vehicular power plant working fluids ground to a halt when it was realized that some of 

these fluids decomposed at temperatures in excess of (650°F+), too low a temperature for truly high 

efficiency. Perhaps if the energy source is free solar heat or otherwise wasted heat, this is not so 

important.  These heavy weight molecular fluids also have a tendency to go superheated when their 

vapor is expanded, meaning a large recuperative heat exchanger is added to the system, often being the 

largest single component. Their T-S or temperature entropy diagrams tend to go far to the right, while a 

straight up and down line is preferred. Steam goes slightly to the left of the desired straight up and down 

line. 

 More discouragingly, in some cases decomposition produced some really hazardous byproducts. 

Fully fluorinated or chlorinated fluids like benzene or the various forms of Freon can disintegrate and 

produce deadly free fluorine and chlorine gas.  In the presence of open flames Freon can react with air to 

yield phosgene gas, used as a deadly chemical warfare agent in WW1.  Mechanically such gasses were a 

mixed bag; they suffer from a low specific heat compared to water, which means much more energy is 
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lost pumping them into the steam generator.  On the other hand, their high molecular weights made the 

use of small turbines both practical and efficient; compared to steam they were likened to throwing 

bricks at the turbine blades rather than fine sand.  The situation was much less favorable in piston 

expanders, the heavy molecules producing unacceptable friction flow losses.  In the end, 

experimentation ceased as the health and environmental risks were deemed too high for vehicle use.  

 For passive solar energy systems, alternate fluids do work well thanks to the low operating 

temperatures compared to a fuel burning steam generator.  Concentrated energy solar plants can use 

steam thanks to their high operating temperature. 

 There has been continuing interest in employing an organic working fluid as a bottoming cycle 

power source in connection with an IC engine.  Mercedes-Benz, Nissan, Honda, BMW, Cummins and 

others all investigated this concept and a few built test systems. With private road vehicles, the 

intermittent heat source availability and frequent low heat output when in town use or idling ended these 

investigations.  The low power output, variable output levels of the available heat source, problematical 

expander speed matching to the prime mover, cost and packaging difficulties made such ORC additions 

impractical.  

 Perhaps in railroad service, marine or long distance Diesel trucks, it might have a use, where the 

heat source is more constant. The horsepower return vs. the size and cost of such a system usually made 

further investment impractical.  

 The second unavoidable problem is that water freezes at +32°, and that water expands when it 

freezes, potentially causing damage if freezing is uncontrolled.  The system should be designed so that 

when the engine is secured, water inside various components drains into one common sump or tank. 

Once collected, the water can be treated as a batch such as by supplying an IC-like block electric block 

heater to prevent freezing. This is of little help when the vehicle is parked outside overnight in freezing 

weather and electricity is not at hand, the typical battery will discharge by morning.  A flexible sump 

tank can resist freezing without damage from expansion, solving that issue.  This would allow heat to be 

applied only when it is time to fire up the steam generator, and such heat could possibly come from the 

burner rather than direct electric heat.  

 One humorous quip by the famous Ettore Bugatti comes to mind at this point, when replying to 

an angry customer complaining how hard his new Type 55 Bugatti was to start when it was cold: “Well, 

if you can afford a Bugatti, then you can afford a heated garage.” So much for him!!  One other that is 

just too good to pass up. Another irate customer met Le Patron in the hallway of the factory and loudly 

delivered his complaint. Bugatti stared at him for a bit and replied: “Then, don’t let that happen again.” 

Then turned on his heel and marched off, leaving the speechless customer at a total loss.  Gabriel 

Voisin’s priceless and caustic comments in his instruction books for his cars left no doubt what he 

thought of his client’s mental abilities. He did not suffer fools, no matter how rich they might be. 

 

UNDER THE RIGHT CIRCUMSTANCES, THE MODERN STEAM ENGINE CAN OFTEN 

PROVIDE EQUAL FUEL ECONOMY TO CONTEMPORARY I.C. ENGINES.  

 In addition to the ability to utilize a wide range of fuels, the Rankine cycle has certain attributes 

that must be considered relative to fuel economy; noted advantages include silence, flexible fuel usage 

depending on the market, clean combustion and extreme operating flexibility. 

 To make a Rankine cycle engine cost effective, thermal losses must be minimized by effectively 

using insulation and regenerative heat exchangers. Careful plumbing can reduce fluid friction losses.  

Naturally, attention will be aimed at the expander to wring the most energy practicable from the steam 

while minimizing internal friction.  As weight rises, vehicle efficiency tends to drop; power plant 
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contributions to weight can be direct or indirect.  Direct weight is simply mass, indirect weight is the 

mass of attendant supporting structure and hardware required to service a given power plant volume.  An 

efficient powertrain will be both light and compact. 

 Of course, Henry Ford wanted to build a car that everyone could afford and operate and 

succeeded beyond his wildest dreams with his Model T.  Since he would hardly notice the gain or loss of 

a sum equal to the entire Bugatti works output, we can suppose there is much in favor of tailoring 

solutions to the customer’s behavior rather than expecting customers to tailor their behavior to the 

product.  

 The natural condition of the steam car engine being stopped frequently when in stop-and-go 

traffic means that the vehicle’s essential powered auxiliaries -- the power steering pump, the power 

brake vacuum pump, the air conditioning compressor and alternator (especially now with all the 

electronic toys so in demand), must be kept running. Stopping a direct drive steam car stops the main 

engine and any auxiliary systems driven off the engine.  This situation has plagued steam car developers 

since the beginning of the breed, particularly those having rapid response “flash” steam generators with 

minimal water content. A solution must be found and it is not an easy one.   

 IC car engines normally run the auxiliaries even when the car is at idle because they remain at 

idle, but not so with the typical steam car.  The steam generator water feed pump, alternator, condenser 

fan and vacuum pump operation can be intermittent, depending on the steam generator design. Steam 

generators having a reserve capacity consisting of stored steam and hot pressurized water possess a 

desirable ability to provide some sort of a cushion when the car is stopped. Such reserve water capacity 

may eliminate the need for separate driven units, a very tricky situation for the designer when 

considering all possible road usage. Length and frequency of stops and water consumed restarting are 

the important questions. Having a reasonable amount of water in the steam generator in many cases 

provides this cushion that can supply water until the main feed pump is again running fast enough to 

quickly replenish the supply. This is precisely where extensive hands on experience with many various 

steam cars become of critical value and importance. The burner air blower and fuel pump must be 

independent anyhow and these are powered by an electric motor using the battery.   

 A number of solutions can exist and perhaps more than one should be employed depending on 

the task.  Some modern IC automobiles use electrically operated power steering and brakes, such 

systems are far more efficient because there is no need to run a pump continuously, energy is only used 

in the amounts needed at the time of demand.  The question then becomes one of reliability and cost. 

 However, one author notes that all this electric consumption in the modern automobile is directly 

attributed to the addition, wanted or not, of countless rumpus room toys for the amusement of children 

and to satisfy continuous government uneducated meddling in automobile design and use. It has nothing 

to do relating to getting from point A to point B and back again in comfort and safety and in a sports car, 

with great enjoyment simply in the pleasure of the drive. 

 A favored solution first seeing great success in stationary and marine usage is to install separate 

small steam engine(s) to power auxiliary units. The need for such auxiliary engines seems to vary in 

inverse proportion to the amount of useful steam generator reserve; monotube steam generators with 

little reserve nearly demand one, steamers having large, drum-like boilers, such as the Stanley, do well 

without such units. The history of steam cars has shown that separate engines best drove ancillary loads, 

usually at a 10% premium in steam (and accompanying fuel) consumption.  It has usually been felt that 

the convenience overrides this extra steam demand and slight added fuel consumption.  Such a penalty is 

not set in stone.  More efficient auxiliary expanders, recuperating exhaust steam energy, selective use of 

‘best fit’ auxiliary steam engines and electrically driven systems along with the nature of vehicle service 

and steam generator design and operating are all important factors in determining how auxiliaries are 

powered. No one said that designing a good steam car was an easy task, for it most certainly is not. 



 29 

 Russell R. Waterman devised an ingenious device for monotube steam generators, a special feed 

water pump driven by either water or steam, depending on the steam generator water level at the point in 

the generator from which the pump supply was taken.  If the steam generator water level was below the 

takeoff point, the dry steam delivered to the pump caused it to operate at high speed, increasing the 

generator water level. If the takeoff point was submerged, the pump could still operate on the 

pressurized water but the operating speed was insufficient to prevent the water level from falling. With 

these characteristics the level is maintained close to the desired level established by the takeoff point.   

 The Waterman system is one of the simplest all mechanical feed and control arrangement ever 

invented; personal observation of one steam generator so equipped confirmed the operational 

excellence. It is ideally suited to use with a Lamont steam generator. However, the use of the Waterman 

control system with very high steam pressures is unknown at this time, seemingly a matter of how the 

pump is designed. His patent should be consulted for further study of the concept, #2679832.             

The Waterman system special feed pump, which may be duplexed to always insure reliable starting 

notwithstanding, should be given very serious consideration over all other control concepts, especially in 

combination with a Lamont seam generator. The combination offers potentially excellent reliability and 

doesn’t need any computer or electrical interface to do the job properly. Of course Waterman steam 

pump’s exhaust is routed to a feedwater heat exchanger to return the otherwise wasted heat back into the 

cycle. 

 It is interesting to note that the better steam car builders ultimately went to a separately driven 

water source for their steam generators that was independent of the main engine running. The Series F 

Dobles, the Scott-Newcomb, Endurance, Staley and the French Serpollet with its “Petite cheval” are 

good examples. The designer does have some choices.  

 Packaging all the auxiliary loads into one steam driven unit with an electric motor assist at times 

is one solution that is well known. This entire subject is one very complicated problem and requires a 

competent and thorough energy balance determination and some very hard decisions before the selection 

is made. The auxiliaries and their drives must obviously be as efficient as possible, meaning some very 

serious engineering expertise and experience is demanded when designing this entire auxiliary system.  

For it is so critical to the systems success that poor designing can and has ruined quite a few new steam 

car projects just because of lack of knowledge and experience led to faulty designs and decisions and 

systems failure.    

 The need to vaporize water into steam understandably receives great attention; the problem of 

condensing the engine exhaust steam back into water for reuse in the boiler undeservedly receives less 

attention.  Condensing steam cars typically employ air cooled condensers that are little more than 

modified IC automobile radiators; steam passing through tubes gives up its heat to a series of tightly 

spaced fins attached to the tube, which in turn reject the heat to the air.  Although similar to automotive 

radiators, they are much larger for two reasons.  First, due to the heat of vaporization, the steam must 

give up more heat to the air than must the same weight of water.  Second, steam is less dense and 

thermally conductive than water and therefor does not transfer heat as efficiently.  It is hardly surprising 

that water is a better coolant than steam and the key to steam automobile condensing is to embrace this 

fact rather than seek ways around it.  Direct contact condensers are very old devices dating back to 

James Watt, although not used in steam automobiles.  They can be as simple as a sealed chamber in 

which cooling water and steam freely intermingle, the steam condensing as it gives up part of its heat to 

the water.  The condenser discharge is just hot water, part of which can be directed back to the steam 

generator by way of the feed pump.  The remaining water, the coolant, is too hot to serve as a coolant 

and passes through a radiator to reject its heat to the atmosphere before reuse in the condenser.  
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STEAM ENGINES EXACTLY MATCH THE TORQUE REQUIREMENTS OF THE 

AUTOMOBILE 

 Modern internal combustion engines have good-to-excellent expansion ratios; the gasses 

produced by combustion are expanded by a relatively large amount so as to extract energy efficiently.  

Larger expansion ratios lead to lower Mean Effective Pressure (MEP) the average pressure working 

against the cylinder throughout the power stroke.  Simply put, higher efficiency leads to lower torque.  

Despite what some steam enthusiasts appear to believe, steam engines obey the same basic laws and 

principles.  Whereas IC engines have fixed expansion ratios, most steam engines are designed to have 

variable ratios, this is accomplished by varying the proportion of the power stroke during which steam is 

admitted to the cylinder.  If the steam admission is ‘cut off’ early in the stroke, the steam expands more 

completely and transfers more of its energy to the piston; but this greater expansion leads to lower MEP.  

This ‘short cutoff’ produces higher efficiency and lower torque.  Doing the converse, cutting off the 

steam admission later in the stroke (long cutoff) produces great torque and relatively low efficiency as 

steam of higher pressure is discarded out the exhaust. However this is usually of very short duration. 

 Steam engines are usually designed, or should be, with sufficient cylinders so that in long cutoff, 

at least one cylinder will be receiving steam when the engine is at rest, this makes the engine self-

starting.  Unlike IC engines, the crankshaft does not have to be turned by hand or an electric motor to 

start the engine.  The IC engine absolutely requires a clutch or torque converter to disengage the engine 

from the wheels to facilitate starting and idling at a stop. Since steam engine torque in long cutoff, like 

an electric motor, can be at maximum is highest when first starting out; a direct drive steamer can use 

this surprisingly massive amount to provide rather startling acceleration. While both steamers and 

electric motors can exhibit maximum torque from a start, the amount of torque can be miles apart. Most 

current electrics produce some 200-400 pound-feet of torque while vintage steam cars often produced 

over 2,000 pound-feet at the crank and with a typical differential gear ratio of about 1.5 to 1 this could 

exceed 3,000 pound-feet at the wheels. Compare this 2,000 pound-feet to the most powerful road car 

today, the Bugatti Veyron Super Sport with a 16 cylinder engine that develops 1106 pound-feet of 

torque. While the Bugatti has to use a multi speed transmission the steamer doesn’t need one. Plus, 

driving around in one of these Italian super whoopee cars in the lower gears is not done at high power or 

for long, as one EB-110 Bugatti owning acquaintance found out, the transmission blew up. Three 

months and $23,000.00 later, he was driving again.    

 This isn’t to imply that a 1920’s Doble can outrun the Veyron, is it?  This is hardly the case.  This 

is where transmissions come in play.  Having low average MEP, internal combustion engines typically 

produce their power by operating at higher RPM, they require a multi-speed transmission to start and 

accelerate strongly. Early ‘crash box’ automatic transmissions had just two speeds, a low gear for 

starting and a higher one for cruising, the Buick DynaFlow and Chevrolet PowerGlide.  Performance 

and economy were improved by adding more speeds to make the automatics more similar to manual 

transmissions, today computer controlled six, seven or now ten speed automatic transmission of 

considerable complexity and cost match rpm and torque across a wide range of speeds.  

 Back to the Bugatti Veyron, as noted, the Doble generates about 50% more torque at the wheels 

than at the crankshaft due to the step down reduction gearing in the differential.  The Bugatti has a much 

larger 3.64 to 1 mechanical advantage at the differential and multiplies this by the transmission’s first 

gear mechanical advantage of 3.18 to 1.  Assuming 5.6% transmission losses, about average today, the 

peak torque at the wheels is about 12,075 pound-feet; allowing the car to reach 60 mph in about 2.5 

seconds while the overdrive gearing permits a top speed of over 250.  However, one does not stay in low 

gear or the lower intermediate gears for long.  At a price of some $2,700,000.00 each, the ‘Veyron Super 

Sport is not considered to be any benchmark vehicle except for demonstrating exceedingly high excess. 
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Only usable perhaps as a platform for demonstrating their engineering department’s technical 

excellence, since Volkswagen owns the Bugatti name and firm.  

 The differences between IC and steam engines can be exemplified by how the vehicles are 

reversed, IC automobiles use a reverse gear in the transmission to cause the car to back up while the 

engine continues to turn; all but a handful of steamers shift the admission valve gear 180 degrees out of 

phase to stop the engine and then cause it to run backwards.   

 None of the above is meant to imply that steam engines must use variable cutoff, nor must they 

be directly connected to the wheels or that they can’t have transmissions.  It does mean that the designer 

has these choices at hand when tailoring the power plant to the vehicle and the intended use.  Take the 

Post Office as an example; they have numerous delivery vehicles that may operate all day covering just 

a few feet at a time.  A self-starting, long cutoff engine would allow the delivery truck to inch along 

making deliveries while saving the fuel that would normally be wasted in idling.  The Post Office also 

has long distance trucks that carry bulk mail from city to city.  Self-starting is of minimal value in this 

application.  Likewise, a multiple speed transmission might be desirable to allow the engine to run at 

higher rpm and shorter cutoff to maximize efficiency on the freeway. 

 These qualities of these gearboxes haven’t been noticed only by the IC vehicle builders.  Some 

electric cars now have transmissions because, although the electric motor torque is flat across a range of 

speeds, the motor efficiency isn’t.  Rather than cramming in more batteries, some developers have found 

they can increase electric range by adding a transmission to keep the motor operating closer to its best 

speed.   

 The aforementioned White steamer is arguably the most refined steamer ever built, even 

surpassing the later Doble in many ways.  The White had a 2 speed transmission, allowing the car to 

develop more torque when the situation demanded while likewise permitting the engine to run more 

slowly and easily at cruising speeds. Some later experimental vehicles even had no adjustable steam 

cutoff, they were set to run only in short cutoff and required a transmission just to even operate; a 

feature which killed off the wonderful feel of driving a steamer but perhaps keeping more in line with 

the mission of building a car more focused on improving fuel economy, itself now a nebulous goal 

overall. 

 So far, we can reach no firm conclusions, absolutely none.  Steam engines are SUPREMELY 

FLEXIBLE power plants capable of performing a wide variety of tasks.  Attempting to confine them to a 

single set of criteria is to overlook much of the cycle’s utility.  Let’s instead look at a few basic types of 

vehicles and examine how steam plants might be integrated, keeping in mind that different designers and 

manufacturers will have different needs and priorities.  Possibly the easiest product for which to make a 

business case is a limited production luxury personal car; the selling point would be the massive torque 

and effortless acceleration, environmental greenness, silence and exclusivity.  In other words, you would 

sell the car on its intangible feel rather than attempting to make an economic justification.   

 There is a modest, but thriving, market for very expensive and unique cars built in limited 

numbers; it is a bit paradoxical that cars costing a million dollars are much cheaper to build than those 

costing twenty thousand, but it takes enormous capital to assemble the resources to mass produce in 

quantities that push prices so low. Especially when compared to building only a few per year by skilled 

craftsmen one at a time. Ego gratification and burning oneupmanship keeps these boutique builders in 

business.  Cars built in such limited numbers are also less restricted by the CAFE (Corporate Average 

Fuel Economy) laws and the designers would have more choices than would those of larger companies 

that are compelled to meet the standards.   

 The Grand Tourismo might best exemplify such a machine. This is meant to be taken in the older 

sense of the term, a fast moving car meant to cover long distances comfortably at high speed.  The Doble 
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machines probably best exemplified this ideal, though it can be argued that the Whites were earlier 

equivalents.  We can assume that pure economy is not a primary design goal, and perhaps that this car is 

better suited for limited production manufacturers not subject to CAFÉ requirements.  This frees up 

using longer cutoff for fast getaway, combined with shorter cutoff at speed.  This might be a good place 

to put a 2 speed gearbox that can be shifted on the fly, either a manual with synchromesh and a clutch or 

better yet a two speed automatic not all that dissimilar in concept to that on many 1950s automobiles, 

DynaFlow and Power Glide and the Can Am Chaparral race cars. Cars like the White and Doble had a 

majesty pulling away from a stop and pulling smoothly up to speed, this is certainly just as achievable 

today; but the 2 speed transmission would allow even greater torque for starting as well as even slower, 

smoother engine operation at a high speed cruise.  The gearbox isn’t necessary to the concept by any 

means, but it might add an even greater feeling of elegance to what is already a magnificent driving 

experience.   

Examples of other applications and potential means of implementing them include: 

  Postal and local city delivery truck.  This machine is going to mostly be engaged in stop and go 

driving, and even when moving will not usually be going very fast.  The steam engines ability to 

completely stop without idling and then restart instantly is of great value here, especially in terms of the 

cost in fuel savings.  Since fuel savings are important, we probably want to find a cutoff position capable 

of self-starting but still not too wasteful.  The lower MEP this entails can be effective if the final gearing 

provides a larger than typical mechanical advantage.  Such trucks sometimes need to traverse a matter of 

miles at typical city speeds, especially when between the central post office and the route, a second gear 

reducing the overall mechanical advantage might be valuable to allow the truck to move a bit more 

freely at these speeds; in the interests of saving weight and cost, the transmission could be a simple two-

way dog clutch that can only be shifted while the engine is stopped.  It will never be a lively vehicle 

taking off from a standing start in second but postal vehicles shouldn’t be racing, anyhow.  

 Economy car, sedan.  If alternative fuels become available and very economical, steamers might 

make good choices for economy cars and sedans.  If economy is of prime consideration, the steam 

power plant might start to take on many features associated with IC engines.  A fixed, short cutoff valve 

gear might be employed to reduce steam usage while a multispeed transmission will help keep the 

engine closer to its most efficient speed.  Possibly even more radical steps might be taken such as 

cylinder deactivation found on some newer IC cars; steam engines become less efficient as the steam 

pressure to the cylinder is reduced by the throttle.  By deactivating cylinders the power would be 

developed by the fewer remaining cylinders, which would be forced to operate at higher more efficient 

pressure. 

 Sports car, muscle car.  Strangely enough, these might fall close to economy cars in the way of 

basic power plant architecture.  It might not be out of line to think of a high performance sports car as 

being an economy car with far too much power to be economical, making the most of the “whoopee” 

factor..  Even sports cars have finite amount of power and the goal is to utilize that power as efficiently 

as possible to produce highest acceleration and top speed.  Think of it this way, if the sports car steam 

generator can produce 400 HP at long cutoff and inefficient high torque, it should be able to produce 

much higher horsepower at more efficient short cutoff.  Since the torque at this shorter cutoff may be 

inadequate, the engine will likely have to be smaller and turn faster to keep the engine size and weight 

within limits and the use of an IC engine multi-speed transmission might be the best bet to most 

efficiently utilize engine torque across a wide array of operating conditions. 

 Agricultural, tractors.  This might possibly be one of the most attractive fits for steam power in 

the short term.  Farms need vehicles with loads of torque, and the steamer delivers.  Farms also often 

have large amounts of solid biomass literally lying about; a machine designed for solid fuel firing could 

take advantage of this and provide useful service while reducing expensive fuel purchases.  The idea is 
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certainly not new; steam driven traction engines saw widespread agricultural use before and just after 

the advent of mass produced IC engines.  Some of the last steam tractors, the Bryan and experimental 

models by International Harvester, looked and acted much like their IC engine counterparts rather than 

the huge, cumbersome traction engine.  Such tractors might have a clutch to allow the main engine to 

drive a PTO (Power Take Off) without moving the vehicle or they could be fitted with an auxiliary 

engine meant to do little other than drive the takeoff shaft.  Having a boiler to provide the source of 

power gives additional design options. 

 Airport service vehicles.  There might be an advantage to passenger busses, luggage tractors, fuel 

trucks and other service vehicles capable of running on the jet fuel readily available at airports.  It would 

simplify fuel purchase, storage, distribution and accounting.  Travel distances and speeds aren’t great, 

direct drive with variable cutoff is probably more than adequate. 

 Tourist observation busses.  These carry passengers to see the sights around local tourist 

destinations.  Typically there is either a guide or a canned lecture describing important or interesting 

scenery along the way; the near utter silence of a condenser equipped steam powered bus would reduce 

the background noise, making presentations more enjoyable. Either a fixed gear ratio for low speed 

operation or a two speed, dog clutch such as described earlier might be good choices for this particular 

use.   

 Golf carts and fork lifts.  At first blush this might seem an unlikely duo, but both are typically 

electric driven machines which take advantage of high starting torque for simple and quiet stop/start 

operation. In these applications the greatest disadvantage of electric drives is the amount of time the 

vehicles are off-line for recharging and the problems associated with establishing adequate charging 

stations. Along with being stranded on the 12
th

 hole by a dead battery when you are trying to impress a 

client.   

 Some forklifts and golf carts use IC engines, adding noise and pollution to either an already 

noisy factory environment or intruding on the quiet of the golf course.  All of these issues could be 

addressed by readily refueled, silent, direct drive steam engine having no gear box and the simplest 

possible shifting eccentric valve gear that would provide a forward and reverse capability. 

 

THE BATTERY ELECTRIC CAR VS, THE STEAM CAR, A COMPARISON. 

 In the beginning of the automobile era, the power source was certainly not established.  The 

gasoline internal combustion engine, the steam engine and the battery electric cars all competed in the 

market place for dominance.  Until around 1905 or so, the steamer was the most reliable and the little 

buggies like the Stanley, Locomobile, Mobile, White and a host of other short lived makes were 

becoming a common sight in major cities.  

 Steam was a very well established power source for rail and marine transportation and for all 

sizes of industry from neighborhood shops, newspapers, machine shops, on up to the largest industry. It 

was the accepted source, understood and trusted.  Commercial electricity was making steady inroads by 

then; but not everyone had access to it until a bit later. 

 The battery electric car was the preferred vehicle for town use, silent, odor free, easy to use and 

the favorite for businessmen, doctors and adventurous ladies. The city of New York saw the first of these 

battery electrics in the form of cabs starting in 1897. By 1900 some 30% of vehicles in town were 

battery electrics, in the form of elegant glass enclosed carriages with brocade upholstery and of course 

the requisite bud vase. Baker, Detroit Electric, Rausch Lang, Riker and others were makes that were 

well received.  Detroit Electric lasted the longest until 1939 and used the 1936 Dodge two door sedan 

body, unfortunately loosing the Victorian charm of the earlier coupes and broughams.  The Harrah 
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collection had one and an earlier version, as did several other major car collections. 

 While growing up in Oakland California, the author often saw a magnificent Detroit Electric 

Brougham, driven by a proper and very formidable and regal matron on her shopping excursions, gloved 

hand on the tiller and of course with the large flowery hat with the requisite little stuffed bird. Hers even 

had the swiveling front seats so four could ride in silent comfort. Actually very nice to talk to and she 

was quick to inform one that this was her third Detroit Electric, as she would have nothing to do with 

those “odorous gasoline motorcars.”  

 The dawn of the 21
st
 Century witnessed a steady increase in the number of battery electric cars 

on the market. The revival of this old automotive power source was occasioned by a serious need to 

reduce pollution and global warming, plus the reduction of petroleum oil consumption for powering 

vehicles. Personal experience with several has demonstrated their good adaptability for town use. 

 In 1958, congress established the Morse Committee to give the stamp of approval to the battery 

electric car as a means of reducing air pollution, only to have considered research show it was simply 

not a viable idea. In place of the electric, the Committee chose the steam car as an acceptable power 

source to reduce pollution thanks to the potential it has of clean burning of the fuel. However then, the 

lead acid battery and the Edison nickel-iron battery were the only ones commercially available and just 

could not provide the range expected.  

 Today there are many more types on the commercial market, which revived the electric car once 

more. The old standby has been the lead acid; but it is the least desirable for many reasons. 

 A brief listing of the four battery types used in past electric cars might be useful when comparing 

their characteristics: Lead acid, Edison nickel-iron, Nickel-cadmium and finally the lithium-ion polymer. 

Today, dramatic advances in that battery are making the electric car a good substitute for town and 

limited urban use. 

 Each battery has its own good and bad features.  The reader is encouraged to investigate each 

one and a host of others available on Wikipedia. 

LEAD-ACID SECONDARY BATTERY 

Specific energy (Watt-hours per kilogram) 33 - 42  

Energy density  (Watt-hours per liter) 60 – 110  

Specific power (Watts per kilogram) 180 

Charge/discharge efficiency (%) 50–95 

Self-discharge rate (% per month) 3–20 

Durability (cycles) 500–800  

Nominal cell voltage 2 

EDISON NICKEL-IRON SECONDARY CELL 

Specific energy (Watt-hours per kilogram) 22-25 

Energy density  (Watt-hours per liter) 30 

Specific power (Watts per kilogram) 100 

Charge/discharge efficiency (%) 65 – 80 

Self-discharge rate (% per month) 20 – 30 

Time durability (years) 30 – 50 

Cycle durability Repeated deep discharge reduces life insignificantly. 

Nominal cell voltage 1.2 

NICKEL-CADMIUM SECONDARY CELL 

Specific energy (Watt-hours per kilogram) 40–60 
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Energy density  (Watt-hours per liter) 50–150 

Specific power (Watts per kilogram) 150 

Charge/discharge efficiency (%) 70–90  

Self-discharge rate (% per month) 10 

Durability (cycles) 2,000 

Nominal cell voltage 1.2 

LITHIUM-ION POLYMER SECONDARY BATTERY 

Specific energy   (watt-hours/kilogram) 100–265 (0.36–0.95 megajoule per kilogram) 

Energy density (watt-hours/kilogram) 250–730 (0.90–2.23 megajoules per liter) 

Specific power (Watts per kilogram) about 250 - 340  

Charge/discharge efficiency (%) 80–90 

Self-discharge rate (% per month) 

8 at 21 °C 

15 at 40 °C 

31 at 60 °C 

Durability (cycles) 400–1200  

Nominal cell voltage NMC 3.6 - 3.7 , LiFePO4 3.2  

  

  

 The most commonly asked question is ‘Just why is the battery electric now considered to be 

acceptable?” and the answers are that the vehicle itself is pollution free, has high torque, is silent and is 

mechanically simple and certainly the batteries are much better now and offer an acceptable range. 

There is one other singular feature found in the battery electric car, regenerative braking. Where 

stepping on the brake pedal changes the drive motor to a generator and feeds current back into charging 

the battery. This does extend the range on a charge depending on the terrain.         

This is a noted and desirable feature, because vehicle manufactures persist in tacking on more playroom 

gadgets to distract the driver. Considering the owner is not going far past his particular city limits, who 

needs GPS navigation, air conditioning, heated or power seats or anything beyond a good music and 

communication system?  The battery electric car is for local transportation, shopping errands and 

picking up the kids from school or taking them to soccer practice.    

 Compared to the gasoline or Diesel car with its complex automatic nine speed automatic 

transmission and hundreds of precision moving parts, the electric is light years simpler and cheaper to 

manufacture.  The motor has one moving part, the rotor and it is followed by one set of reduction gears 

to the differential and wheels and that’s it.  

 The torque characteristics of the drive motor are identical to the steam car. The power is stored in 

the battery and the motor is simply a converter of that energy.  This torque is not as massive as what a 

steam engine can deliver; but it is measured in hundreds of ft/lbs quite similar to the modern small V-6 

or four cylinder engine and is available as soon as the current energizes the motor. No transmission is 

required, although while the torque curve is fairly flat and constant the efficiency curve is not, so using a 

two speed transmission in hilly country is advantageous. One other reason is that when electric motors 

are subjected to big overloads, they slow down and at the same time draw much more amperage.  Heat 

buildup quickly follows and unless this overload is reduced, sautéed armatures result and sometimes 

fires.  Early delusions about using printed circuit motors in each wheel drove this heat problem hone. 

 The early electric cars used DC motors, while the modern versions use AC induction motors. 

During the Lockheed flywheel bus program, motor analysis showed that the ideal was a three phase 400 

cycle motor. The higher frequency permitted a nice reduction in the iron content and was smaller and 
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lighter than the 60-cycle version.  Battery voltage in the vintage electrics was commonly 96 volts, while 

the new cars go a lot higher around 140-300 volts. Higher voltage also means that even under a big load, 

the motor draws less amperage than a low voltage system would, saving the amount of heavy cabling 

needed.  

The motor speed control has progressed from multiple contacts on the throttle lever to a pulse 

width modulated solid state controller.       

  

 

The one thing limiting these early electrics was range; battery capacity was inadequate much 

beyond thirty or forty miles without recharging and that took hours.                                                     

 In 1912 Thomas Edison and Henry Ford collaborated on developing the “perfect” battery for the 

electric car. What evolved was the Edison nickel-iron battery that was as close to being indestructible as 

any battery could ever be. The cell could be badly abused and survive intact, something the lead acid 

battery would not tolerate. The rest of the car was rather simple, a DC motor driving the rear wheels and 

a sequential contact controller with various resistance grids to control the speed.  Elegant matching 

Weston volt and amp meters and often a Sangamo amp hour meter that served as the car’s gas gauge 

completed the instrumentation.   

 After perhaps 1925 with rare exception these elegant electrics were either scrapped or left 

moldering in their carriage houses. No one wanted them and no one would put up with the limited range 

and leisurely speed or the long charging time. The gas car had quickly eclipsed them long ago and they 

became unwanted orphans. Only when WW-II and gas rationing started were any surviving electrics and 

un-rationed kerosene burning Stanley steamers gleefully revived and seen in use again.  

 When I first joined Lockheed, one fellow lab partner was disposing of his mother in law’s 

Berkeley estate. He mentioned two old cars in the carriage house and asked “Do you want one or both of 

them for $75.00 each?”  And so we went to look. One was a nearly new 1936 Ford coupe; but the other 

one was her magnificent 1919 Detroit Electric Brougham, complete with Edison batteries and a 

formidable GE mercury vapor arc rectifier to charge it and one very dried out and wilted rose bud in the 

cut glass vase. Like an idiot I bought only the Ford. 
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 This basically was the situation until air pollution became a national issue and Congress and 

several states started investigations, egged on by delusional environmentalists, on what could be done to 

minimize if not eliminate air pollution.  Then intensive research was funded to find a secondary battery 

that could give a vehicle a respectable range, be commercially viable and be manufactured in sufficient 

quantity to support this hoped for major increase in battery electric vehicle use.  

The naïve environmentalists leaped on the electric car as the solution, being “Pollution free”, 

which it most certainly is not.  While the actual vehicle is clean the pollution has only been transferred 

to the power plants that supply our electricity. Fortunately, these power plants are able to clean up their 

fuel burning, primarily coal and natural gas, as being so large and stationary, they can install the 

equipment while passing on the costs to the consumer.  Tinker Bell does not live in the wall plug.                        

Several electric vehicle makers continue to promote this illusionary “pollution free” business, depending 

on the naivety of the buying public. 

 What is most interesting to watch is how long it is going to take for the Federal Government and 

the States to figure out that should the battery electric car really become a major part of the car dealer’s 

sales, they have lost the road tax revenue they put on gasoline.  Then, just how long will it be before 

your home battery charger gets its own meter and the road tax is slapped on that electricity 

consumption? Solar cell charging is fine; but what do you do if the car is in service during the day?  

 A secondary application of the electric car concept is the plug in hybrid car, where the battery 

and electric motor are used as range extenders for the gasoline engine.  Not dissimilar to the belt and 

suspenders approach. First used in the Porsche-Lohner gasoline electric vehicles around 1900, a 

combination of a generator driven by a gasoline engine, a battery and electric motors in each wheel. 

Another version was a pure battery electric. The GM VOLT is the most sophisticated version and has 

been a technical success, so much so that the principal is being used in other GM vehicles.   

Most of the world’s major manufacturers have introduced either pure battery electric or hybrid 

electric cars.  GM, Ford, Mercedes-Benz, Tesla, Nissan, BMW and Fiat are all now seeing acceptance 

and sales of their electric cars. 

 One of the most appealing battery electrics was the BMW MINI-E, a nice conversion of the very 

popular Mini.  A longer range than any other electric, good speed range, just the right size for town use 

and the suggested price was attractive. Unfortunately BMW ended the testing phase with the Mini-E and 

substituted a bizarrely styled for door version.  In one author’s opinion, this is a very poor marketing 

decision.   



 38 

 After many false and sometimes really dangerous and impossible starts, like the Ford molten 

sulphur battery, the lithium based cell evolved into a more viable alternative to any other type of battery.  

There is a fire danger under certain circumstances with use of the lithium-ion polymer battery. 

Lithium is one of the alkali metals like potassium and sodium and explodes and catches fire when 

exposed to water. Fire Departments have to use other means of extinguishing a lithium fire. 

 During discharge and especially charging, the battery must be carefully controlled. If overheated 

or overcharged, Li-ion batteries may suffer thermal runaway and cell rupture. In extreme cases this can 

lead to combustion. Liquid cooling is much preferred due to it easily flows around each cell, while 

similar airflow is difficult to always obtain.  

 To reduce these risks, lithium-ion battery packs contain fail-safe circuitry that disconnects the 

battery when its voltage is outside the safe range of 3–4.2 V per cell.
 
When stored for long periods the 

small current draw of the protection circuitry and the self discharge rate may drain the battery below its 

shutoff voltage; normal chargers may then be useless. Many types of lithium-ion cells cannot be charged 

safely below 0 °C. There have been a number of fires with lithium-polymer battery powered cars and 

Boeing had several cargo hold fires in their new 787 aircraft, from these batteries. The battery is now 

fitted with current and voltage regulators to prevent damage from overcharging. 

 Other batteries can also suffer cell reversal when totally discharged and then subjected to a heavy 

charging current.  Cell explosions and fires are known.  Correct and religious battery maintenance is an 

absolute requirement with any of these batteries.  

 U.S. Secretary of Energy Steven Chu addressed the United Nations Climate Change Conference 

in Cancun and suggested that, for battery powered cars to replace those powered by fossil fuels some 

very significant improvements would need to be made to current technology. 

Chu said at the time: “It will take a battery, first that can last for 15 years of deep discharges. 

You need about five as a minimum, but really six- or seven-times higher storage capacity and you need 

to bring the price down by about a factor of three.” Chu suggested it might take another five years before 

such a battery would be developed, and he was almost exactly right in his prediction. 

Two current developments are of high interest, the lithium-air battery and the nanotube lithium-

ion battery. Both have the potential of meeting the Secretaries predictions. The ongoing research in 

perfecting the lithium based battery is showing results.  The battery electric car is now a fact of life and 

seeing good sales. This will no doubt continue as the car does fill a need quite well. 

The battery electric car does fill a need for reducing air pollution and burning imported oil.  

Should the latest developments in lithium based secondary batteries actually become the improvement 

their developers hope for and see mass production, then the car will definitely fill a need as an alternate 

to the ever increasingly complex IC car especially for city driving.  One must be cautious in saying that 

these battery improvements will become commercial reality, there have been so many loudly trumpeted 

in the past thirty years that never saw the light of day. 

Saying that if realized these improved batteries will make the steam car completely redundant is 

a far overreaching conclusion, the steamer does fill a special niche unlike any other vehicle power 

source.  In the near future, the authors continue to research and work to see the steam car worthy of 

limited production become reality.      

 

 

 

http://en.wikipedia.org/wiki/Thermal_runaway
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EXPANDER CONFIGURATION 

Steam Engine design is a demanding topic for a number of reasons, not least of which is the 

sheer number of possible basic choices that are available.  The following section will hopefully provide 

an overview of the alternatives available to the engineer and, not surprisingly, some of the authors’ own 

preferences and observations. 

There are two criteria the designer must consider when designing an expander, for convenience we can 

classify these as “class” and “configuration”.  Class refers to the types of methods used to produce work from 

expanding steam.  Configuration is concerned with arranging hardware such that vibration and variation in power 

delivery is minimized. 

We can divide expanders into two basic classes, those which extract energy from expanding steam 

pressure applied against a movable surface and those freely expanding the steam to high velocity and then 

extracting work by transferring the steam momentum to the engine.  The first class is most commonly represented 

by the reciprocating piston engine although rotary engines such as the Wankel are not unknown. The second class 

is generally referred to as turbines. 

Reciprocating Engines 

Steam admission valves    

One way to classify reciprocating engines is by the type of valve used to admit steam into the cylinder.  

There are generally three classes of valves; sliding, rotary and poppet with seemingly countless variations within 

these classifications.   All of these valves work well when used within certain circumstances but not all are 

desirable for the high temperatures and pressures the authors contemplate.  Rotary (or oscillating) valves, in 

particular, suffer under extreme conditions because the high temperatures cause thermal expansion; causing parts 

to bind, forcing leakage past the valve or producing excessive friction between the parts.  These valves demand 

plentiful lubrication, leading to the potential for oil contaminating the boiler and an increased risk of engine 

damage from decomposing oil.   

Sliding valves are typically plates with pockets cut into one face, the plate moves back and forth over 

ports, directing steam to the cylinder.  Steam pressure forcing the plate against the ports provides a reasonable 

seal but plentiful lubricant is necessary to control friction, again raising the problems of oil decomposition and 

boiler contamination.  For our purposes, the piston valve is a more practical variation.  This also consists of a 

pocketed part moving against a ported surface.  In this case the sliding and stationary parts are a piston and 

cylinder, respectively. Piston valves require less lubrication as the steam pressure acts equally around the piston 

placing little pressure against the cylinder wall.  Piston rings provide a seal without having large surfaces in 

moving contact but leakage can still be significant since these rings are under full pressure at all times.  Both 

sliding and piston valves tend to have larger passages between the valve and the engine cylinder; this increases 

the undesirable clearance volume as well as the potential steam turbulence and flow resistance in the passages. 
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Classic slide and piston valve engines usually 
(but not always) employ a single valve to both 

admit and exhaust the steam; this is a bad 
choice as shown by the facing illustration:  The 

upper left drawing depicts hot admission 
steam (red) entering the steam chest to the 

left and exiting to the cylinder via the port on 
the right, the smaller arrows show heat from 
the steam permeating the valve.  The upper 

right hand drawing shows cold exhaust steam 
(blue) as it exits the cylinder and passes out of 

the engine through the round port in the 
center; small arrows represent heat flowing 
from the valve material into the departing 

steam. 
 

 

     This intermittent heat transfer from hot steam to the valve walls and then into the exhaust effectively 
bypasses heat around the cylinder, this energy produce no work and is the cause of cylinder 
condensation and re-evaporation, one of the most significant traditional steam engine losses.  For this 
reason, steam admission and exhaust should be through separate valves, the authors would never 
contemplate the above design unless nostalgically replicating a historic engine. 
 
     There are a number of reasons the authors favor poppet valves for steam automobiles. The poppet 
valve is fundamentally different from slide and oscillating valves; instead of sliding or rocking over a seat 
to uncover a port, the poppet valve consists of a tightly fitting head that lifts from the seat with a 
movement perpendicular to the port. The main advantage of the poppet valve is that it has no 
movement on the seat, thus requiring no lubrication.  When properly designed, steam pressure pushes 
the valve closed and produces a tight seal.  Poppet valves can contribute almost no clearance volume to 
an engine if installed in the cylinder heat.   
 
     Poppet valves have been used throughout the history of steam engines but found less popularity than 
sliding/piston and rotary/oscillating valves.  This is undoubtedly a matter of historical circumstance, 
poppet valves require better metallurgy and machining which did not arrive until near the end of small 
steam engine production; just in time to make poppet valves almost mandatory for internal combustion 
engines.  
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Steam Exhaust.    
 

     Expanded steam departs the cylinder in two ways, either through a valve in the same cylinder head 
from which it entered or through ports the piston uncovers as it reaches the end of the expansion 
stroke.  These counterflow and uniflow designations describe the steam flow. 
 

 
 

The above drawing shows an admission valve passing into the cylinder as the piston passes top dead 
center.  The steam expands, pushing the downwards, until reaching the bottom of the stroke.  At this 

point the exhaust valve opens, allowing the piston to expel steam from the cylinder as it rises. The 
exhaust valve closes prior to the piston reaching the top of the stroke, compressing whatever steam 

remains in the cylinder.  We call this “counterflow” since the steam enters and leaves the same end of 
the cylinder. 

 

 
Here we see steam entering through a solitary admission valve as the piston passes top dead center.  
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Expanding steam drives the piston downwards until the uniflow exhaust port is uncovered. Steam leaves 
the cylinder as the piston passes bottom dead center until it returns upwards to cover the port at which 
point the remaining steam is compressed for the remainder of the stroke. The name uniflow comes from 
steam entering the cylinder at one end and leaving at the other. 
 

 

 

Two topics are almost guaranteed to promote discussion 
(argument) among modern steam car advocates; one of 

these is the relative merits of counterflow versus uniflow.  A 
bystander overhearing the vigor of such debates might 

assume the impossibility of all reciprocating steam engines.  
In truth, reasonable arguments exist for both, depending on 
the designer’s goals.  Uniflow engines date to the mid 1800’s 

but were only rigorously analyzed and promoted by Dr. 
Johann Stumpf in the early 20th Century.  He championed 

uniflow engines based on the similarity of their heat flow to 
steam turbines; incoming heat soaking into the cylinder 

head could not depart directly to the exhaust. 
 

 
     Stumpf made various claims, backed by extensive math and testing, to justify the stationary industrial 
uniflow engine to skeptical engineers.  His conclusions are highly definitive but they generally apply to 
engines using moderate steam conditions and having efficient condensing; even though the principles 
still apply it is questionable that one can assume the same relative gains when conditions are so 
different.  For example, uniflow engines really do carry less heat out the exhaust BUT the highly 
superheated steam preferred in an automobile transfers heat less readily to the engine walls than the 
much cooler steam employed in Dr. Stumpf’s industrial engines.  His point still holds but the advantage 
is less pronounced. 

 

It appears that most of Dr. Stumpf’s claims center on engine clearance volume and the effects of steam 

recompression; his writings show that minimizing clearance volume reduces losses and that the bad effects of 

clearance can be partly offset by compressing steam remaining in the cylinder.  Best results are obtained by 

compressing the remnant steam in the cylinder until it matches the steam pressure entering the engine; an entirely 

reasonable assertion.  With effective water cooled condensers, sub-atmospheric exhaust pressures prevail and a 

small clearance volume is needed to provide the compression ratio needed to adequately compress this rarefied 

steam. As a practical matter, automobiles simply cannot develop such strong condenser vacuum because the 

condenser is ultimately cooled by ambient air.  With higher condenser pressures a larger clearance volume is 

required to prevent over-compression, erasing much of the gain found in many stationary (or nautical) uniflow 

engines.     

     Another reason for the uniflow debate is that supporters after Stumpf created some unrealistic expectations; 

notably the Williams brothers of Ambler, PA.  The Williams built a handful of steam automobiles with 

extraordinary claimed efficiencies; although sometimes called the “Williams Cycle”, these are clearly uniflow 

Rankine cycle steam engines.  Unfortunately it proved very difficult to verify any of the Williams claims due to 

their passion for secrecy, it is still a matter of debate today.   The controversy centers on their premise that 

compressing remnant steam in the cylinder to the high admission pressure caused the steam to reach even higher 

temperature than the incoming steam.  Mixing this hot compressed steam with incoming steam, it was argued, 
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produced a higher temperature mix which expanded so efficiently it more than recovered the energy lost in 

compression.  One inherent problem with this scheme is that an engine designed to recompress the steam to full 

boiler pressure will over-compress when lower, throttled pressure is supplied.  The Williams added a simple 

check valve to the cylinder head that relieved the excess pressure back into the steam chest, limiting but not 

reducing the wasted compression effort.  

Mathematically, the claim of high compression producing very high temperatures stands up; 

thermodynamic theory says one would see the temperatures described.  If these steam temperatures came from the 

boiler, there is no doubt that efficiency would be enhanced; unfortunately such temperatures exceed what 

metallurgy can supply.   Upon close examination we conclude there are no benefits beyond those you would 

expect from partially offsetting the effects of clearance volume.  The steam may be hotter but the mix is also less 

dense, there is less weight of steam to produce work.   We find no evidence that the “Williams Cycle” produces 

higher efficiency. 

From a driver’s standpoint, the pure uniflow automotive torque output is “lumpier” than the typical 

counterflow because the work expended compressing steam as the piston closes the exhaust port and approaches 

TDC strongly diminishes the torque.  The counterflow engine DOES allow more heat to flow from the admission 

to exhaust valve and thus invokes a penalty, but it has the potential to recover part of this loss because they can 

also reduce the bad effects of clearance by compressing steam back to the admission pressure.   Since counterflow 

engine exhaust is not controlled by the piston position it can commence compression far later in the stroke than a 

uniflow, thus requiring less harmful clearance volume.  The authors suggest that the uniflow/counterflow 

controversy is best dealt with by compromise; when both sides of an argument have vociferous supporters there is 

a good chance that both have valid arguments.   

Uniflow With Auxiliary Exhaust Valve. 
Some industrial uniflow engines employ an 

“auxiliary exhaust” valve that operates when 
condenser vacuum is insufficient, this ‘aux exhaust 

valve’ supplements the uniflow exhaust port by 
remaining open even after the piston blocks the 
exhaust port and closes later in the stroke.  By 
delaying the onset of compression the valve 

prevents over compression.  Steam automobile 
uniflow engines can be compared to industrial 
uniflow engines, since they never have good 

condenser vacuum this approach seems 
reasonable.  With the aux exhaust valve we retain 
uniflow exhaust for most of the steam, reducing 
the heat loss from to the exhaust.  While some 
heat is lost to the aux exhaust steam flow, the 

delayed compression permits smaller clearance 
volume which improves overall efficiency.  Drivers 
benefit because the torque curve is similar to the 
counterflow engine, smoother and less “lumpy”. 

 
 

 

Single and Double Acting Engines.    
 

     All the engines shown above are single acting; steam is admitted only to one side of the piston, as is 
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the case in most internal combustion engines.   Historically, steam engines are typically double acting, 
with steam being admitted to both sides of the piston. 
 

 

The drawing at left illustrates a double acting (DA) engine, readily 
identified by having: 
 

 steam admission and exhaust valves on both ends of the 
cylinder 

 a rod attached to the piston transmits force as it passes 
through a seal at the bottom of the cylinder 

 a crosshead, coaxial with the cylinder, transmits force from 
the piston rod to the connecting rod 
 

     Most DA engines used a single slide or piston valve to conduct 
steam to and from both ends of the cylinder.  As previously 
mentioned, these valves are energy wasteful, in the latter days of 
steam piston engines poppet valves were increasingly fitted to DA 
industrial engines.  Serpollet fitted similar valves to some of his last 
DA steam automobiles and at least one uniflow engine currently 
sold for hobbyist steam carriages is similarly equipped. 
 
     DA engines are smoother and more powerful than SA engines 
having the same number of otherwise identical cylinders, a natural 
consequence of having two power pulses per revolution rather 
than one.  Lacking a crosshead and piston rod, the SA engine is 
shorter and more easily fitted under the hood.  The absence of 
these parts also dramatically reduces reciprocating weight, 
allowing the SA engine to turn at higher rpm more readily.  This 
potentially higher speed increases horsepower and negates some 
of the DA engines advantage. 
 

 
     The authors favor the SA engine for a number of reasons including greater simplicity, easier 
packaging, higher rpm and lower internal peak stresses. 
 
Compound Engines.   In steam engines, the term stage refers to a single step of energy extraction; all of 
the above engines have been classified as single stage because the steam has entered at high pressure 
and exhausted at low pressure.  Compounding refers to the process of extracting energy from the steam 
in steps; in a reciprocating engine, this would require the steam to be partially expanded in a high 
pressure (HP) cylinder and then further expanded in one or more larger Low Pressure (LP) cylinders (or 
stages if you prefer). A two stage engine is typically referred to simply as a compound while three stages 
are called a triple expansion compound and four are a quadruple expansion compound.  Central 
generating stations employ steam turbine sets that may have dozens of stages and simply refer to each 
stage by number.   
 
     One practical benefit of compounding is that it is easier to achieve a larger overall expansion ratio.  
Assume we would like a 9 to 1 expansion ratio.  A single stage engine would have to cut off steam 
admission when the piston was a bit past 11% of the stroke; this is a very rapid event and difficult to 
achieve at higher rpm without producing excessive and often destructive stresses in the valve train.          
A compound engine, by contrast, could expand the steam for 33% of the stroke in the HP cylinder and 
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another 33% in the low pressure (LP) cylinder.  A cutoff of 33% is easily achieved even by relatively 
unsophisticated valve mechanisms, explaining the popularity of compounding.  A further benefit is that 
each stage experiences a smaller temperature drop, making it harder to lose heat out of the exhaust.   
 

     The drawing at the right illustrates a 
compound engine with an HP and LP 
cylinder.  High pressure steam enters the 
smaller left hand cylinder and is expanded 
as the piston travels downwards; on the 
upwards stroke the steam passes into a 
receiver which stores the steam until the LP 
admission valve allows the expanded steam 
to enter the right hand cylinder.  Note that 
the small volume of high pressure steam 
enters the HP cylinder through a small port 
and the larger volume of partially expanded 
steam exits through a somewhat larger port 
with the LP cylinder doing likewise.    
 

 
     There are practical limits to steam expansion ratio, at some point the expanding steam cools to the 
point where it starts to condense.  This condensation causes a dramatic decrease in the steam volume 
which leads to a rapid pressure drop; it is possible to over-expand the steam.  Compound engines having 
very high expansion ratios can compensate for this problem by replacing the receiver with an interstage 
reheater of the same volume; the reheater is simply a tube that carries the steam back to the boiler, the 
furnace raises the steam temperature enough to permit further expansion without significant 
condensation.  However past work showed that this reheat temperature needed to be controlled or the 
lubricating cylinder oil was carbonized. Since the steam can be worked to lower pressures there is a 
thermodynamic gain in efficiency, but it has to be remembered that part of this gain was purchased at 
the cost of applying more heat and by adding more flow losses.   
 
     With all the above attributes it may seem a bit surprising that the debate between single expansion 
(also called simple expansion) and compounding is the second great area of contention amongst modern 
steam auto enthusiasts.  Much of this controversy centers over whether compound engines actually 
experience the efficiency advantages theory implies.  “Pumping Losses” are one of the biggest losses to 
plague the internal combustion engine.  Simply put these are the amount of energy required to draw the 
fuel/air mixture into the cylinder and the energy to completely expel the exhaust; this is one reason why 
four valves per cylinder have become common practice in today’s IC engines. Supercharging eliminates 
this intake pumping loss; but at the added cost of the power need to run the supercharger or the 
exhaust backpressure needed to run a turbocharger. Since the steam is under pressure it is forced into 
the cylinder and still has pressure during the exhaust phase, these pumping losses are not seen in the 
steam engine.   A simple expansion engine only experiences one flow friction loss while the compound 
engine experiences several compounded losses, negating some of the theoretical advantage.   
 
     The amount of steam that blows by a piston ring is proportional to the steam pressure and the 
amount of time that pressure is allowed to work against the ring.  In a compound engine the pressure 
drops relatively little in the HP stage compared to the simple engine which must expand the steam at 
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one time.  Dutcher Industries found that the piston ring blow-by in their HP cylinder was quite high 
despite the addition of extra piston rings, and these rob energy in their own right due to added friction.  
Warren Doble measured piston ring blow by during the development of the Series F Doble-Besler car at 
seven pounds per hour per inch of circumference at the design pressure of 1500 psi.  
 
     The compound also has difficulty with even torque distribution; the relative amount of torque 
produced by each stage will vary unless the cutoff for each stage is adjusted for every change of throttle 
pressure, resulting in a “lumpy” torque curve.  The simple expansion engine produces friction in only 
one cylinder and loses heat through only one cylinder wall; the compound multiplies these losses with 
each added stage.  Another point to consider is manufacturing cost.  All the parts in each cylinder of a 
multiple cylinder simple expansion engine are identical; fewer types of parts must be made at lower 
capital outlay for tooling, the higher number of identical parts also reduces costs through economies of 
scale. 
 
     As the reader may suspect, both authors find the practical advantages of the simple expansion engine 
to outweigh the theoretical gains of the piston compound.  As mentioned earlier, this is a hotly 
contested viewpoint by a good portion of the steam community. However, both authors have deeply 
investigated a most practical solution to this compounding loss problem. 
 

Steam Wankel.    
     Rotary expanders have long held attraction for many designing steam power systems; many 
intuitively feel that substituting a simple rotating element for pistons that reciprocates to and fro, 
turning a crankshaft by way of connecting rods, is inherently more desirable.  Rotary engines have the 
potential to run at higher speeds with less vibration than conventional engines and are thus highly 
desirable in theory.  Unfortunately, theory has not matched practice, reciprocating engines invariably 
have proven more successful than rotary except in a very few highly specialized applications.  A single 
word sums up the most significant obstacle confronting rotary engines: seals (and their lubrication).  
Historically, rotary steam engines have proven impossible to seal, the resulting leakage reducing engine 
efficiency to the point of impracticality and for them to even work at all required copious lubrication. 

 

 
Dr. Felix Wankel took many years, and great pains, to develop a reasonably effective seal.  In the last 50 
years further development has been achieved by a number of manufacturers, particularly Mazda.  The 
authors suspect steam Wankel engines may be amendable to tip seals having labyrinth sealing surfaces 
in place of mechanical seals, but this is speculative.  The SA steam engine is similar to a typical IC engine 
in that the piston can usually receive lubrication directly from the crankcase; DA steam engine pistons 
and Wankel rotors are not in such contact and require a small injection of lubricant right into the 
cylinder or housing.  This oil injection requires the designer to pay closer attention to lubricant 
decomposition in the engine and to be even more attentive to the problem of removing oil that has 
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leaked into the boiler by way of the steam exhaust. Since the rotor motion is circular rather than 
reciprocating, the exhaust port location need not be symmetrical in regard to the admission valve; this 
allows for delaying compression offset without needing to add an auxiliary exhaust valve. 

 
     A single Wankel rotor produces 3 power pulses per revolution compared to 1 for each piston, 
providing excellent power for the size. The one potential difficulty may be that the three faces of the 
Wankel rotor share a single admission valve while each piston possesses a dedicated valve. This 
admission valve will have to operate three times per revolution rather than once in the reciprocating 
engine; such operation is mechanically feasible but perhaps a bit challenging from a reliability 
standpoint, although not a problem is the rpm is kept reasonable.  By fitting the largest possible 
diameter valve, the lift height can be reduced along with the associated acceleration stresses. Possibly 
three inlet valves fitted in parallel with each operated once per revolution could be contemplated. As an 
internal combustion engine the Wankel exhibited low torque due to having a short stroke and a lower 
BMEP (brake mean effective pressure), yet capable of high horsepower due to being able to reach very 
high rpm with safety. The rotor flanks display a high “piston” area for the size of the engine and with a 
high inlet steam pressure this low MBEP vanishes, the steam expander version will depend on the inlet 
steam pressure. One other difficulty often expressed is the Wankel’s high surface to volume ratio which 
has been a concern from a pollution standpoint as a internal combustion engine. Encasing the entire 
expander in modern insulation negates this problem. The acceptance of the Wankel engine reached a 
notable peak when in 1991 Mazda won the prestigious 24 hour LeMans endurance race with their four 
rotor 787-B Wankel car against intense competition. The Wankel engine has more than enough 
redeeming features and providing Mazda does develop oil free rotor tip seals, and sufficient 
development funding is made available, it could become a most successful steam car main expander.  It 
is certainly worth some effort. 

 
    Wikipedia has a large section on the Wankel engine, although devoted to the internal combustion 
version some of the same attributes also apply to a steam version.  
 
Prime advantages of the Wankel engine are: 
• A far higher power to weight ratio than a piston engine 
• It is approximately one third of the weight of a piston engine of equivalent power output 
• It is approximately one third of the size of a piston engine of equivalent power output. 
• No reciprocating parts. 
• A very high “piston” area for the size and weight. 
• Two moving parts per chamber. 
• Able to reach higher revolutions per minute than a piston engine 
• Operates with almost no vibration. 
• Cheaper to mass-produce as the engine contains fewer parts. 
• Superior breathing, filling the combustion charge in 270 degrees of main shaft rotation rather than 

180 degrees in a piston engine 
• Supplies torques for about two thirds of the combustion or expansion cycle rather than one quarter 

for a piston engine. 
• Wider speed range gives greater adaptability 
• Does not suffer from "scale effect" to limit its size 
• On some Wankel engines the sump oil remains uncontaminated.  The oil in the eccentric shaft is 

totally sealed from the chamber processes . The oil for Apex seals and crankcase lubrication is 
separate. In piston engines the crankcase oil is contaminated by blow-by through the piston 
rings. 
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Radial Inflow Turbine.    
     The majority of the world’s electric power is produced by Rankine cycle central generating stations 
built around highly efficient steam turbines; this often leads to the assumption that similar turbines 
should make superior automotive expanders.  Without going into great detail, suffice it to say that 
conventional impulse and reaction turbines do not scale down well; these turbines are considerably less 
efficient than piston expanders at automotive levels of power. Given those turbines ideally operate at 
half the speed of the steam spouting from the nozzles, and that steam can expand at supersonic speed, 
these turbines have to spin at astronomical speeds.  When one considers the need to efficiently produce 
widely varying amounts of power across a large range of rpm, conventional turbines simply do not 
appear to be a good or realistic option for propelling automobiles. There is one class of turbine however 
that, while it poorly scales up, scales down with great success; this is the radial inflow turbine. This 
turbine has found success as the expander of choice for low temperature solar and co-generation when 
used with heavy molecular weight fluids, the Organic Rankine Cycle (ORC) is a mainstay of alternate 
energy programs. 
 
     This style of turbine is quite common in automobiles; it is the “turbo” in turbocharger.  There are two 
basic classes of expander, or, pump; the positive and non-positive displacement.  A piston engine or 
Wankel will not pass steam if the shafts are held immobile, making them positive displacement; steam 
will flow through a turbine easily if the rotor is free to move or not, making them non-positive 
displacement.  Positive displacement expanders develop power from the action of steam pressure 
working against a movable surface as it expands; non-positive expanders allow the steam to expand 
freely through a nozzle and then extract energy from the resulting high velocity impinging on the turbine 
blades.   
 
     A radial inflow turbine functions by allowing steam to 
expand to high speed through a nozzle ring and then 
directs this flow against the outermost periphery of the 
bladed turbine rotor; causing it to spin precisely as wind 
turns a pinwheel.  As the steam travels inwards its flow 
begins to parallel the rotor shaft, the turbine blades exit 
shape incline backwards at the exhaust end to extract 
further energy from the steam.  The efficiency of such 
turbines can be improved through the use of a variable 
nozzle ring, which ensures the steam is accelerated to the 
optimum velocity for the turbine geometry.  This geometry 
sets the expansion ratio for the turbine and is largely 
dependent upon the difference between the steam inlet 
and discharge pressures. It also establishes the blade shape 
and length, which determines the expansion ratio and also 
the flow capacity. Such turbines have successfully been 
made with 20-1 expansion ratios. 
 

 

    Very high velocity is necessary to produce an efficient turbine, which is why the turbocharger 
compressor wheel is small and designed to operate at very high speed, this allows for a very simple 
direct drive mechanism.  Mating a turbine to an automobile wheel takes an overall gear reduction of 20 
to 40 times the turbine wheel speed, a significant technical challenge; higher gear ratios produce more 
efficiency robbing friction and noise.  Another issue with a turbine is that gearboxes work both ways, if it 
slows the turbines output down to match the cars wheels it also speeds up output from the wheels to 
the turbine.  Relatively small changes in wheel velocity produce large changes in turbine velocity, 
stomping on the brakes rapidly decelerates the turbine while a sudden downshift in a car with a variable 
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speed gearbox dramatically accelerates it.  These accelerations can produce forces that are highly 
destructive to the turbine, transmission or other parts mechanically connected. 
 
         One of the authors used a turbine from the Lear steam bus project to build the first steam car that 
broke the 1906 Stanley Rocket land speed record for steam and set the worlds Steam Land Speed 
Record in 1985. Yet neither author feels that turbines are a good choice for an automobile’s main 
engine; likewise we also felt that practical difficulties outweighed the theoretical advantages of piston 
compounding. Turbo compounding, however, bears serious inspection.  We envision a turbo 
compounded engine as consisting of a positive displacement expander with a bit lower expansion ratio, 
this would reduce the reciprocating efficiency somewhat while increasing power output for the same 
engine displacement.  The exhausted steam can be fully expanded to high velocity as it passes through 
the pressurized nozzle ring and then the turbine can transform this velocity into mechanical work with 
an efficiency rivaling or even exceeding the compound piston engine.   Converting velocity rather than 
pressure into energy effectively eliminates the pumping losses associated with compound reciprocating 
expanders while invoking fewer friction and surface losses.    The turbo compound has the best chance 
of realizing the theoretical advantages of compounding. 
 
        Two methods of integrating the turbine to the reciprocating system come to mind.  The first is to 
mechanically gear the turbine to the main engine.  The big advantage is that all the steam exhausted 
from the piston engine is captured by the turbine and converted to work.  The downside is that the 
operating characteristics of the piston engine and turbine will likely vary at various throttle settings and 
rpm which will reduce the overall efficiency.  This is precisely where the variable nozzle ring comes into 
play to achieve a closer match. The other method is to use the turbine to power auxiliary components 
such as the feed pump, blower, alternator and so on; removing these auxiliary systems from the main 
engine frees up power for propelling the vehicle and raises efficiency.  The downside is that the auxiliary 
loads may not always match the turbine output and result in either wasted power or a deficit.  Obviously 
both methods are not always going to be a perfect fit; the exact application will probably determine just 
how turbo compounding would be applied.  
 

ENGINE SMOOTHNESS 
     This section is concerned primarily with reciprocating engines.  It isn’t enough for an engine to 
develop power efficiently, the output should be as steady and vibration free as practical.  Such 
smoothness depends on minimizing the torque variation throughout the engine revolution and 
minimizing effects of piston inertia on the engine. 

 
Torque Distribution 
     The torque developed by a single cylinder throughout one revolution might look something like this: 
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The events in the above graph occur as follows: 

 Passing TDC the piston slowly gathers speed and transmits torque to the crankshaft, as the 
steam admission is cutoff the steam pressure drops as does the torque. 

 From 180 degrees (Bottom Dead Center) to about 330 degrees the exhaust pressure remaining 
in the cylinder creates negative torque (less than zero torque along the vertical axis), the torque 
increases as the crank rotates and the connecting rod develops more mechanical advantage. 

 From about 270 degrees to 330 the piston compresses steam remaining in the cylinder, this 
requires energy which is expressed as negative torque 

 From roughly 330 to 360 degrees the negative torque increases due to compression and then 
falls off as the crankpin approaches TDC and the connecting rod has no mechanical advantage.   

 
     As we can see, the torque will vary widely through a revolution and this will tend to cause the engine 
to buck and surge.  The torque reversal due to compression can actually cause shock to the system and 
lead to premature component failure.  This wide torque variation and torque reversal is inherent in a 
high pressure engine with efficient short cutoff, the “lumpiness” is part and parcel of the cylinder’s 
operation. 
 
     The simplest method of dampening these torque surges is to add a flywheel to the engine; the 
flywheel mass stores kinetic energy and tends to buffer the torque pulses.  The automobile itself can act 
as a flywheel, its mass absorbs the peak torque by accelerating very slightly then it returns coasts as the 
torque falls off.   These solutions are not always ideal, the torque at the wheels may be relatively steady 
but the engine and drive train can be placed under considerable stress. 

 

One way to “smooth out” an engine is to add more 
cylinders while arranging the cylinders and 
crankpins so that the pulses occur at regular 
intervals.  In the above drawing we see the torque 
diagrams of four cylinders identical to the first 
one, obviously the peak to peak period is ¼ as far 
apart and the torque output is steadier.   The 
output of each piston still produces negative 
torque but the crankshaft “sees” the sum of the 
torque from all cylinders simultaneously, not just 
one at a time.  To the left we see the cumulative 
results: 

 

 
The total torque is always significantly greater 
than zero, even at the lowest ebb; the crank 
experiences no destructive torque reversal at any 
time.  The closely spaced peak torque events place 
less demand on the flywheel, producing smoother 
turning moment.   

 



 51 

 

If the cylinders and crankpins are not aligned to 
produce evenly spaced torque pulses, an irregular 
and “lumpy” instantaneous torque curve can 
result, as shown to the right. 

 

Inertia Balance 
 
     As pistons reciprocate they undergo a series of accelerations and decelerations, according to the 
classic equation Force = Mass X Acceleration, these motions produced shaking forces upon the engine.  
Inertia balancing is the process of selecting cylinder and crankshaft configurations in such a way that the 
inertia forces largely cancel one another out. The complete cancellation of these forces is known as 
inherent balance and exists in such engines as V-8s and Inline 6s. These forces propagate along the line 
of piston travel, and they fluctuate in force and direction proportionately to the degree of crankshaft 
rotation. 

 
 

The primary shaking force is one that changes direction every revolution and is caused by acceleration 
and deceleration of the reciprocating masses. The force takes the form of the inertia equation:      
 

Inertia Force (pounds) = C 
C = .0000284 WRN2 
W = Weight of reciprocating parts in pounds 
R = Crank Radius (crank throw) in inches 
N = rpm 
 

The primary shaking force reaches its peak at the top and bottom of the piston travel. For intermediate 
positions the force is equal to the inertia force calculated above times the cosine of the crankshaft 
angle. 
 
     The secondary shaking force is one that changes direction twice every revolution.  The above drawing 
shows that the crank has rotated less than 90 degrees when the piston has covered half a stroke, 
necessarily it will travel more than 90 for the next half stroke.  This uneven travel imposes a secondary 
acceleration on top of the primary acceleration and that produces an instant acceleration that is the 
combination of both.  This secondary force is equal to the Primary force X (Crankshaft 
Throw/Connecting Rod Length). Because it imposes acceleration on both the up and down strokes, the 
secondary force reverses ever 90 degrees rather than every 180 as does the primary. 
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BALANCING A SINGLE CYLINDER  

 

The inertia of the reciprocating piston peaks at TDC and assumes the same value in the opposite direction 

at BDC; between these points the value progressively diminishes to zero and reverses.   Two types of inertia 

forces are applied to the crankshaft, a rotating component connected to the crankpin and reciprocating attached to 

the piston.  The rotating element is, naturally, canceled out by adding an appropriate mass to the counterweight.  

The rotating counterweight cannot totally cancel the inertia of the reciprocating mass, so an accommodation must 

be made.  Fortunately, the reciprocating force is greatest at TDC and BDC, when the counterweight is aligned in 

the opposite direction of the piston.  If a mass is added to the counterweight that produces half the inertia of the 

piston, it will cancel half that force when it is at its peak when the piston is at the ends of travel.  Without boring 

you with the math, this rotary and reciprocating force cancel out to produce a constant rotating force equal to half 

the peak reciprocating force.  This rotating force is the minimum shaking force a single cylinder can attain and 

this is the reason that the general formula for balancing an engine is to size the counterweights so as to produce a 

force equal to the rotating force plus half of the reciprocating. 

 
 

The above applies to balancing the primary unbalance, the secondary force propagates at twice the frequency of 

the primary (it reverses direction every 90 degrees rather than 180 for the primary force); any attempt to cancel 

secondary forces with the counterweight will cancel the peak force half the time and reinforce it the other half. 

 

BALANCE THROUGH SYMMETRY 

 

A few techniques are used to cancel out primary shaking forces.  The first is to design symmetry into the 

crankshaft.  By symmetry, it is meant that the arrangement and alignment of the crankpins and cylinders and 

cylinders is such that the instantaneous inertia of all cylinders is offset at all angles of crankshaft rotating.  Below 

we see a three and 4 cylinder crankshafts with the vertical dotted lines marking the center of the crankshafts in the 

upper set of drawings, the lower set of drawings expresses the forces on the cranks as though they were levers.  

We are assuming all cylinders are inline and aligned vertically in this example. 
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As has been mentioned previously, inertia travel parallel to the cylinder bore and reach peaks at 

TDC and BDC.  The three cylinder crankshaft at left shows the crankpin aligned with TDC (far left) 

having a peak upwards force while the two remaining pins develop less downwards inertia as they are 

not aligned to BDC.  If we examine this drawing carefully and do a little math we would find that the 

combined force of the two downwards arrows is equal to the upwards force of the larger; the crank has 

no shaking force since inertia will not cause the engine to move.  At the same time, these forces are 

applied along the crankshaft and each has different leverage; the center force has no leverage while the 

outboard have the same.  This disparity in leverage causes the crankshaft (as depicted in profile) to 

attempt to rotate the engine counter-clockwise; when the crank has been spun 180 degrees the situation 

will be reversed and the crank will attempt to rotate the engine clockwise.   The four cylinder engine 

crankshaft in the right hand drawing shows the outer two crankpins being aligned at TDC and the inner 

pair at BDC.  Since the outer crankpins are equidistant they conspire to create an upwards shaking force 

with no rocking couple.  Since the two inner crankpins create an identically strong downwards shaking 

force that also has no rocking couple, it is apparent that there all the primary forces acting on this 

crankshaft are canceled out.  We can say this 4 cylinder crankshaft is inherently balanced for primary 

unbalance forces. 

 

The inline 6 crankshaft is composed of two inline 3 shafts merged back to back, creating a symmetrical 

crankshaft. 

 

 
 

PRIMARY BALANCE THROUGH CYLINDER ALIGNMENT 

 

Another way of canceling forces is to orient cylinders at different angles to the crankshaft in such 

a way as to cause the resultant inertia forces to cancel one another.  The most common and well known 
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variation of this tactic is the 90 degree cylinder V bank.  In the top portion of the illustration below we 

have depicted a single crankpin acted upon by two pistons arranged in cylinders aligned 90 degrees apart 

while rotating through 135 degrees.  The middle portion of the drawing contains a small table stating the 

primary inertia forces acting on each piston as well as a vector force drawing illustrating how the forces 

of both cylinders are resolved.  The bottom portion repeats the middle except that the secondary forces 

are enumerated and described.   

 

 
The primary forces in this drawing are described as follows: 

 

 In the left column we see #1 piston at TDC and #2 at mid-stroke.  The primary shaking force for 

#1 is at its peak (1 for convenience) while #2 is developing no inertia reaction; the primary 

shaking force aligns along #1 cylinder and in line with the crankpin.  

 The next column finds the crankpin directly between the cylinder banks, both cylinders are at a 

relative 45 degrees to the crank.  Since the cosine of 45 is 0.7071, that is the portion of the peak 

force manifested along each cylinders.  Applied at right angles to one another, these resolve into 

a vertical force aligned with the crankpin equal to the peak value in one cylinder.   

 The third column is the same as the first but applies to #2 cylinder, the piston inertia force is at 

its peak along the cylinder and aligned with the crankpin; piston #1 is at mid-stroke and produces 

no inertia.   

 The last column shows both pistons at 45 degrees from the dead centers, #1 from BDC and #2 

from TDC; the forces again resolve out to a force of 1 aligned with the crankpin. 

 

From the above we can see that the primary shaking force for a pair of cylinders, aligned at 90 

degrees, resolves into a rotating force when both pistons are attached to a mutual crankpin.  This is a 

rather special case; we can’t say that the forces have canceled out.  What makes it special is that the 
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force is always at the same strength and same angle relative to the crankshaft, it is a purely rotary force.   

Since rotary forces can be canceled by adding a compensating mass to the counterweight, we can 

effectively consider a 90 degree Vee bank to be inherently balanced for primary shaking forces. 
 

   After studying the primary force tables and resolutions, the secondary forces should be easily 

interpreted.  As we can see, they originally manifest themselves at a right angle to the plane bisected by 

the cylinders and over a 90 degree crankshaft rotation they have shifted orientation through 180 degrees.  

As it happens, in such a Vee bank the secondary force is reciprocating just as though it was a piston 

moving in a cylinder and it reverses twice as often as the primary force at 90 rather than 180 degrees. 
 

BALANCE EXAMPLES 

Inline Two Cylinder DA engine 

 

Traditional steam car engines have 2 double acting cylinders inline, since the DA cylinder provides a 

power pulse every 90 degrees apart, the crankpins are also set 90 degrees apart.  This provides an excellent torque 

distribution of one peak every 90 degrees, giving the car a very steady turning moment essentially identical to an 

internal combustion V8.  The inertial balance is not quite so attractive, however. 

 

 

 
 

As we see in the above drawing, the primary force not only reverses every 90 degrees but shifts from one 

end to the other.  This produces not only a vertical shake, but because the forces are asymmetrically arranged 

along the crank, it also a vertical rocking couple. The lower part of the drawing shows the secondary shaking 

force reversing every 90 degrees, imparting no shake because there are opposing forces of equal magnitude but 

producing a smaller rocking couple on top of the combined primary shake and rock forces.  In the drawing at the 

extreme left, we see the secondary force complementing the primary force on the left hand side; in the next 

drawing the secondary and primary partially cancel each other.  If one studies the drawings it becomes apparent 

that the shaking forces will be complicated and, with enough rpm, very rough running. 

 

Two SA cylinders have the crankpins arrayed 180 degrees apart, ensuring the instantaneous torque curves 

are most evenly distributed.  Since the two crankpins are 180 degrees apart they create identical forces in opposite 

directions, eliminating shake.  Since the forces are arrayed asymmetrically around the center of the crank they do 

impose a strong primary rocking couple. 
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Secondary unbalance forces reverse every 90 degrees; two crankpins 180 degrees apart thus produce secondary 

forces in the same direction.  Since the forces are symmetrically distributed around the center of the crank, and 

identical in magnitude, the engine exhibits a secondary shake.  

 

Three Cylinder Engine.   

     As we have already discussed, the inline three cylinder engine has no primary shaking force but it does have a 

strong primary rocking couple.  The secondary unbalance also manifests itself as a rocking couple, but one that 

reverses twice as often.  At one point the primary and secondary forces reinforce one another and later they tend 

to cancel. 

 

 

 
 

See how the forces on the right and left ends are identical but opposite, the crank won’t shake but it will rock 

strongly.  The steep inclines on the curves from 0 to about 120 degrees are caused by the primary and secondary 

unbalance inertias reinforcing while the gentler slopes from 120 to 360 are produced by cancellation.    The lump 

in those gentler curves is caused by the secondary force opposing the primary, the effect would be greater if it 

weren’t for the greater magnitude of the primary unbalance. 
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INLINE 4 CYLINDER.  

 

 
 

 BOXER ENGINES 
 
     Boxer engines feature cylinders laid out 180 
degrees apart with each piston connected to a 
crankpin that is also 180 degrees out of plane from 
the opposite cylinder.  Since both pistons are 
always travelling in opposing directions they 
always have identical but opposite primary 
secondary shaking forces, making even the 2 
cylinder engine inherently balanced.  This is 
excellent applied to 4 stroke IC engines, each 
cylinder fires on adjacent revolutions and the 
power pulses are evenly distributed.  Steam 
engines are basically “2 stroke” and the boxer 
layout produces the same torque distribution as a 
single cylinder engine. 

 

The situation with 4 cylinder horizontally opposed 
engines is reminiscent of the inline 6 and V-8 
engines.  We can consider it to be a pair of 2 
cylinder boxers mounted back to back.  The 

primary and secondary rocking couples for each 
pair of 2 cylinder engines cancel each other out, 

leaving an inherently balanced engine. 
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As shown to the right, 4 cylinder boxers are 
typically possess single plane crankshafts because 

this gives the smoothest torque distribution for a 4 
cycle engine; a power pulse every stroke.  For a 
steam engine this would cause two cylinders to 

deliver a power pulse every other stroke, 
producing the same torque distribution as a 2 

cylinder engine.  The ideal solution would be a new 
crankshaft with the pistons on one end of the 
engine being attached to crankpins that were 
aligned 90 degrees to those on the other end. 

 

 

The facing illustration shows the layout of the 
Porsche 6 cylinder boxer engine.  Each pair of 

crankpins is laid out 120 degrees apart from those 
for the adjacent pair of cylinders, giving better 

torque distribution than is typical for the 4 cylinder 
boxer engine. 

 

3 CYLINDER RADIAL  

 

In the force diagram to the left we see that the 
primary shaking force travels with the crankpin 
and, just like in a 90 degree Vee bank, can be 

canceled out by the counterweight.  The 
secondary force propagates at twice engine speed 

in the opposing direction; this is unique to the 3 
cylinder radial, with more cylinders the secondary 

force cancels out. 
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V-8 
 
As previously discussed, a 90 degree V bank with 
pistons sharing a common crankpin, results in a rotary 
primary unbalance force that is canceled out by the 
counterweight and a reciprocating secondary shaking 
force perpendicular to the plane of the cylinders.  V8 
crankshafts are laid out in two planes with a 0-90-270-
180 degree crankpin orientation because this 
configuration not only spaces the torque impulses 
evenly, but takes advantage of the fact that the 
secondary forces reverse every 90 degrees.  The 
following drawing shows the symmetrical secondary 
force distribution.  Since both primary and secondary 
forces are canceled, we have an inherently balanced 
engine. 
 

 

 
 

60 DEGREE 3 CYLINDER “W” ENGINE 
This engine layout is common in many 3 

stage air compressors and also employed by 
Abner Doble in the Sentinel “Broad Arrow” 

3 stage compound engine.  When the 
cylinders are double-acting, this engine 
provides 6 power pulses evenly spaced 

every 60 degrees in a package smaller than 
a 3 cylinder radial.    As shown in right hand 
drawing, the primary shaking force is similar 

to a V-2 or radial layout, it resolves into a 
rotating force that follows the crankpin.  

The secondary shaking force is unique; the 
diagrams reveal that it produces an oval 

force that propagates at twice engine 
speed, the horizontal component of the 

shake being larger than the vertical.  
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The W cylinder configuration has been used with more than just three cylinders. 
 “The Napier Lion (above) was a 12-cylinder broad arrow configuration aircraft engine built by Napier & Son 

starting in 1917, and ending in the 1930s. A number of advanced features made it the most powerful engine of 
its day, and kept it in production long after contemporary designs had stopped production. It is particularly well 

known for its use on a number of racing designs, in aircraft, boats, and cars.” <Wikipedia> 

 

 

Isotta-Fraschini built the 18-cylinder Asso 750 

 
 

AUXILIARY BALANCING 
Up to this point we have seen that by selection of correct crankshaft and cylinder geometry some 

engines such as V-8s and I-6s can be inherently balanced for both primary and secondary forces.  We have also 

seen that other engine geometries can either cancel one or the other force out, or perhaps partially cancel a 

force.  The I-4 has no primary forces but a full set of secondary shaking forces. The single cylinder engine has 

both primary and secondary shaking forces acting upon it. 

By adding extra masses to the engine, it is possible to partially or completely cancel forces in engines 

with geometries that are not inherently balanced.  The single cylinder engine is perhaps the worst victim of all, 

so let us look at how shake can be eliminated in a simple one lung engine. 

The most common means of vibration cancellation are balance shafts. Generally speaking, they are 

shafts with offset weights that are spun either at engine speed to cancel primary forces or at twice engine speed 

http://en.wikipedia.org/wiki/Isotta-Fraschini


 61 

to cancel secondary forces.  In a single cylinder, the primary shaking force is along the direction of piston travel. 

At TDC it would be desirable to have a peak canceling force developed towards the bottom of the cylinder.   

The theoretically optimum method of employing balance shafts is to have two shafts each with enough 

mass to generate half the canceling force located equidistantly on opposite sides of the crankshaft spinning in 

opposite directions.  When the rotating masses were aligned at TDC or BDC they would create a force equal to 

the desired opposing force. As the crank rotates these shafts would create a force that fluctuates along the 

cylinder plane with a value equal to the cosine of the angle, and with no sideways force component.   

 

Two counter rotating balance shafts running at 
engine speed would therefore perfectly eliminate 

the primary shaking force of the single cylinder 
engine.  Exactly the same arrangement geared up 

to twice the crankshaft speed would suffice to 
perfectly cancel out the secondary shaking forces 

as well. 

 
 

While this design would completely cancel out the shaking forces on a single cylinder engine, one has to 

question the practicality of adding four geared shafts with attendant bearings and weight, to what is probably a 

fairly simple and economic engine. 

In most cases, the secondary shaking forces are smaller than the primary; so canceling them is of lesser 

importance.  If we decide to try to reduce the primary forces to a reasonable level rather than totally cancel 

them, we can simplify the engine even further.  If we assume the crankshaft is already rotating, we can place a 

second counter rotating balance shaft alongside it.  If the balance shaft and crankshaft are properly balanced, 

they will create a reciprocating canceling force just like that of the two counter rotating primary force balance 

shafts we discussed a moment below.  While these two shafts can create a canceling force that fluctuates 

according to the cosine of the crank angle, the solution is not perfect.  The primary shaking force is traveling 

along the cylinder bore, but now our balancing shafts are not equally spaced on each side of the bore, in fact, 

one of them is directly in the line along which the shaking force propagates.  While the combination of 

crankshaft and balance shaft will cancel out the shaking force, it will create a rocking couple it its place.  If the 

total distance between the balance shaft and the crankshaft can be kept small enough, the leverage of this 
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rocking couple will be proportionately small and a great reduction in overall vibration will still be obtained at 

modest cost. 

The number and arrangement of auxiliary balancing devices will depend on the engine speed, weight of 

reciprocating and rotating masses, ratio of connecting rod length to crank throw, weight of engine, engine 

geometry, economic and engineering factors and so on. 

SUMMARY 

     Up until perhaps 1910, it was an open question whether internal combustion, steam or electric vehicles 

would dominate; steam experience occasional rebirths in the 20s, 30s, 60s and 70s while it is arguable that in 

some automotive applications (such as golf carts and fork lifts) electricity has maintained a steady presence and 

is currently experiencing resurgence.  Unlike much of the hype during the Clean Air years of the 60s and 70s, 

neither author is seriously suggesting that steam is the inevitable successor to the internal combustion engine.  

Thermodynamics alone suggest that steam will not make serious inroads among economy cars unless some very 

economical fuel becomes widely available.  The high end sports car and super car is in no danger of hosting 

steam power plants either; internal combustion engines, with all the processes concentrated inside a cylinder 

rather than distributed around the engine compartment, simply produces far too high a power to weight ratio 

for a steam system to be competitive except possibly over a very short run using stored pressure. 

     Steam should be considered when alternative fuels are available but economics and engineering reality 

suggest that modern IC engines can be adapted to such fuels, or the fuels to the engines, much more readily.  

The real market for the steam automobile is one where absolute economy or performance is not the over-riding 

criteria; when a smooth and silent ride accompanied by relentless acceleration is desired, steam may well be a 

viable if not desirable solution. 

    Perhaps the technology behind the steam automobile is better employed when it is liberated from the vehicle, 

however.  Efficient, dependable light steam technology has the potential to operate on a range of fuels that 

simply aren’t practical for use in an automobile; all sorts of solid biomass can fuel such a system.  There is a 

significant and growing movement seeking to free themselves either partly or completely from the electric grid; 

a steam plant capable of burning any available fuel source may be quite a valuable tool for these people.  Again, 

steam engines using existing, local fuel sources might be valuable in remote locales and in Third World settings 

where the infrastructure to provide energy on demand is nonexistent.  Automobile engines are very demanding, 

once the technology has been developed that is suitable in a car, it can be applied elsewhere with comparatively 

little risk.  

    Most of all, this paper endeavored to make the reader think and consider alternatives; hopefully it did so and 

was an enjoyable read in the process. 

 


