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Abstract — Insulated engines have become popular ideas 

with the development of new materials and material 

processing techniques. Several research groups have been 

involved and are producing needed, quality information 

about low-heat-rejection engines. To date, a comprehensive 

review has not been presented, like the work included here 

that identifies and discusses the various programs and 

results, or even the breadth of the different topics being 

undertaken. This paper presents a comprehensive literature 

review of low-heat-rejection engine concepts and brief 

discussions of some modeling techniques, both heat transfer 

models and engine models, being used to further the 

knowledge base in this field. The general, established 

concepts and history of low-heat-rejection engines are 

briefly covered before each individual area of interest is 

presented. These are temperatures of low-heat-rejection 

engines, new material requirements, new construction 

techniques to facilitate the new materials, tribology, 

emissions, noise concerns, new fuel capabilities, and 

exhaust heat utilization. The importance of a “whole 

system” approach is stressed. Inconsistencies in the 

literature are also discussed. 

I. INTRODUCTION 

 Long cylinder with a diameter of 18 cm contains a 

similar volume. Higher compression ratios, reduced mass 

flow rates, or larger acceptable pressure drops will reduce 

accumulator size requirements. This is a substantial volume 

for an insulated, mobile pressure vessel. However, it is this 

energy reserve which will produce the favorable torque 

versus engine speed required of atypical passenger vehicle. 

Full torque is instantly available at zero RPM, and less is 

produced at higher engine speeds. Relatively slower 

operating speeds will be seen, and idling requirements are 

reduced or eliminated. Additionally, power transmission 

requirements are greatly reduced. This characteristic result 

of reserve power is common to electric motors and steam 

engines. Possible locations for the large accumulator are the 

engine compartment, somewhere in the rear of the vehicle, 

or in an elongated form underneath the vehicle similar to a 

driveshaft. The independent compressor and expander 

arrangement make the use of an accumulator possible, and 

the torque/power requirements of the typical passenger 

vehicle make an accumulator essential. The burner and fuel 

injection system will combust a variable flow of compressed 

air with a high pressure fuel supply. The structure is 

similar in design to a small gas turbine combustor. For a 

proto type power plant, it would be practical to modify and 

utilize a small gas turbine combustion system. However, the 

ignition system must be capable of reliable and repeated re-

lighting. This is a condition not encountered by gas turbines. 

The final burner design will utilize ceramic materials 

throughout to allow exit temperatures of 1200 to 1500° C. 

With the high combustion temperatures, the formation of 

nitrogen dioxide (NO) increases exponentially. Increased 

residence time of the combustion products within the 

combustor provides complete combustion, but it also 

contributes to NO formation.  

Figures 1 and 2 illustrate poppet style valves on the 

expander intake and exhaust ports. The wide apertures 

attainable via poppet valves make them a good choice, but 

the use of rotary or sliding type valves should not be 

overlooked. As the maximum cycle temperature is 

increased, the power plant thermodynamic efficiency will 

increase, as will the specific work output. This temperature 

will be seen at the exit of the burner, throughout the 

expander intake manifold, at the intake valves and valve 

guides, and into the expander itself. The materials used for 

these components, and possibly NO control, will dictate the 

maximum allowable temperature. Once selected, this 

temperature may then be used to find an appropriate 

volumetric compression ratio. A computer simulation 

utilizing the standard Brayton cycle was performed by this 

author in order to maximize the specific work output of an 

engine with respect to the compression ratio. Utilizing a 

1200 to1500°C maximum cycle, assuming compressor and 

expander efficiencies of 85 percent, and neglecting heat 

rejection, a volumetric compression ratio of 6 to 8 was 

derived. Further increases in the compression ratio will 

incrementally increase the compressor to expander back-

work ratio, decreasing overall specific work output. The 

simulation also assumed that the volumetric expansion ratio 

was equal to the compression ratio.  

 
Fig. 1: Crosshead Shaft Packing 

In reality, this is not required. The ability to increase the 

expansion ratio independently of the compression ratio has 
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the potential to more fully expand the products of 

combustion. This concept is well known in conventional 

engine design, the Atkinson cycle, and has actually been 

used to improve efficiency. An engine made by James 

Atkinson (1846-1914) in England was first to utilize this 

concept. Another consideration in the selection of 

compression ratio is the potential use of exhaust gas 

regeneration, and an accompanying potential for further 

increases in cycle efficiency. 

While the previously discussed improvements in efficiency 

without regeneration are sufficient to justify continued 

development of this design, a brief discussion 

of regeneration is warranted. As the compression ratio 

increases, the compressor exiting temperature also increases. 

It is this gas stream which must accept the heat energy from 

the hot exhaust gases. The higher the compressed air 

temperature, the lower the potential for heat transfer from 

exhaust gases. Therefore, for a given, fixed maximum cycle 

temperature, a lower compression ratio will facilitate 

regeneration. However, a reduction in compression ratio will 

reduce the specific work output. An increased mass flow 

rate, and hence increased cylinder volume, must be then be 

utilized to maintain an equivalent network output. The 

added complexity and cost of a regenerator will be a 

major consideration as well. Finally, one last option is an 

integral accumulator/regenerator design. A regenerator is a 

heat exchanger requiring large surface areas in order to be 

effective. An accumulator could be developed to contain an 

integral heat exchanging conduit through which exhaust 

gases could pass, providing a regenerative effect. Several 

control sequences will operate independently. Induction, 

power, and combustion control are briefly described below. 

INDUCTION will vary as required to maintain the desired 

accumulator pressure. As the compressor operates via a 

fixed transmission ratio with the expander, the intake to the 

compressor will be throttled to modulate induction. Part load 

compressor work will be reduced in proportion. ENGINE 

POWER will be delivered in response to an operator input. 

Figure 1 illustrates a main throttle at the inlet to the burner 

for modulation of compressed air flow. Alternatively, the 

passage between the accumulator and the burner could be 

left un restricted, and compressed air flow could be 

controlled via a variable intake valve period. This approach 

would provide the full accumulator pressure at the intake 

valves, and losses associated with throttling would be 

avoided. The art of steam engine design has dealt with this 

issue extensively. It was previously termed “variable cut-

off”. A good comparison of flow control methods was made 

by GM Research Labs with regard to the SE-101 steam 

power plant. A contrast between these two control methods 

can be seen via their ideal indicator diagrams. Figure 

3aillustrates an ideal diagram of a throttled expander. Both 

full and part load conditions rather fully expand the 

combustion products. The associated throttling losses are 

not shown. Figure 3b illustrates an ideal diagram with 

variable intake period control (variable valve timing).During 

full load; a substantial portion of the expansion process is 

wasted, while during part load, expansion is more complete. 

Since the majority of automotive power plant operation is 

part load, this is a significant concern. However, the added 

complexity of a variable valve mechanism may be the 

overriding factor. COMBUSTION will be controlled by the 

modulation of fuel flow to the burner. Ideally, fuel would be 

delivered in direct proportion to the compressed air flow. 

Two methods for determining the compressed air flow rate 

are possible. First is the direct measurement of flow via a 

high temperature, high pressure mass flow sensor. The 

availability of such a sensor “off the shelf” is questionable. 

Therefore, the empirical calculation via more readily 

measurable operating parameters such as throttle position, 

accumulator pressure and temperature, and engine speed 

would be more practical. With semi-continuous combustion, 

very lean air/fuel ratios are possible. The main limitation on 

excess air would be satisfactory ignition and re-ignition 

under all operating conditions. A wide variety of fuels could 

be utilized. The increased time allowed for combustion, in 

the confines of a high temperature burner and expander, 

allows for complete oxidation of the fuel. Although 

complete combustion of hydrocarbons is possible, the high 

temperatures will surely increase the formation of NO. 

Attention must be given to maintaining acceptable levels in 

the exhaust products. 

II. CONCLUSIONS 

This exercise in engine design has contrived a power plant 

design that takes advantage of continuous high temperature 

combustion and advances in ceramic materials. The 

potential of the LHR concept can be incorporated more 

readily if an adherence to conventional engine structures and 

designs is forgone. A preliminary design has been developed 

with the “potential” for the following: 

 
Fig. 2: Ideal Pressure-Volume Diagrams for Throttle and 

Variable Intake Expander Control 

 Smooth and quiet power delivery due to non-impulsive 

combustion, relatively slower engine speeds, and a 

favorable torque response. 

 Enhanced part load efficiency due to variable 

compressor induction. 

 Reduced fuel consumption due to lean air/fuel ratios. 

 Improved combustion efficiency due to a semi-

continuous combustion prior to the expander. 

 Increased volumetric efficiency due to reduced induction 

component temperatures. 

 Increased thermodynamic efficiency due to more 

complete expansion of combustion products. 

 Increased thermodynamic efficiency due to increased 

combustion temperatures.  
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 Although many issues with the application of materials 

remain, this design merits further development. The 

combined effect of the above improvements could 

produce a power plant with significant reductions in 

emissions of incomplete combustion products as well as 

significant improvements in fuel economy. 


