
PROJECT SUMMARY
To understand waste heat availability as engine coolant temperature is increased, a test facility was
designed and fabricated so an energy balance can be performed on a small 3-cylinder diesel engine.
The engine was modified with a solid copper head gasket, injector pump heat shield, and high
temperature Viton seals to withstand the increased operating temperatures. Custom oil and cooling
systems were fabricated to allow for precise flow and temperature control. The experiment will
measure the fuel energy input, power output, exhaust emissions, and heat rejected to the engine
oil, coolant, and exhaust. An engine model was developed using GT-Power, which predicts cylinder
surface temperatures, the effect of high cylinder temperatures on engine performance, and ways
that engine performance can be optimized to reduce power loss and improve emissions.

BACKGROUND AND RATIONALE
Up to 60% of the fuel energy supplied to internal combustion engines is lost in the form of heat
rejected to the environment through the engine coolant and exhaust gases. Attempts to recover this
waste heat and convert it into usable power have been fundamentally limited by the low
temperature coolant (~90˚C), resulting in minimal relative increases in efficiency (~6%). We propose
raising the coolant temperature to >250˚C to greatly increase the waste heat availability and overall
system efficiency using waste heat recovery.

OBJECTIVES
Previous work has demonstrated the limitations of waste heat recovery from internal combustion
engines due to the low coolant temperature. Initial analysis suggests that increasing engine coolant
temperature to >250°C and utilizing waste heat recovery could increase overall efficiency by over
45%. This project aims to experimentally verify the availability of waste heat from a diesel engine as
the coolant temperature is gradually increased.

EXPECTED OUTCOMES

1) Perform a complete energy balance on a diesel engine as coolant
temperature is incrementally increased

2) Document any abnormal engine wear or component failures

3) Estimate the efficiency gain as a function of coolant temperature

4) Understand how coolant temperature affects engine performance

Advantages of increased coolant temperature: Increased waste heat 
availability; increased efficiency using waste heat recovery

INCREASING WASTE HEAT AVAILABILITY

TEST FACILITY

The test engine was installed at the Engines and Energy
Conversion Lab and connected to an air gap dynamometer
to measure power output. Custom oil and cooling systems
were then built and instrumented with flow meters and
thermocouples to provide data for calculating the heat
rejected to each fluid. A 5-gas analyzer will be used to
monitor emissions.

Fully instrumented test facilityDaihatsu 3-cylinder diesel engine

ENGINE MODIFICATIONS

The diesel test engine was modified to improve
durability at increased operating temperatures.
Combustion chamber sealing was a primary
concern so a solid copper head gasket was
fabricated and stainless steel o-rings were
recessed into the engine block. Rubber engine
seals were replaced with high temperature Viton
seals. A heat shield was fabricated to limit heat
transfer to the fuel injection pump, since
overheated diesel fuel can solidify and cause
damage due to close tolerances. The stock oil and
cooling systems were removed and replaced with
custom external systems to allow precise control
of flow rates and fluid temperatures.

Solid copper cylinder head gasketInjection pump heat shield

GT-PowerTM Modeling
The engine model predicts engine performance as well
as wall temperatures in the combustion chamber. The
model shows a decrease in engine power output and an
increase in NOx emissions at higher operating
temperatures. However, additional simulations show
that altering various engine parameters can help
recover any lost power and improve emissions.

Altering injection timing can help mitigate increase in NOx emissions

ENGINE CONDITION MONITORING

The health of the engine will be documented
as the coolant temperature is gradually
increased. After testing at each temperature,
an oil sample will be sent for analysis and a
compression test will be performed. After
testing is completed, the engine will be
disassembled and all components will be
photographed and measured for comparison
with the baseline engine condition to
identify any specific problem areas.

Engine condition monitoring will include oil analysis (left), and measurement of key engine 
components such as cylinder bores and crankshaft journals (right) before and after testing

Performance of a High Temperature Diesel Engine
JONAS ADLER AND DR. TODD BANDHAUER

DEPARTMENT OF MECHANICAL ENGINEERING

COLORADO STATE UNIVERSITY, FORT COLLINS, CO
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temperatures

outW

outQ
inQ

Waste heat from exhaust and engine coolant can be used to
power a Rankine cycle and produce additional output
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Heat exchanger for custom cooling system (left) and adapter to connect cooling 
system to engine (right)
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Decrease in power can be overcome by boosting intake pressure via forced induction


