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The pulsatile nature of exhaust gas flows in internal combustion engines is often characterized under on-engine conditions by fast
pressure sensors while the instantaneous mass flow, velocity and gas temperature are estimated using reduced dimension models.
Time-resolved flow measurements of the pulsatile flow under engine conditions remains a pertinent challenge. This study revisits
conventional measurement techniques for temperature (resistance wire thermometers and thermocouples) and massflow (pitot
tubes) in pursuit of measuring the time resolved exhaust gas temperature/massflow pulse on-engine.

Introduction and Motivation

Time-resolved flow measurements on conventional engine test benches are typically limited to fast pressure transducers. While flow
measurement techniques based on laser diagnostics for instance have been applied to ICEs, their adoption is limited owing to a combination of
system complexity and the need for an optical access. The relative simplicity in fabricating and integrating resistance wire thermometers, fine-
wire thermocouples and pitot tubes to conventional engine test setups motivates further investigation into the application potential of these
measurement techniques in the ICE exhaust context. However, a major limitation of invasive techniques lies in the need for compensating the
measured signal along with the tradeoff between robustness and response in the case of resistance wire thermometers and fine-wire
thermocouples. The study aims to better understand these limitations and evaluates measures to overcome them.

Preliminary Engine Experiments Sensor System Modelling

Sensing wire

For a resistance wire thermometer, the
sensor system includes the sensing wire
and the prongs (supports).
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A transient heat transfer model derived

Custom built resistance wire thermometers with Gold coated Tungsten wires
(5 and 10 um diameter) were tested on a purpose built single-pipe exhaust of

a Scania D13 6-cylinder HDD engine. Disparities were observed in the modelled response of the sensor system

depending on the model representation of the prongs as multiple lumped
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While uncoated wires failed at the welded joint, the coated 5 um wire sensor
survived operation until P6 i.e. ~¥85 minutes, thus indicating enhanced sensor
life with application of the ceramic coating.
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Discrepancies in the sensor
response between different wire
sizes and the application of a
coating prompted the need to
understand the implications of
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