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Cyclic Variations of Exhaust Flow and Available Work in Diesel Engines

Increasing the efficiency of internal combustion engines while keeping the power density is a tremendous challenge. Work extraction from the exhaust flow which is wasted to environment is one possible solution to increase both power density and efficiency. In this study, the behavior of pulsating exhaust flow, as characterized by maximum pressure as well as maximum available work (exergy), are investigated to design a suitable exhaust expander to harness this exhaust

exergy. However, the cyclic variation of exhaust flow is a challenge as this can seriously impact the ability to directly harness the available exhaust energy. In this poster, we attempt to estimate the exergy of the exhaust pulse. The experiments were performed on a single cylinder research engine at 1500 RPM, 5 and 2.5 bar BMEP with different boost pressures. A GT-power model is constructed to estimate instantaneous exhaust temperatures and mass flow rates and the model is validated against measured cylinder pressure and apparent heat release rate. A piezoresistive exhaust sensor is used to measure instantaneous exhaust pressures over 1000 engine cycles at various engine speeds, loads and intake charge pressures. The exergy of the exhaust pulse is estimated from one engine cycle to another and further analysis is conducted to separate out the pressure and temperature components of the exhaust exergy. We anticipate this analysis to lead to better designs of expanders that can be used for direct exhaust waste energy recovery.

Motivation:

• Increasing fuel conversion efficiency of IC engines by extracting work from exhaust gas flow.

• Fluctuations of exhaust gas flow are due to periodic nature of engine behavior. This variable behavior makes it hard to find an optimum point to extract maximum available work.

• Exergy of flow is the maximum extracted work from exhaust gas which is studied with considering temperature and pressure portion of it.

• Return map of exhaust exergy is a suitable graph to study the cyclic behavior of exhaust flow.

Experimental set up

A four-stroke, compression ignition, single cylinder research engine (SCRE) was used to conduct the experiments detailed in this study. A 250-hp AC regenerative engine dynamometer with a Dyne Systems Inter-Loc V controller was used to provide engine torque values and control speed. Engine load was controlled through diesel fueling regulated with a National Instruments Stand Alone Direct Injector Driver System (SADI). An AVL Indismart system collected transient data over 1000 consecutive cycles while a National Instruments DAQ system recorded steadystate data over 60 seconds through a LabView virtual instrument created specifically for the Mississippi State University (MSU) SCRE. Crank-resolved exhaust pressure was measured in using Kistler sensor type 4049A piezoresistive pressure sensors with integrated inline signal amplifiers. Absolute intake pressure was measured using a Setra model 209 pressure transducer.

Experiments and model development

Two sets of experiment are considered for this study. First with engine speed of 1500 rev/min and 5 bar BMEP and second with 1500 rev/min and 2.5 bar BMEP. To calculate other parameters of exhaust flow such as mass flow rate, instantaneous temperature and specific heat (cP), a GT-power model developed and validated with experimental results. Figure 1 

Results and discussions

• Maximum exhaust pressure for the same boost pressure increases with increasing BMEP.

COV of max pressure is around 1% which decreases with increasing the boost pressure.

• Specific exergy of exhaust pulse decreases with increasing the boost pressure while BMEP is kept constant.

• Pressure portion of specific exergy increases with increasing the boost pressure. Maximum point of pressure portion and its trend are comparable with maximum pressure graph.

• Temperature portion of specific exergy decreases with increasing the boost pressure. The magnitude of temperature portion is higher, making it more significant for extracting work.

• Total exergy of exhaust flow calculated considering outgoing mass of exhaust from engine cylinder and specific exergy.

• Available work of exhaust flow is maximum at boost pressure of 1.5 bar at BMEP=5 bar.

The main reason is that temperature portion of exergy is more important and with increasing boost pressure, it decreases even though mass flow rate increases. So , there is a trade off between temperature exergy and mass flow rate which is maximum at Pin= 1.5 bar.

• Return maps of available work for BMEP=5 bar shows that fluctuations are lower for higher boost pressure.

• At BMEP=2.5 bar, with increasing the boost pressure up to Pin= 2 bar, available work decreases which is due to decrease of the exhaust temperature.

• Fluctuations of available work for BMEP=2.5 bar are almost the same for all the boost pressures.
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 12 Figure 1. Comparison of simulated and experimental heat release rate and cylinder pressure at the Pin=1.2 bar, 1500 rev/min and BMEP=5 bar
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 3456 Figure 3. Maximum exhaust pressure and location at different boost pressures-BMEP=2.5 bar
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 79 Figure 7. exhaust total exergy at different boost pressures-BMEP=5 bar