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Backgr'ound 3 AR AT Motorcycle exhaust flow in kg/h measured by type-approval PEMS
- Small engines, i.e. moped and lawnmowers, are still at the +100 over WMTC cycle
tail of emissions requlations and emissions reduction efforts
* Particle emissions can be very high
(+ the operator, approx. 1 m away, is inhaling this) 0 cotvosionni St e s — P
» Traditional type-approval PEMS approach
does not work due to exhaust pulsations and flow reversals -100

Strong pulsations and flow reversals even on multi-cylinder engines

» Alternatives are explored in this work
Photo and data: V. Cisar, diploma thesis, Czech Technical University, 2000

Goal: To measure emissions of small engines during
real { driving, flying, boating, mowing, cutting, .. }
- Concentrations are easy, flow is a problem

Full-flow dilution tunnel ("CVS™)

* Commercial vacuum cleaner blowers provide up to 12 m3/min

* Particles sampled from total flow on high-volume sampler filters
» Suitable for hand-held and small non-road machinery Sampled particles A
* Not very practical on the road from small petrol engines ) &
* Absolute measurement (no vehicle-specific calibration)

Speed-density method
Estimation of intake mass air flow (MAF)
MAF = const. x n,, x MAP x rpm / IAT
Exhaust flow calculated from MAF and exhaust composition
rpm - engine rpm measured by optical, vibration, induction sensors
MAP - intake manifold absolute pressure

IAT - intake air temperature
Const. includes engine displacement,
Universal gas constant, unit conversions

n,, - engine volumetric efficiency

- needs to be determined

experimentally at the lab over

a range of rpm-load combinations

- Allows for simple sample line
installation and very compact setup

Full-flow
dilution |
Tunnel
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CO, emissions) compared to laboratory measurement (CVS, full-

flow dilution tunnel, fuel consumption meter) | Cumulative fuel consumption (from HC+CO+CO, emissions) over WMTC cycle
* Different motorcycles and mopeds used — — "direct:/:raw: - directly measured exhaust flow x undiluted concentrations
diluted - dilution tunnel flow x diluted exhaust concentrations

I

B FTIR raw exhaust
NDIR raw exhaust
B FTIR dilution tunel
B Cons. scale/refilled

Discussion & Conclusions

» Exhaust flow is the #1 source of uncertainty

» Exhaust flow meters used in type-approval PEMS not
readily usable (bulky and not designed for pulsating flow).

* Both speed-density method and close-coupled
high-speed Pitot tube useful when calibrated during
chassis dyno tests.

* Light-weight,  low-cost  inspection-grade &
"garage-grade” five-gas (HC, CO, CO,, NO, O,)
and PN (non-volatile particle number) can be used.
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