


Brunton, Howlett, Kennedy: Utilising comprgss_ed 15 - 2 September Proceeding
natural gas as part of an approach to establishinga 20176 s of the
hydrogen based economy DIT Grangegorman ITRN2016

Figure 2: Proposed locations of public CNG refuelling stations (Source: GNI)

1.9 Testing of a Bi-Fuel Vehicle

As part of this research, testing of a 3500kg, 1.8 litres Mercedes Sprinter bi-fuel vehicle (CNG/Petrol)
was conducted in the Advanced Vehicle Test Laboratory in Dublin Institute of Technology (DIT). The
test results allow for an evaluation to be made of the vehicle driving in gas and petrol modes. The
equipment used to test the power and torque outputs in petrol and natural gas modes at standard air
temperature and pressure was a MAHA Rolling Road Dynamometer and the maximum results for
each mode are outlined in Table 2. When conducting the tests, the general observation was that the
vehicle performed better when driven on the rolling road in gas mode.

Table 2: Max. Power and Torque outputs at Standard Air Temperature and Pressure

Petrol Mode Max. Engine Power Max Torque
Oil Temp: 85-92°C 121.8 kW at 5475 rpm 237.5 Nm at 3550 rpm
Gas Mode Max. Engine Power Max Torque
Oil Temp: 85-92°C 122.7 kKW at 5415 rpm 226.9 Nm at 4020 rpm
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This is borne out by the relatively similar results obtained for power and torque in each mode. In gas
mode, more power (0.9kW) was generated at a lower speed (60 rpm lower) than in petrol mode but
this is offset by the increased torque achieved by the vehicle in petrol mode (10.6Nm) at a lower
speed of 3550 rpm (470 rpm lower).

A BrainBee 4 gas analyser (AGS-200) was used to conduct static exhaust gas tests on the Mercedes
Sprinter. The vehicle was fitted with a catalytic converter to oxidise and reduce exhaust emissions.
The supervised tests process was similar for each mode with the vehicle warmed up to normal
operating temperature and the rpm increased in increments of 500rpm and held for 30 seconds to
obtain a steady state reading. The results for each mode are listed in Tables 3 and 4.

Table 3: Petrol Mode Emission (Oil Temp: 80-98°C)

Speed rpm Lambda (A) | CO %Vol CO; %Vol HC ppmVol 0, %Vol

Idle (700-800) 1.006 0.01 15.5 0 0.14
1500 1.003 0.01 15.5 0 0.08
2000 1.003 0.01 15.5 0 0.08
2500 1.002 0.01 15.5 0 0.07
3000 1.002 0.01 15.5 0 0.07
3500 1.006 0.01 15.3 0 0.14
4000 1.004 0.01 15.4 0 0.10

Table 4: Gas (Methane) Mode Emission (Oil Temp: 80-98°C)

Speed rpm Lambda (A) | CO %Vol CO; %Vol HC ppmVol 0, %Vol

Idle (700-800) 1.008 0.01 12.0 102 0.33
1500 1.002 0.01 12.2 37 0.11
2000 1.002 0.01 12.2 15 0.08
2500 1.004 0.00 12.0 54 0.18
3000 1.002 0.00 12.0 32 0.09
3500 1.003 0.00 12.0 6 0.08
4000 1.004 0.00 12.0 1 0.10

Observation of the results show similarity in areas such as the lambda reading which are based on the
stoichiometric value (14.7:1) associated with spark ignition combustion. The CO levels are very low
(0.00-0.01) especially for gas mode. CO; levels for petrol mode are lean and reflective of the lambda
reading and a CO, reading of 12.0 for gas could suggest an air/fuel ratio of 17.2:1 (ideal for Methane)
or 13.5 approx., a slightly richer mixture. The presence of HC emissions in the gas stream of the gas
mode suggests that there may be a problem with the oxidation process of the converter and this is
reflected in the low O, reading across the testing process. This suggests that there is insufficient
oxygen to satisfy the oxidation process of the converter. The National Car Test (NCT) states in its
criteria that a HC test is not required for passenger vehicles operating on CNG.

An observation of the test results may conclude that the converter is developing a fault or the vehicle
emission control is set-up for petrol application. This would support the case to introduce dedicated
Natural Gas Vehicles onto the market to eliminate any problems that may be associated with dual/bi-
vehicle use.

1.10 Conclusions and Future Research

The damaging impact of the continued combustion of hydrocarbon fuels is becoming more and more
evident with increased greenhouse gas levels, especially CO, resulting in global warming. Moving
away from a low carbon economy by 2050 involving some form of limited combustion as outlined in
the White Paper [1] and progressing to a hydrogen economy utilising conversion in the form of fuel cell
technology as proposed by this paper has merit. Views and opinions on this topic are very strong and
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having consulted with various stakeholders who hold different opinions, there is an acceptance that
more research needs to be conducted into the transition to a hydrogen economy. Timing is critical and
more direction at EU/Global level needs to be applied to establishing a definitive pathway forward. The
incentivised encouragement by the government/EU and use of gas in a transport context will require a
behavioural shift on behalf of the public and this will require a process of education and acclimatisation
to eliminate the public perception and fear of gas as a dangerous fuel. If the concept of utilising the
existing pipe network to accommodate hydrogen transmission were to be pursued then future
research is required to establish the requirements of such an arrangement. Research would also need
to be conducted into the compatibility of various components, materials and structures that form part
of a system.

1.10.1 Limitations of Research

Limitations of this research centred on disseminating the vast amount of information available on this
topic and the varying opinions of different sections of industry and academia. There was also an issue
regarding the securing of a Dual-fuelled Mercedes Sprinter (CNG/Diesel) and a diesel Sprinter for
evaluation and comparison purposes. The availability of an Oxides of Nitrogen (NO,) tester would
have contributed considerably to the evaluation results obtained while testing the bi-fuel vehicle. But it
is envisaged that these will form part of future research being conducted in the Transport Engineering
section at DIT.
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