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Abstract

ABSTRACT

This report entails the research undertaken into the use of hydrogen, as generated by an
on-demand production system, as an alternate fuel to the conventional spark ignition
engine. The objectives were to develop a hydrogen generator capable of supplementing
the petrol intake to the engine and to determine the engine performance and emissions
for both conventional fuelling and hydrogen-enhanced fuelling. Comparisons of engine
torque, BMEP and NO,, CO and CO, concentrations were drawn. The use of hydrogen
within the automotive industry, as well as current hydrogen-powered vehicles, was
researched and described. A study into the effects of hydrogen fuelling was carried out
and methods of hydrogen production were discussed. The detailed design of the
hydrogen generator and its controlling electronic circuitry was undertaken and the
generator was built and commissioned. The tests were performed on a 338 cm® Acme
Motori engine coupled to a water-cooled dynamometer, complete with automatic control
equipment. A detailed discussion of the preliminary testing was then presented
whereafter, the final experimental procedure was described. Tests were performed at
one-half throttle and at two-thirds throttle respectively for each fuelling scenario. Engine
performance parameters and emissions concentrations were plotted for each fuel and
direct comparisons between the two fuelling scenarios were drawn. Average BMEP
output for hydrogen-enhanced fuelling was 15% higher. Average torque for hydrogen-
enhanced fuelling was 9% higher. Average NO, concentrations for hydrogen were 19%
lower, while average CO emissions were 22% lower. Average CO, concentrations were

6% higher for hydrogen-enhanced fuelling.
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Symbol Description Unit
Acap End cap area [m?]
Anole Hole surface area [m?]
ATDC After top dead centre [°crank angle]
b Breadth of cross section [m]
BMEP Brake mean effective pressure [kPa]
BTDC Before top dead centre [°crank angle]
C Capacitance [F]
Cq Coefficient of discharge
CcoO Carbon monoxide [ppm]
CO, Carbon dioxide [ppm]
Dmajor Major diameter [m]
Dihread Thread depth [m]
EGR Exhaust gas recirculation
e electron
F Force [N]
f Frequency [HZz]
Fend cap Force on end cap IN]
Finread Thread force [N]
f.o.s Factor of safety
g Gravitational constant [m.s™]
h Height of cross section [m]
H* Hydrogen ion
I Second moment of inertia [m*]
imep Indicated mean effective pressure [kPa]
m Mass [kg]
M Bending moment [Nm]
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Symbol Description Unit
m Carbon atom index
My Mass of water [kg]
MBT Maximum brake torque [Nm]
n Hydrogen atom index
N Engine speed [rps]
NOx Nitrogen Oxides [ppm]
P Power [kW]
Pa Ambient pressure [Pa]
Pint Internal pressure [Pa]
R Universal gas constant [J.kg' K"
Ri2 Resistance [Q]
Ratioiread Thread depth / diameter ratio
ri Inner radius [m]
SA Spark angle [°crank angle]
sCO Specific carbon monoxide [ppmM.W]
sCO, Specific carbon dioxide [ppm.W™]
sNO, Specific Nitrogen oxides [ppm.W™]
Sy, pvc Yield Strength of PVC [MPa]
T Temperature K]
T Torque [Nm]
t Thickness [m]
t Time [s]
Ta Ambient temperature K]
Tosf Space time period [s]
Ton Mark time period [s]
\% Voltage [Vl
Waenerator Weight of generator [N]
wwmp World wide mapping point
y Distance from neutral axis, bending [m]
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Symbol Description Unit
(aq) Aqueous
(9) Gaseous
(1 Liquid
m, Mass rate of hydrogen [kg.s™]
m,, Mass rate of water [kg.s™]
vV, Volume rate of water [m®.s7]
Obending Bending stress [MPa]
Ohoop Hoop stress [MPa]
Ohoop,max Maximum hoop stress [MPa]
A Relative equivalence ratio
Ap Differential pressure [Pa]
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