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S~~~~RY

Natural gas or bin-gas are possible alternative fuels to
petrol in Otto-cycle engines. A coemercial, single-cylinder , spark-
ignition engine has been run on various mixtures of natural gas with
carbon dioxide to gain experience of its operation and compare its
behaviour with operation using petrol.

Whi~~~ there was a considerable drop in power with straight
natural gas, the specific fuel consimiption was not greatly affected.
No att empt was made to advance the spark timing or to increase the
c~~~ression ratio althou gh both of these chan ges would be expected
to improve the performance considerably.

When operating on gas, it was found possible to vary the
power of the engin, over a wide range by varying the mixture strength ,
a. in a diesel . Performance was little affected by increase of
Car bOn dioxide content up to 47%. ~.
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1. INTRODUCTION

Consideration was given in A.R.L. 1 
during World War II to the

operation of Otto-cy cle engine s on var ious alternative fuels to petrol.

This consideration was limited in the case of methane to a
theoretica l study which indicated that there should be littl e difficulty
in operating on thi s fuel although there would be a power loss due to
the slightly lower mass of air induced by the engine and the change in
calorif ic value .

Recently there has been some interest in using bin-gas as an
engine fuel; bio-ga s is essentially methan e from decomposing organic
matter , with varying percent ages of carbon dioxide. Traces of other gases
like hydrogen sulphide are also present but these are not expected to
affect combustion and heat release greatly although they can give rise
to a little unde sirable sulphur dioxide etc., in the exhaust .

Again, during World War II it was not unusual to see vehicles
• operating from towns gas stored in flexible bags on their roofs. Towns

• gas is not now made from coal in Melbourne but is ‘natural gas ’ which
is largely methane (detail s in Appendix 1); as this is readily ava ilable
and a possible alternative to petrol it was decided that it would be

• interesting to get some first hand experience of running a emall ,
coimuercial , Ott o-cycle engine on natural gas and also to see what the
effect of additions of varying proportion s of carbon dioxide had on the
performanc e of the engine .

2. EXPERIMENTAL SET-UP

To th is end a Wisconsin engin e, (details In Appendix 2) ,  was• set up with its power absorbed in a water brake .

It was run on petrol at a speed of 2400 r .p.m. with the throttle
fully open . The normal carburettor was used but was modified so that a

• needl e could be inserted into the main jet to vary the fuel flow.

In thi s way it was possible to run a ‘fuel loop’ and measure
the power and fuel consumpt ion over a range of mixtu re strengths.

• The carburettor was removed when the engine was run on gas.
The engine inlet was connected to a large, coemercial , displa cement-type• meter so that the air consumpt ion could be measured . When running on
gas, it and the carbon dioxide addition were similarly metered and mixed
with the air just upstre am of the engine intake.

The spark timing on thi s engine is fixed at 18° advance; no
£ attem~t was made to alter this throug hout the tests although it is

• known that best condit ions for running on gas are obtained with a
considera bly more advanced spark than with petrol .
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3. RESUV~S

Figs. 1, 2 show th, power and fuel aonsim~ptIon as a function
of equivalence rat io (i.e. fuel to air rat io divided by the Chemically
correct ratio ; 0.068 for petrol and 0.060 for natural gas) . The• ambient air temperature s and pressu res for the tests were as follows:

T~~~. Pressure
Petro l 300 X 102.3 kPa
Metha ne + 1.6% carbon dioxide 303 K 101.3 kPa

(town gas)

Methane + 36% carbon dioxide 303 K 102.3 kPa
Methane + 47% carbon dioxide 303 K 102.3 kPa

The air consumption of the engine when running on town gas was
about 0.008 kg/s, depending on the fuel/a ir ratio , and about 0.009 kg/s
when runn ing on petrol.

4. DISCUSSIOii

There was a significant power loss when operating on town gas
but it would be expected from Ref. 2 that some of this loss would be• regained by an advanc e in spark timing.

The specific fuel consumption is not greatly affected although
here aga in significant improvem ents would be likely with an increase in
spark advance .

An unexpected result is the very small effect of adding carbon
dioxide. Even with 47% addition , the power loss is comparatively small
and specific fuel consumpt ion (based , of course , on methane consumption )
is not nearl y so greatly affected as might have been expected .

The other inte resting characteristic of the engine when
running on gas is an ability to control the power output smoothly over• a useful range by chang ing the mixture strength. However , when the

• power is decreased by weakening the mixture there is a fairly rapid rise
• in fuel consumpt ion; this effect is small in a diesel cycle engine;

it is possible that spark timing would effect this although it may be
due to a decrease in mechanica l efficiency rather than a lower ing ofj combustion efficiency.
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APPENDIX I

• • NATURAL GAS AS SUPPLIED TO MELBOURNE

(from Scientific Service Laboratories of the Gas
& Fuel Corporation).

% by Weight

Methane 91.1
Ethane 5.81
Propane 0.45

Iso Butane 0.01

Butane 0.04

Carbon Dioxide 1.60

Nitrogen 0.88

Oxygen etc. 0.04

Calorific value 38.8 ~47/m
3 at 15°C and 101.325 kPa

Specific Gravity 0.609

Stoichiometric mixture .0602 natural/gas/4ir.

I;’ - t PETROL

Stoichicmetric mixture .0679 petrol/air,

LL i I
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• 
• • APPENDIX II

Wisconsin S12D Engine

Four Stroke Cycle, Spark Ignition
I Bore 88.9 sm (3.50 inches)

Stroke 76.2 me (3.00 inches)

Displacement 472.9 ml (28.86 cu. in.)

Couçres~ion Ratio 7.34:1
Rated Pon~L~ 9.33 kW (12.5 BHP) at 3600 R.P.M.
Ignition Timing - Fixed at l8~ B.T.C.
Inlet Valve Area 774 ~~~ (1.20 eq. inches)
~ chaust Valve Area 771 net

2 (1.195 sq. inches)
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